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Abstract 

 

Dreissena polymorpha (zebra mussel) and Margaritifera margaritifera (pearl mussel) are 

freshwater bivalves. Both are found within the Neagh Bann Catchment in Northern Ireland 

UK.  

This project investigated the presence and abundance of D. polymorpha in Lough Neagh, the 

Lower Bann and Ballinrees reservoir. Whilst D. polymorpha has extended its previously 

known geographic range in the Neagh Bann catchment beyond the lough, the abundance of 

this notoriously invasive species has remained very low in Lough Neagh. Inhibiting factors 

were identified and investigated. Of particular importance was substrate suitability, as 85 % 

of the lough bed is unsuitable for D. polymorpha settlement. Due to Lough Neaghôs shallow 

depth and large surface area wind driven currents frequently resuspend particulate matter 

which inhibit mussel filter feeding and potentially smother sessile mussels. Water temperature, 

dissolved oxygen content and electrical conductivity of Lough Neagh did not exceed the 

tolerance range for D. polymorpha survival and replication. The abundance of the parasitic 

ciliate Conchophthirus acuminatus in D. polymorpha mussels was compared across Lough 

Erne, Lough Neagh, the Lower River Bann and Ballinrees Reservoir. The parasite 

presence/absence pattern suggested that the mussels arrived in Lough Neagh as adults and 

spread from there as larvae throughout the Neagh Bann catchment. DNA analysis of D. 

polymorpha from the same four sites provided no evidence for introductions from source areas 

with genetically different mussel strains.  

Salmonid fish from the Ballinderry River (Northern Ireland) were exposed to glochidiosis by 

freshwater pearl mussels (Margaritifera margaritifera) under semi-natural hatchery 

conditions. Genetically distinct pearl mussel populations from the upper and lower regions of 

the Ballinderry river both displayed glochidial host preference for river trout (Salmo trutta), 

notably Dollaghan, thus emphasising the importance of these endemic fish for the future 

survival of M. margaritifera within the Ballinderry River. No Ballinderry River pearl mussel 

glochidia survived the parasitic life stage on Atlantic Salmon (Salmo salar) in captive breeding 

conditions. Closer inspection of Salmo trutta gills showed that older fish (1+ and 2+) carried 

greater encysted loads, although they were less susceptible to glochidial encystment than 

juvenile (0+) fish. Based on other studies glochidia excyst around day 350, in this study by 

day 337 all glochidia had excysted from host fish during captive bred trials. Margaritifera 

margaritifera glochidial fish host preference in the Ballinderry River for trout differs from 

host preference of other pearl mussel populations in Northern Ireland. It is therefore essential 

that fisheries management policy change conducts risk assessments at a catchment scale, in 

order to make good conservation and policy choices. 
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An increasing frequency in the occurrence of bacterial multidrug resistance against antibiotics 

has raised the question about the potential contribution of environmental processes to this rise. 

In this studyôs laboratory experiments filter feeding by D. polymorpha had an effect on 

vancomycin resistance transfer in Enterococcus faecalis. Furthermore, the presence of 

phytoplankton (Palmellopsis sp.) facilitated higher transfer efficiencies. Presumed conjugal 

transfer of antimicrobial resistance in D. polymorpha occurred at a maximal transfer efficiency 

of 10-6. This is evidence for the ability of benthic filter feeders such as D. polymorpha to 

facilitate the emergence and spread of multidrug resistance against antibiotics among faecal 

bacteria in aquatic environments which receive pollutant transfers from faecal sources.  

Careful management of the Neagh Bann Catchment is required to limit the spread of invasive 

zebra mussels, to encourage the survival and recovery of pearl mussel populations through 

good habitat management and host survival and to minimise the spread of antimicrobial 

resistance in the natural environment by improved waste and wastewater management.  
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Chapter 1. Introduction  

 

1.1 Project Rationale 

 

Bivalves are an important component of many aquatic environments as they play a key role in 

aquatic ecosystem functioning. Filtration is their most prominent activity. They filter a wide 

range of fine particles, including phytoplankton, bacteria, particulate organic matter, inorganic 

particles, and planktonic larvae from the water (Vaughn & Hakenkamp, 2001). Their filter 

feeding can have noticeable effects on the nutrient dynamics of aquatic systems, especially at 

high levels of bivalve abundance (Vaughn & Hakenkamp, 2001). The activity of these eco-

engineers clarifies the water column as biotic and abiotic particulates are removed from 

suspension and deposited via excretion and deposition of faeces and pseudofaeces to the 

benthos, thus transferring organic and nutrient rich particulates to the bottom.  

Nevertheless mussels can also be agents of resuspension. Burrowing behaviour e.g. from 

Unionid mussels disturbs sediments, resulting in their oxygenation and nutrient release from 

interstitial spaces into the water column (Vaughn & Hakenkamp, 2001). Bivalve shells can 

also provide habitat for epiphytic and epizoic organisms; settled bivalves modify previously 

labile benthic habitat by stabilising ambient sediment which can thus become suitable refugia 

for other benthic fauna (Vaughn & Hakenkamp, 2001).  

Good management of Lough Neagh and its tributaries is essential for the survival of a wide 

variety of species and human interests. 

The mussel species Dreissena polymorpha is a highly successful invasive species, which has 

been able to expand its geographic range in Ireland and the Northern hemisphere quite rapidly, 

often transforming the ecology of lakes it has moved into. Hence its first record from Lough 

Neagh in 2005 sparked immediate concerns that the presence of this invasive mussel would 

also trigger significant changes in the Loughôs ecology. Impacts were thus to be anticipated 

for the regional economy and ecology. Lough Neagh is the UKôs largest lake by surface area, 

supplies a third of Northern Irelandôs drinking water, hosts an important commercial fishery 

and provides a source of sand for several commercial sand extraction companies. Prospective 

ecological consequences could extend far beyond Northern Ireland, as Lough Neagh is also 

home to many migratory bird species and fish species.  

Monitoring the population dynamics of invasive species with such transformative ecological 

potential is important in order to retain options for timely mitigation, e.g. through interventions 

aimed at population control and at preventing its further spread into adjacent water bodies. 

Dreissena surveys have been carried out intermittently after 2005, from 2008 to 2012 and in 
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2013, but the current (post 2013) population status of D. polymporpha in Lough Neagh was 

therefore unknown. Mapping its geographic distribution in the lough and downstream water 

bodies and investigating its recruitment will provide valuable information for stakeholders 

involved in managing the ecological status of Lough Neagh and the sustainable use of its 

resources for future generations.  

While D. polymorpha is notorious for its rapid expansion capacity, the freshwater pearl mussel 

Margaritifera margaritifera has been suffering a long-term decline in the Neagh Bann 

catchment due to historic exploitation and environmental degradation. Primarily intensive 

catchment drainage management resulting in high streambed siltation and unfavourable flow 

velocities. Not only do pearl mussels require a decade before they reach sexual maturity, but 

their complex life cycle also make their success in recruitment dependent on salmonid fish. 

Hence conservation efforts for this mussel species have to give due consideration to the 

environmental requirements of the host fish species as well. However, as individual mussel 

populations may differ in their host preference, it remained to be investigated which salmonid 

species the pearl mussels in the River Ballinderry actually depended when captive bred, in 

order to make informed decisions on management options like supporting captive breeding 

programmes or restoration measures that might benefit individual fish species.  

Lough Neagh and its tributaries continue to be exposed to animal waste, wastewater and 

effluents from wastewater treatment plants and septic tank outflows. All of these sources 

transfer faecal bacteria into the aquatic environment, many of which carry an antimicrobial 

resistance. The emergence of multidrug resistant bacteria led to the relatively recent search for 

environmental feedback processes that might increase horizontal resistance gene transfer rates, 

e.g. through provision of spatial proximity among bacteria with different resistance profiles.  

Filter feeding organisms such as mussels concentrate bacteria and other small waterborne 

particles on their filtering apparatus and in their intestines. This triggered the question whether 

such organisms contribute to the spread of multidrug resistance in the environment. Exploring 

the potential role of bivalves in this context will contribute to an improved understanding of 

how antimicrobial resistance is spread. It will provide evidence as to whether further 

restrictions in the use of antimicrobials and the natural environmentôs exposure to faecal waste 

are matters of urgency.  
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1.2 Thesis structure 

 

The unifying theme of this thesis is to address important issues of conservation and 

environmental pollution in the Lough Neagh Catchment that are associated with the bivalves 

Dreissena polymorpha and Margaritifera margaritifera. Chapter 2 introduces the Lough 

Neagh Catchment and the mussel species Dreissena polymorpha and Margaritifera 

margaritifera. Chapter 3 examines the Dreissena polymorpha population in Lough Neagh and 

the Lower Bann. Chapter 4 investigates the glochidial host preferences of Margaritifera 

margaritifera in the Ballinderry River, a tributary of Lough Neagh. Chapter 5 explores 

whether filter feeding by Dreissena polymorpha can play a role in the transfer of antimicrobial 

resistance between bacteria. Chapter 6 discusses the findings of these chapters in relation to 

improving the environmental management within the Lough Neagh Basin. 

 

1.3 Aim, Hypothesis and Objectives  

 

There were three experimental chapters in this research project.  

The current distribution of D. polymorpha in the Lough Neagh basin was unknown. The first 

experimental chapter (chapter 3) focused on the aim to investigate the current geographic 

distribution larval dispersal of D. polymorpha near shores of Lough Neagh, banks of the Lower 

River Bann and a reservoir fed by water from the Lower River Bann.  

Hypotheses of chapter 3 

H1.  The larval abundance of D. polymorpha in Lough Neagh will be higher than in 

previous recorded population studies. 

H2.  The current D. polymorpha population in Lough Neagh will have expanded from its 

historic base, throughout the Neagh Bann catchment. 

 

Objectives of chapter 3 

3.1.  To survey the near shore presence and abundance of D. polymorpha larvae and pelagic 

zooplankton in Lough Neagh from the collection of shoreline samples.  

3.2.  To monitor the littoral and sublittoral presence and abundance of juvenile zebra 

mussels on shores of Lough Neagh and on banks of the Lower River Bann using mussel spat 

panels. 
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3.3.  To analyse the genetic structure of D. polymorpha from several sites and to examine 

the mussel parasites, in order to infer the possible dispersal history of the zebra mussel invasion 

in the Neagh Bann catchment. 

3.4. To investigate potential causes for the slow invasion of D. polymorpha with a 

particular focus on substrate availability and the role of wind action on potential resuspension 

of lake bottom substrates by wind action in Lough Neagh. 

 

The preferred fish host species for glochidia of the populations of Margaritifera margaritifera 

in the Ballinderry River, a tributary of Lough Neagh, was unknown. Therefore, the second 

experimental chapter (chapter 4) focused on the aim to identify the glochidial host preference 

of the two genetically distinct populations of pearl mussel within the Ballinderry River. 

Hypotheses of chapter 4 

H3.  Margaritifera margaritifera will display host preference for one particular salmonid 

species. 

H4.  Margaritifera margaritifera from the upper and lower Ballinderry River populations 

will display a host preference for the same salmonid species.  

H5.  Older salmonid fish and previously encysted salmonid fish will have lower glochidial 

encystment rates than younger salmonid fish. 

 

Objectives of chapter 4 

4.1.  To investigate if lower Ballinderry mussel glochidia encysted age 0+ Salmo salar and 

age 0+ Salmo trutta in captivity. 

4.2.  To investigate if upper Ballinderry mussel glochidia encysted age 0+ and 1+ Salmo 

salar and Salmo trutta 0+, 1+ and 2+ cohorts in captivity. 

4.3.  To test for differences in density and duration of glochidial gill encysted between the 

Salmo salar and Salmo trutta and individual cohorts of these species in captivity. 

4.4.  To observe if Salmo trutta which had remained unencysted in spite of exposure to 

upper Ballinderry glochidia at age 0+ became encysted when re-exposed age 1+ in captivity. 
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Multidrug resistance of bacteria is an emerging health threat. A facilitating role by filter 

feeders for the acquisition of multidrug resistance has been suggested but had not been tested 

for bivalves (Lupo, Coyne & Berendonk, 2012).  The third and final experimentation chapter 

(chapter 5) focused on the aim to investigate whether filter feeding by Dreissena polymorpha 

had an effect on the horizontal transfer of vancomycin resistance in Enterococcus faecalis. 

This study used bacterial strains from Conwell et al, 2017, the process used conjugation. 

Hence bacteria with a co-resistance to vancomycin and rifampicin are referred to as 

transconjugants in the hypotheses and objectives. 

Hypotheses of chapter 5 

H6.  The number of waterborne transconjugants will be higher in the presence of a mussel. 

H7.  The abundance of transconjugants will be highest in the pseudofaeces relative to in 

the mussel shell, visceral mass or gills. 

H8.  The presence of phytoplankton will increase the transfer efficiency. 

 

Objectives of chapter 5 

5.1.        To investigate if mussels increase the transconjugant numbers in ambient water. 

5.2.        To compare transconjugant numbers from mussel shell, visceral mass, gills and 

pseudofaeces.  

5.3.        To investigate the impact of phytoplankton co-filtration by mussels on the quantity of 

transconjugants. 
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Chapter 2. Literature review 

 

2.1 Dreissena polymorpha (Zebra Mussels) 

 

2.1.1 Dreissena polymorpha distribution 

 

Dreissena polymorpha was first discovered and described in the northern Caspian Sea and 

Ural River by Pallas in 1769. The geographic range of this species has extended dramatically 

since then. The first record of its presence in Hungary dates from 1794. The rapid invasion of 

water systems in Britain, Germany and USSR started in the early to mid-1800s and is 

continuing to the present time. Zebra mussel presence was first recorded in Scandinavia in the 

1940s, in Swiss lakes and in Italy in the 1960s; the start of the American invasion occurred in 

the mid-1980s, and the species further expanded its range to Finland and the Iranian coast of 

the Caspian Sea in the 1990s (Makie et al., 1989; Hamilton et al., 1995). 

In Ireland, D. polymorpha was first observed and identified in 1997 in the lower River Shannon 

(McCarthy & Fitzgerald, 1997). Mostly likely it was introduced in 1994 attached to leisure 

craft brought in from Britain during a drop in tax charges (Minchin & Moriarty, 1998). From 

the Shannon it probably spread via the canal network, to the Shannon-Erne waterway, to 

establish itself in Lough Erne, Northern Ireland (Reynolds & Donohoe, 2001). Dreissena 

polymorpha was first discovered in Lough Neagh, Northern Ireland, in 2005 (McLean et al., 

2010). 

 

 

2.1.2 Dreissena polymorpha importance 

 

Dreissena polymorpha is a bivalve filter feeder. As bio-engineers these mussels selectively 

consume phytoplankton and rotifers (Sinclair & Arnott, 2015).  D. polymorpha can óódirectly 

or indirectly control the availability of resources to other organisms by causing changes in the 

physical state of biotic or abiotic materialsôô (Karatayev et al., 2014). There is limited 

knowledge on the feeding behaviour of the pelagic lifecycle stage of D. polymorpha 

(Vanderploeg et al., 1996), but both zebra mussel adults and larvae appear to share a feeding 

preference of phytoplankton over detritus particles (Pires et al., 2004). 

For breathing and filtration water is drawn into the mussel through a siphon; ciliated cells aid 

the flow of water across the gills. Dreissena polymorpha has an eulamellibranch gill 

structure; the central water channel is enveloped by two epithelial lamellae, which consist of 

solid sheets of tissue formed by a high number of filaments and interlamellar junctions (figure 

2.1). 
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Figure 2.1. a)  The respiratory and digestive organs of an adult Dreissena polymorpha. The 

blue arrows indicate water flow in, through and out of the mussel, brown arrows indicate faeces 

and pseudofaeces expelled from the mussel. b)  Shows the central water channel (WC) between 

two epithelial lamellae (Figures sourced from Silverman et al., 1996). 

 

Musculature is organized so as to regulate size of ostia water channels. Cirri coated in mucus 

have the ability to capture food particles < 1 ɛm; ciliary movements also generate water 

currents to trap food (Silverman et al., 1996). Phytoplankton grazing rates of settled D. 

polymorpha can exceed those exerted by the musselôs planktonic larval stage known as veliger, 

on phytoplankton by a factor of 1162 ɛL individual-1 d-1 (MacIsaac et al,. 1992). Dreissena 

polymorpha veligers have a mean clearance rate (for 2.87 ɛm beads) of 247 to 420 ɛL veliger-

1 d-1. Reef-associated Dreissena mussel populations can filter up to 132 m3 Lī2 dayī1 from the 

overlying water column; they thus can deplete chlorophyll a concentration to levels <1 ɛg Lī1 

transferring food resources and associated energy from pelagic waters to benthic environments 

(MacIsaac et al,. 1992). Because adult zebra mussels have such a high filtration rate, it is 

important to define the sessile population for an assessment of their impact on an ecosystem.  

 

D. polymorpha has a high fecundity (see lifecycle fig 2.2); this allows the population to grow 

rapidly (Minchin et al., 2002). The reported number for the oocyte production by mature 

female D. polymorpha mussels varies considerably. Estimates range from 30,000 to 1.1 

million oocytes per year (StaŒczykowska in 1977; Borcherding, 1991; Ram et al., 1993). The 

estimate of 1 million oocytes per female per year has been the most widely reported in peer 

reviewed literature (Borcherding, 1991). Oogenesis can start in 1 year old specimens; oocytes 

mature in successive cohorts within one gonad. Dependent on temperature and depth, oocytes 

are released multiple times per year (Borcherding, 1991). Due to their lower investment in 

resources, male D. polymorpha have an even greater capacity for reproduction (Otter, 1991; 

A B 
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Ram et al,. 1993). It has also been suggested that in most European lakes D. polymorpha larvae 

experience > 99 % mortality (MacIsaac et al., 1991). Veliger survival will vary from lake to 

lake. The time required for a fertilized egg to develop into a juvenile mussel is temperature 

dependent and ranges from 8 to 240 days (Nichols, 1996). This extended larval development 

time allows D. polymorpha to be transported vast distances by wind driven currents or 

downstream flow (Minchin et al., 2002). Observations on the release of gametes have found 

that it can be synchronised within a 1 to 2 week period or occurs completely non-synchronized 

throughout the year (Nichols, 1996). In Ireland, Lough Key, D. polymorpha spawning has 

been recorded throughout the summer (Lucy, 2006). Ackerman et al. (1994), produced a 

comprehensive summary of the time taken for each larval life stage. Spawning through 

fertilisation to swimming larvae takes 48 to 96 hours, Trocophore stage fertilization to D-shell 

takes 7 to 9 days, D-shell to settlement takes 30 to 100+ days (Sprung, 1993). The larvae of 

Dreissena sp. (Zebra and Quagga mussels) attach to firm surfaces using byssal threads 

(Minchin et al., 2002). Hard substrate is preferred, although D. polymorpha has also been 

found to colonise soft sediments such as mud, marl and sand, and can attach to submerged 

vegetation (Millane et al., 2008; Dermott & Munawar, 2011). Under favourable conditions D. 

polymorpha can grow to adult size and maturity within a year (Wright et al., 1996). Biofouling 

caused by the larval settlement of D. polymorpha creates a wide range of problems for the 

environment and industries reliant on surface water intake, e.g. for cooling, hydropower 

generation or drinking water production (Minchin et al., 2002). 
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Figure 2.2. Life history cycle of the zebra mussel (D. polymorpha). Source: Mackie 1991. 

 

2.1.3 Dreissena polymorpha management 

 

Chemical, physical and biological methods for eradicating D. polymorpha have been tried and 

tested; there has been very little success of attempts to completely remove zebra mussels from 

infested waterbodies. As a result the problems caused by D. polymorpha persist (Karatayev et 

al., 2014).  

 

Chlorination has historically been the most effective treatment against Dreissenids, however 

the mussels close their valves in response to the presence of chlorine and can thus withstand 

episodic shock chlorination for the cleaning of pipes. The BioBullet is an encapsulation of KCl 

in microscopic particles of edible material, mussels filter the encapsulations from the water, 

digest the edible packaging and are subsequently exposed to lethal levels of chlorine (Aldridge 

et al., 2006). Pf-CL145A, an isolate of Gram-negative bacterium Pseudomonas fluorescens, 

can be used as an effective selective control agent against Dreissenid mussel species (Molloy 

et al., 2013b).  Both dead and live Pf-CL145A cells can cause > 90 % mussel mortality when 

mussels are exposed to 100 ppm Pf-CL145A for a few days (Molloy et al., 2013a).  Mussel 

mortality occurs following lysis and necrosis of the digestive gland and sloughing of the 
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stomach epithelium (Molloy et al., 2013a). Neither chlorine treatment, the BioBullet nor Pf-

CL145A have seen wide use in the UK possibly due to the potential side effects these 

treatments have on other ecosystem elements, especially native bivalve species.  

 

Prevention is therefore the preferred choice of action; across America and Europe local 

governments have put up posters and signs around watercourses warning users, e.g. boaters 

and anglers, and disseminating instructions on how to clean and wash equipment, in order to 

prevent the spread of mussel larvae (Britton & McMahon, 2005). People who use water bodies 

invaded by D. polymorpha have had to adapt to the possibility that the mussels might never 

be removed. For example, underwater structures can be plated in copper and copper alloy 

materials which prove to be highly effective in the prevention of biofouling by D. polymorpha 

(Dormon et al., 1996).  
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2.2 Margaritifera margaritifera (Pearl Mussels) 

 

2.2.1 Margaritifera margaritifera distribution  

 

The distribution of Margaritiferidae spans the holarctic regions of North America and Eurasia 

(Walker, 1910). In North America Margatritiferidae range from Newfoundland, southern 

Labrador, eastern Quebec down to the north of Pennsylvania (Young et al., 2001). In Europe 

M. Margatritifera have been found in Portugal, Spain, France, Germany, Austria, the Czech 

Republic, Norway, Sweden, Finland, Russia, Britain, and on the island of Ireland (Young et 

al., 2001). Before the 1950s M. margaritifera was still found in four river catchments in 

Northern Ireland (figure 2.3); the Foyle, Bush, Erne and Neagh Bann (Young et al., 2001). 

Four of the tributaries flowing into Lough Neagh; the Upper Bann, the Blackwater, the Moyola 

and the Ballinderry have hosted a large proportion of the historical population of Pearl mussels 

in Northern Ireland (Beasley et al., 1998). Post 1950 (figure 2.4 a&b), M. margaritifera has 

only been reported from parts of the Foyle and Erne catchments and in the Ballinderry River 

(Beasley et al., 1998; Young et al., 2001).  

 

Figure 2.3. Map showing the major river systems in Northern Ireland. The shaded areas show 

the historic recorded distribution of pearl mussels in Northern Ireland pre 1950. Source: 

Beasley et al., 1998. 
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Figure 2.4 a. Rivers in Northern Ireland with extant mussel populations: (a) Ballinderry, (b) 

Owenkillew, (c) Owenreagh, (d) Swanlinbar, (e) Tempo, (f) Waterfoot and historic mussel 

populations: (g) Upper Bann, (h) Bush, (i) Colebrooke, (j) Moyola, (k) Mourne/Strule. Source: 

Wilson et al., 2011. 
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Figure 2.4 b. Rivers in Northern Ireland where the freshwater pearl mussel was recorded historically 

but from which no recent records have been obtained i.e. presumed locally extinct (blue hatching) 

including (a) Blackwater, (b) Bush, (c) Broughderg, (d) Colebrooke, (e) Derg, (f) Drumragh, (g) 

Finn, (h) Glenelly, (i) Mourne/Strule, (j) Moyola, and (k) Upper Bann (data extracted from Mackie 

(1992); Preston et al. (2006)) and those where it remains extant with recent records (red hatching) 

including (l) Ballinderry, (m) Cladagh (Swanlinbar), (n) Owenkillew, (o) Owenreagh, (p) Tempo, 

and (q) Waterfoot (data from the current survey). Monitoring locations are shown as black dots 

within the current range. Source: Reid et al., 2013.
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2.2.2 Margaritifera margaritifera decline 

 

The decline in pearl mussel distribution has been put down to deteriorating water quality, habitat 

disturbance through channelisation and pearl mussel fishing (Beasley et al., 1998). In a Northern 

Ireland mussel survey by Beasley et al (1998) only a few individuals representing size categories 

under 30 mm were found. This is evidence for a persistent lack of recruitment success. 

Consequently, without mitigation against the environmental stressors, pearl mussels will soon be 

extinct from Northern Ireland. Brooding populations of pearl mussels still exist, but only in six 

rivers in Northern Ireland (figure 2.4b). These populations are comprised entirely of aged 

individuals with little evidence of recent recruitment (Reid et al., 2013). The main cause for 

population decline and poor recruitment in Northern Ireland appears to be the musselôs sensitivity 

in the life cycle stage of glochidial metamorphosis and settlement into the interstitial spaces of the 

stream bed. High levels of siltation from deposition of suspended solids severely constrain water 

exchange in the hyporheic environment and thus expose these small mussels to hypoxia resulting 

in high juvenile mortality (Reid et al., 2013). Catchment drainage directly affects the level of 

siltation and flow velocity over the river bed, M. margaritifera are not adapted to catchment habitats 

that are subject to regular fine sediment infiltration followed by substrate cleansing (Moorkens & 

Killeen, 2014). The decline of this highly threatened naiad is not unique to Northern Ireland. 

Substantial and sustained declines have been reported of pearl mussel populations in Scotland, 

Wales, England, Ireland and throughout the entire European range (Cosgrove et al., 2000; 

Moorkens et al., 2018; Young, 1991). 

 

Much pearl mussel habitat has been lost through destruction in the wake of re-engineering stream 

channels through straightening deepening and other channelisation (Cosgrove et al., 2000; Young 

et al., 2001). As seen in figure 2.5 the rivers in Northern Ireland including the Ballinderry River are 

some of the most heavily and extensively modified rivers in the UK (Acreman, 2000). 

Hydromorphological modification changes hydrodynamics over the river bed, sediment dynamics 

and causes river bed and bank instability, all of which are detrimental to mussel survival (Hastie et 

al., 2001). Loss of riparian buffer zones and bank modifications can also contribute to changes in 

flow duration regimes with increased discharge peaks, nutrient and sediment loads in rivers (Hastie 

et al., 2001). Loss of salmonid spawning beds occurs as these become chocked with sediment 

(Alabaster, 1972). Overfishing and poor river management has led to lower abundances of pearl 

mussel larval hosts, Atlantic salmon (Salmo salar) and trout (Salmo trutta); this has resulted in 

further declines of juvenile mussel recruitment to already struggling populations (Hastie & 

Cosgrove, 2001; Young et al., 2000). Changes in climate increase the frequency of extreme events 

like severe floods which dislodge mussels from their stands for downstream transport or 

catastrophic drought periods with desiccation of river beds and extirpation of resident mussels 
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(Hastie et al., 2001; Wilkinson et al., 2015). Siltation, oxygen deficiency, heavy metals, 

acidification and eutrophication significantly reduce the survival of sensitive pearl mussels 

(Ziuganov et al, 1994). Increased transfers of pollutants into the musselsô aquatic environments 

have resulted from intensification of agriculture (eutrophication from excessive nutrient runoff, 

siltation e.g. through mobilisation of fine particles from damaged/eroded river banks), forestry 

practices (fertilisation, acidification from conifer plantations, sediment transfers from clear felling, 

changed discharge regimes due to drainage and afforestation), quarrying (siltation) and ineffective 

policing of wastewater discharges e.g. single house discharges from septic tanks (Young et al., 

2001).  

 

 

Figure 2.5. Map showing levels of channel modification in the UK. The red circle in Northern 

Ireland has been added to highlight the river catchment site (Ballinderry River) for study chapter 4. 

Source: Acreman 2000.  

  

Records of people fishing for natural pearls found in M. Margaritifera in Europe go back thousands 

of years, pearl mussel fisheries have been recorded at least as early as Roman times (Dall, 1883; 
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Lucey, 2005). From the sixteenth century until the twentieth century there were large scale fisheries 

in the UK and Ireland of great economic value (Cosgrove et al., 2000; Young et al., 2001). 

However, in 1998, when severe declines in pearl mussel records had become apparent, a complete 

UK wide ban on pearl mussel fishing and selling of pearls came into force.  

 

2.2.3 Margaritifera margaritifera importance 

 

As the largest and most long-lived aquatic invertebrate species in Ireland the pearl mussel is a 

uniquely precious animal in the aquatic environment. The value of this species to society is clearly 

marked by the protection status afforded to it. Geist, (2005; 2010) highlights that as an iconic 

freshwater invertebrate M. margaritifera can simultaneously fill the role of indicator, flagship, 

umbrella and keystone species. It is a useful indicator species because of the musselsô longevity 

and their high sensitivity towards a range of environmental stressors. They have high water quality 

requirements and depend on cool, oxygen-saturated running waters which are low in lime and 

nutrients (Geist & Auerswald, 2007). Hence the presence of a healthy pearl mussel population is a 

reliable time-integrated biological indicator of water quality. It is rare for humans to relate 

emotionally to an invertebrate species, yet the pearl mussel has become such a flagship species and 

its current plight has been used with considerable success to make the case for conservation actions 

in river restoration (Geist, 2005). A complex lifecycle (figure 2.6) and the associated requirements 

in all its stages make the pearl mussel dependent on the existence of a diverse array of high quality 

habitats within individual rivers. For example, juvenile pearl mussels inhabit the hyporheic zone as 

the ecotone where surface water and ground water meet; this stream bed zone must have high water 

quality for good recruitment (Geist & Auerswald, 2007). Pearl mussel glochidia rely on the 

existence of salmonid hosts, this incurs diversity requirements for multiple physical habitat features 

like streambed elevation, sediment grainsize and sorting, shelter through vegetative cover etc. Thus 

M. margaritifera is a suitable umbrella species, because any successful measures to protect pearl 

mussels inevitably also benefit a particularly wide range of other aquatic organisms. Margaritifera 

margaritifera can also be assigned the keystone species status, because pearl mussels play a critical 

role in maintaining important ecosystem functions of natural river systems. They filter 

phytoplankton, bacteria and particulate organic matter from the water and affect nutrient dynamics 

through the excretion and biodeposition of faeces and pseudofaeces and their burrowing behaviour 

which causes bioturbation of sediments, oxygenating the sediments and releasing nutrients into the 

water column (Vaughn & Hakenkamp, 2001). In addition their bivalve shells not only provide 

habitat for epiphytic and epizoic organisms, but can also stabilise surrounding sediment and provide 

refugia for other benthic fauna (Vaughn & Hakenkamp, 2001). 
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Figure 2.6. Life history cycle of a Unionidae bivalve such as M. margaritifera. Source: Mackie 

1991. 

 

2.2.4 Margaritifera margaritifera protection  

Understanding the value of freshwater mussels as filter feeders in river ecology and indicator 

species for good river quality and river management has led to the introduction of targeted 

conservation measures to protect the species. Yet, Margaritifera margaritifera is one of the most 

critically threatened freshwater bivalves worldwide (Geist, 2010) and is likely to remain so due to 

its long generation time. Margaritifera margaritifera is catagorised as ócritically endangeredô in 

Ireland (Byrne et al., 2008), ócritically endangeredô in Europe (Cuttelod et al., 2011;  Moorkens, 

2011) and óendangeredô at a world scale (Moorkens et al., 2018). Annexes 2 and 5 of the European 

Habitats and Species Directive and appendix 3 of the Bern Convention list it among the protected 

species and it is a UK priority species in the UK Biodiversity Action Plan by the Biodiversity 

Steering Group. This has led to the development and implementation of a national species Action 

Plan. Pearl mussels are also protected from being killed, injured or disturbed in the UK under 

schedule 5 of the Wildlife and Countryside Act (1981). In Northern Ireland the Cladagh 

(Swanlinbar) River, the Owenkillew River and the upper Ballinderry River are designated as 

Special Areas of Conservation (SACs), these are three of many river sites marked as SACs and 

A/SSSIs around the United Kingdom specifically because of the presence of M. margaritifera. 
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Northern Ireland has also released its own Species Action Plan for the Freshwater Pearl Mussel in 

2005. 

 

Not long ago the regional historic biogeographic range of this species included four major Lough 

Neagh tributaries. The rapid decline which has seen pearl mussel territory shrink to very few and 

small sub-catchments in one of them is a matter of serious concern for the environmental 

management of aquatic resources in the Neagh Bann catchment. 

 

 

2.3 Lough Neagh 

 

2.3.1 Lough Neagh natural environment 

 

Lough Neagh 

Total Lough Neagh Catchment covers some 5750 km2 stretching from the Republic of Ireland the 

full length of Northern Ireland to the North Coast. Lough Neagh within the Neagh Bann catchment 

drains approximatly 38 % of Northern Irelands landmass, Lough Neagh is the largest lake by surface 

area (383 km2) in the United Kingdom. Six main tributaries enter Lough Neagh: the Ballinderry, 

Blackwater, Moyola, Six Mile Water, Main and Upper Bann and two minor tributaries Glenavy and 

Crumlin. One tributary flows out of the lough the Lower River Bann (Wood & Smith, 1993). Low 

water depth (mean of 8.9 m and maximum depth of 34.0 m) combined with the high mean wind 

speed, ensures that Lough Neagh is a polymictic lake; its water column is often completely mixed 

(Bunting et al., 2007). Lough Neagh is hypereutrophic, loaded with excess nutrients that have 

entered the lake from both point (sewage) and diffuse (agricultural) sources in the surrounding 

catchment. 

 

This lough is a place of economic, ecological and historic importance in Northern Ireland (Wood 

& Smith, 1993). The catchment and its rivers, loughs and canals have supported many industries 

historically: linen, coal, diatomite, willow basket making and reed harvesting, currently still 

supporting fishing, agriculture, peat extraction, sand extraction, water extraction, tourism and 

recreation (Wood & Smith, 1993). Lough Neagh is home to several commercially important species 

of fish; Kennedy (1993) lists Salmo salar (Atlantic salmon), Anguilla anguilla (European eels), 

Salmo trutta (brown trout) and Coregonus autumnalis pollan (pollan) as the most important. Lough 

Neagh is home to many migratory bird species notably migrating wildfowl populations. Good 

management of Lough Neagh and the Lough Neagh Catchment is necessary to ensure that Lough 

Neagh remains a place of economic, ecological and historic importance in Northern Ireland.  
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2.3.2 Lough Neagh regulatory environment 

 

Lough Neagh protective measures 

Lough Neagh is home to a diverse range of priority species and habitats, and as a result is protected 

under a vast array of nature conservation designations. The Lough Neagh wetlands are recognised 

as a landscape of international importance. A Ramsar Site (under the Wetlands Convention) has 

been designated encompassing the wetland region around Lough Neagh, and its satellite lakes 

Lough Beg and Portmore Lough. The same three loughs are designated a Special Protected Area 

(under the Birds Directive). Three areas in the Lough Neagh area are designated Special Areas of 

Conservation sites (under the Habitats Directive). Seven areas in the Lough Neagh area have been 

made National Nature Reserves to conserve the local biodiversity for people to enjoy.    

 

For the health, quality and continuation of such an important landscape there are particular water 

quality requirements that must be met within the Lough Neagh Basin. Across Europe the Water 

Framework Directive (WFD 2000/60/EU, including amendments in 2008 & 2014) is in place to 

provide a management structure that requires the protection and improvement of water quality in 

all water environments. This includes the loughs, rivers and groundwater in the Lough Neagh Basin 

and the estuary and coastal waters that the basin drains into. The WFD was designed to prevent 

further deterioration of aquatic ecosystems, promote the sustainable use of water, and reduce the 

pollution of water. The Directive uses five classifications for water body status, each member state 

was to aim for good chemical and ecological status in inland and coastal waters by 2015. Each 

member state carries out six year River Basin Management Plans (RBMP) to meet key policy areas 

such as agriculture, land use, biodiversity, tourism, recreation and flood protection at a river basin 

level. 

Prior to the WFD, specific rivers in the UK were sampled chemically and biologically under the 

general quality assessment scheme (GQA) from the 1990s and prior to that rivers in Northern 

Ireland were sampled chemically since the 1970s. The WFD provides a much more thorough 

assessment of water environments and holistic classification systems.  

The WFD was transposed into UK law in 2003, in Northern Ireland this was done through the Water 

Environment Regulation (latest version 2017). The primary goal of these regulations was to outline 

the practicalities and responsibilities of monitoring, assessment and improvement of the condition 

of water bodies in Northern Ireland in order to meet the objectives of the WFD. 

 

Throughout the first cycle (2009-2015) of the Neagh Bann River Management Plan Lough Neagh 

surface waters have been classified as being of poor status (figure 2.7). The majority of the 

tributaries entering the lough received status categorisations of moderate or lower. The second cycle 

of the Neagh Bann River Management Plan has set objectives to achieve good status for the majority 
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of rivers in the Neagh Bann River Basin District and moderate status for Lough Neagh. Proposed 

objectives for the Ballinderry Local Management Area aim for twenty surface water bodies to reach 

good status and four moderate status by 2027. This is not good enough for pearl mussel survival!  

 

Figure 2.7. A 2015 status of surface water bodies in the Neagh Bann River Basin District. B 2027 

objectives for surface water bodies in the Neagh Bann River Basin District. Source: NIEA 2015.  

The Lough Neagh Management strategy was published in 2002 by the Lough Neagh Advisory 

Committee. The report covers the major topics; water quality, biodiversity, local society (life, work 

and influencing change), landscape, resources (agriculture, minerals & fish), recreation, navigation 

and overall strategic management. The strategy set objectives for each topic which included 

compliance with the WFD, conserving important habitats and species, and preventing further 

introduction and spread of invasive species in the Lough Neagh Wetlands. 

 

2.3.3 Lough Neagh management of invasive species (Dreissena polymorpha) 

 

European regulation on the prevention and management of the introduction and spread of invasive 

alien species (EU No 1143/2014) came into force in 2015. As part of this regulation the European 

Commission published a list of 37 invasive alien species (23 animals and 14 plants) of union 

concern. Dreissena polymorpha is not on the list. The WFD does not specifically mention invasive 

species but refers to anthropogenic impacts that may affect the status of water bodies. This includes 

the introduction of invasive species by anthropogenic activity. The United Kingdomôs Technical 

Advisory Group (UKTAG) provide advice on technical aspects of the WFD.  This includes how to 

assess the risk of water bodies failing to achieve the WFD's environmental objectives, non-native 

A B 



26 
 

 
 

species are one of the main factors that could cause this. Within UKTAG is an Alien Species Group 

(ASG) that uses scientific evidence to categorise invasive non-native species by adverse impact and 

risk to the water environment, assessed as of high, (moderate), low, or unknown impact, with advice 

guidance for implementation of the WFD in relation to each invasive species. This information is 

used to produce risk assessments for each water body to determine the likely impact that an invasive 

species will have on the ecological status of that water body in relation to known local data collected 

on that species. Dreissena polymorpha is listed as a high impact invasive species in rivers and lakes. 

UKTAG ASG recognise that once D. polymorpha has become established within a water body, 

control and irradiation is almost always impossible. The proposed management focuses on 

measures to be put in place that prevent further spread of the species.  For Northern Ireland a Zebra 

Mussel Management Strategy was developed for this purpose. Invasive Species Ireland, no longer 

active, was a joint project between the Northern Ireland Environment Agency and the National 

Parks and Wildlife Service. It created a (still active) website to report and record the presence and 

distribution of invasive species on the island of Ireland. In 2004 the Northern Ireland and Republic 

of Ireland ministries agreed a report that provided recommendations for managing invasive species. 

In 2006 the óInvasive Species Ireland Projectô started to implement the recommendations and 

developed invasive alien species strategies. The Invasive Alien Species Strategy for Northern 

Ireland set out to minimise the negative impacts and risks caused by invasive alien species in 

Northern Ireland. The strategy also aimed at increasing public awareness of invasive species. One 

public dissemination effort of it was the óCheck, Clean, Dryô campaign; information material was 

sent to over 400 organisations and outlets to help increase awareness of biosecurity measures that 

can be used in the aquatic environment to reduce the spread of aquatic alien invasive species such 

as D. polymorpha. A progress report on the Invasive Alien Species Strategy for Northern Ireland in 

2017 and 2018 listed surveillance programmes in place (DAERA 2017; 2018). Those that relate to 

D. polymorpha in Lough Neagh include recordings by the Northern Ireland Environment Agency 

of invasive species from field work and site integrity monitoring, ad hoc records of non-native 

species from the Water Assessment, Data and Evidence Group, and Resource Efficiency Division 

monitoring programmes are submitted to the National Biodiversity Data Centre.  

 

 

Current management of Dreissena 

The Zebra Mussel Management strategy for Northern Ireland (2004 to 2010) outlines the history of 

Zebra mussels in Ireland, introduces the potential impacts of their invasion, identifies the vectors 

for their spread and, outlines a system to prioritise lakes vulnerable to invasion or significant impact 

by this invasive species. Furthermore it considers in depth potential consequences of zebra mussel 

invasion of Lough Neagh and documents conservation measures, surveillance plans for zebra 

mussel spread, management recommendations, and strategy implementation. 
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The Zebra Mussel Management Strategy (ZMMS) for Northern Ireland highlights key changes that 

D. polymorpha may bring to Lough Neagh. Lough Neagh is recognised under the Birds Directive 

as a wetland of international importance especially for migrating winterfowl. The presence of D. 

polymorpha may be favourable for some winterfowl species which can exploit the mussel as a food 

source, In addition large scale filtration by mussels could change the water quality increasing the 

photic depth which in turn would encourage growth of aquatic vegetation fed on by winterfowl. 

However, D. polymorpha could also decrease chironomid abundance in the littoral zone, which 

would reduce the available feed for some winterfowl. 

 

Lough Neagh is home to a variety of fish most notably endemic Dollaghan trout, endangered 

endemic Pollen (Coregonus autumnalis pollan) and endangered European eel. Pollan are at risk 

from destruction of spawning grounds and egg predation by formation of zebra mussel reefs 

(Harrod et al, 2002). The introduction of zebra mussels are often associated with a decline in 

chlorophyll a concentrations, in many lakes like Lough Sheelin in Ireland this also resulted in a 

decline in zooplankton density as well as a decline in density of fish biomass and changes to 

recruitment patterns (Maguire et al., 2003). In other lakes like Lough Erne, a decline in 

phytoplankton led to changes in the feeding pattern of zooplankton towards increased reliance on 

allochthonous matter (Maguire & Grey, 2006). The changes to food web structure through zebra 

mussel filtration could affect the zooplankton feeding behaviour of most fish species in the lough; 

particularly Dollaghan trout and Pollan as well as changes to the breeding patterns of Pollan in 

Lough Neagh. The ZMMS highlighted that zebra mussel invasion of Lough Neagh could have 

impacts on the eel fishing industry, as eels feed on zebra mussels and as a consequence often have 

lacerations in their stomachs caused by the sharp shells. Zebra mussels also foul up fishing nets 

causing damage by resulting in lost catch and increasing the cost of repair. The Lough Neagh 

Fishery Management Plan (2015), highlighted the serious threat that D. polymorpha posed to the 

loughôs fishery. But it did not identify any measures to prevent further spread nor any measures to 

attempt the removal of the species. 

 

Economic costs are usually incurred as a consequence of zebra mussel invasion. The Sand 

extraction industry reliant on Lough Neagh could see increased costs regarding cleaning boats 

fouled with mussels and filtering sand to remove mussel shells. The presence of mussel shell in the 

sand may also reduce the sand quality and value. Lough Neagh is also an important source of water 

abstraction; approximately a third of Northern Irelandôs water for human needs comes from Lough 

Neagh and the three water treatment works on the Lough shore at Castor Bay, Dunore Point and 

Moyola, which process up to 382 megalitres day-1. Slow sand filtration is the main treatment 
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process. Implementing zebra mussel control strategies such as chemical treatment i.e. chlorination 

as well as routine defouling of intake pipes will increase running costs. 

 

2.3.4 Management of endangered species in the Lough Neagh catchment (Margaritifera 

margaritifera)  

 

The Upper Ballinderry River, one of the main tributaries of Lough Neagh, is a Special Area of 

Conservation (SACs), designated to safeguard particular species. The primary species in the upper 

Ballinderry River under Annex 2 for SAC site selection is the freshwater pearl mussel Margaritifera 

margaritifera. This SAC hosts one of the largest populations of pearl mussels in Northern Ireland. 

Margaritifera margaritifera are currently critically endangered in Europe, with a declining global 

population (Reid et al., 2013).  

The habitat of freshwater pearl mussels is fully protected under Annex 2 of the EC Habitats 

Directive (Council Directive 92/43/EEC). This means that it is unlawful to damage or destroy their 

breeding or resting places and it is unlawful to obstruct access to their resting or sheltering places.  

The species is of such importance that a European standard (CEN) for M. margaritifera has been 

produced by the European Committee for Standardization (British Standards Institution, 2017; 

Boon et al., 2019). The standard describes methods for monitoring pearl mussel populations and 

provides information on the fish host populations, physical habitat structure, flow regimes, and 

aspects of water quality known to be important for sustaining pearl mussels. Along with 

óinformative annexesô which provide information to help in applying the standard. The freshwater 

pearl mussel has already been protected under Schedule 5 of the Wildlife and Countryside Act 

(1981), which made it unlawful to capture, kill, disturb or injure pearl mussels, and unlawful to 

possess or sell freshwater mussel pearls. Despite this protection in law intensive catchment 

management as discussed in section 2.2.2 still causes decline in freshwater pearl mussel populations 

today. The pearl mussel is a high-status species in a catchment where management objective is set 

for good status. 

 

A survey of M. margaritifera within three SAC designated sites in Northern Ireland by Reid et al., 

(2013), found populations consisting almost entirely of aged individuals. The lack of recent 

recruitment was put down to a break in the life cycle at the stage where glochidia metamorphose, 

excyst from hosts and settle into interstitial spaces within the substrate (Hastie & Cosgrove, 2001; 

Reid et al., 2013; Young et al., 2000). Suspended solid levels are higher than recommended 

maximum thresholds for all the M. margaritifera SAC designated river sites in Northern Ireland; 

juvenile mortality was attributed to the high deposition of silt (Reid et al,. 2013). The same study 

recorded brooding level identifying that decline was not a result of infertility. Both salmon and trout 

were found as hosts of Ballinderry mussels in the wild, trout had a higher percentage of fish 
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encysted with glochidia and higher density of glochidia per fish than salmon (Johnston & 

Moorkens, 2018; Paul Johnston Associates, 2012 & Reid et al., 2013). Knowledge gaps remained 

regarding host preference in captivity, and glochidial survival on Ballinderry Salmonids during 

metamorphosis, e.g. it is possible that high glochidial mortality occur before excysting from host 

fish.  

 

The rather complicated life cycle of the pearl mussel requires the glochidia (parasitic larval stage) 

of the mussel to attach to the gills of salmonid fish in Irish waters to complete metamorphosis (Ross, 

1992). The óprotocol for ex-situ conservation and reintroduction of the freshwater pearl mussel 

Margaritifera margaritifera in Northern Irelandô (2012), Action 19 highlights that ñéthere is no 

data by which to determine species preferences of M. margaritiferaéò i.e. the glochidial host for 

M. margaritifera in Northern Ireland rivers is not known. Action 19 followed this with the 

suggestion ñéThe occurrence of suitable salmonid hosts should also be confirmed by 

electrofishing over at least two summerséò. The CEN standard states that ñit is important to 

determine the species and density of host fish that a mussel population needs, and whether 

encystment is occurringò (British Standards Institution, 2017). 

 

Because salmonids are the key hosts for M. margaritifera in Northern Ireland, it is important to 

consider the regulations in place to protect salmonids. These include:  

The Northern Ireland Fisheries Act (1966) allows for annual regulations and byelaws that provide 

conservation, protection and development of salmon and inland fisheries in Northern Ireland. Under 

the Department of Culture, Arts and Leisure (DCAL) an Atlantic Salmon Management Strategy for 

Northern Ireland was developed to meet the objectives of the North Atlantic Salmon Conservation 

Organisation (NASCO). The objectives of the NASCO are to conserve, restore, enhance and 

rationally manage Atlantic salmon through international co-operation. Actions taken under the 

Fisheries Act included licenses for the sale of commercially caught salmon by Northern Irish 

fishermen, a ban on sale of rod caught salmon, the introduction of angling regulations, the 

development of further conservation and management targets for specific rivers based on scientific 

research, a study of the genetic salmon population in Northern Ireland, applied pressure on dam 

owners to provide fish passage for salmon, trout and eels, and the introduction of real time 

management strategies in some river catchments. Other regulations and byelaws have since been 

introduced managing European Eel stocks, Coarse and Pike fisheries.  

The Northern Ireland Fisheries Regulations (2014) provide the rules for recreational and 

commercial fishing activities for all fish in Northern Ireland. These regulations in addition to 

Salmon Drift Net Regulations (2014) and Salmon Netting Regulations (2014), implement 

mandatory angling catch and release for salmon and sea trout and the commercial netting of salmon 

and sea trout. 
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The Fisheries Bill (2016) was created to manage and protect Northern Ireland inland and marine 

fisheries. DCAL proposed to use the Bill to ensure inland fisheries were appropriately enforced, 

fully aligned with new legislation particularly with EU legislation such as the Water Framework 

Directive (2000/60/EC) and Habitats Directive. The Atlantic salmon (Salmo salar) is listed in 

Annex 2 of the Habitats Directive as a species of community interest, which can lead to the 

designation of special areas of conservation.  

The Lough Neagh fisheries Plan (2015), outlines the strategic approach to be taken by the Inshore 

Fisheries Group on behalf of DCAL. The plan seeks to sustainably manage the fisheries resources 

whilst maximising value to the economy and the environment. The plan highlights the scientific 

information required to fully inform this process and lists many of the key issues raised by 

stakeholders. 

 

Pearl mussels historically have been on a number of Lough Neagh tributaries, the only remaining 

population associated with Lough Neagh is found in the Ballinderry River, one of the main 

tributaries of Lough Neagh. Without identifying the main glochidial host species for the populations 

of Pearl mussel in the Ballinderry River the effectiveness of fish conservationôs impact on mussel 

conservation measures cannot yet be accounted for. 

 

 

2.3.5 Lough Neagh management of water quality health 

Antibiotics in aqueous environments have been found in influents and effluent of wastewater 

treatment plants, river water, ground water and drinking water in concentrations ranging from ng 

L-1 to µg L-1 and as such present a health concern regarding the development and spread of 

antibiotics in the natural environment (Carvalho & Santos, 2016). 

The UK government created a 5 year Antimicrobial Resistance strategy to run from 2013 to 2018. 

The strategy was implemented by the Department of Health, Department for Environment, Food 

and Rural Affairs (Defra), Public Health England (PHE) and the National Health Service (NHS 

England). The key goal of the strategy was to slow the development and spread of antimicrobial 

resistance (AMR), particularly in association with antibiotics. The strategy has three aims; 1 to 

improve the knowledge and understanding of AMR, 2 conserve and steward the effectiveness of 

existing treatments, 3 stimulate the development of new antibiotics, diagnostics and novel therapies. 

This strategy is implemented through several actions. Those actions are then further broken down 

and overseen by groups such as the Defra Antimicrobial Resistance Coordination (DARC) or by 

devolved governments to meet targets at a local/national level.  
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In 2014 the UK government commissioned, óThe Review On Antimicrobial Resistance: Tackling a 

crisis for the health and wealth of nationsô, chaired by the economist Lord OôNeill. The review 

highlighted the scale of AMR as a public health concern, predicting that the number of estimated 

700,000 deaths annually attributed to AMR on a global basis could rise to 10 million. The 2014 

report made little mention of AMR in the environment, but did stress ñthe need for coherent 

international action that spans drugs regulation, and drugs use across humans, animals and the 

environmentò. 

In Northern Ireland DARD have created an AMR Action Plan (2014) in response to the UK 5 year 

plan consisting of 10 actions.  These involved improvement of infection prevention and control 

practices in animal health, improving professional education, training and public engagement for 

best clinical practice and sustainable antibiotic use, developing new diagnostics (and treatments), 

and better access to and use of surveillance data in the animal sector. 

In 2016 OôNeill chaired a second report for the review on antimicrobial resistance, óTackling Drug-

Resistant Infections Globally: Final Report And Recommendationsô. Intervention 3 of the report 

focused on reducing unnecessary use of antimicrobials in agriculture and their dissemination into 

the environment. The 2016 report suggested three channels for antibiotics to reach the environment: 

animal waste, human waste and manufacturing waste. In aquatic environments antibiotics 

contaminate water sources encouraging the development of antibiotic resistance among pathogens. 

Figure 2.8 is a good illustration of the inputs of antibiotics and Antimicrobial resistance genes 

(ARGs) into the natural environment and the possible paths of exposure to human health. 

 

Figure 2.8. This figure from Yang et al., 2018 illustrates the transport of antibiotics and ARGs in 

different media and their possible exposure ways to human health. Inputs of chemical pollutants 
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and ARGs from human based (A) and agricultural based (B) sources and AMR outputs via drinking 

water (C) recreation (D) and ingestion of aquatic animals (E). 

Animal waste 

There are two key areas in agriculture where antibiotics enter the natural environment. The majority 

of antibiotics consumed by animals are excreted un-metabolised into the natural environment 

(Marshall & Levy, 2011). Secondly manure/slurry from animals that have been treated with 

antibiotics are used to fertilise fields (Sengeløv et al., 2003). Within the Neagh Bann Catchment 

land use is predominantly grassland, with high potential for introduction of antibiotics into the 

natural environment from agricultural farming which is mainly focused on dairy, beef, sheep and 

pig production. 

Human waste 

As with animals, the majority of antibiotics consumed by humans are excreted un-metabolised, 

these antibiotics enter the sewage system (Kümmerer et al., 2000). According to Rizzo et al. (2013) 

urban waste water treatment plants (UWTPs) are an important source of antibiotics discharge into 

the natural environment. The occurrence of antibiotics in the presence of vast reservoirs of bacteria 

and other microbes promote the selection of antibiotic resistance genes and antibiotic resistant 

bacteria, and enable a high probability of gene transfer (Rizzo et al. 2013; von Wintersdorff et al., 

2016). Rizzo et al. (2013), identified the need to understand the factors and mechanisms that drive 

antibiotic resistance maintenance and selection in wastewater habitats. They also recommended a 

need for improved systems to estimate maximal abundance of antibiotic resistant bacteria in 

UWTPs that could pose a health hazard. 

The potential for antimicrobial resistance to spread in WWTP has been recognised and attempts 

have been made to reduce the quantity of bacteria. Membrane filtration, UV treatment followed by 

chlorination ensure that only a fraction of bacteria survive (Gatica & Cytryn, 2013; Purnell et al., 

2015). Whilst the concentration of antibiotics in waste water can often be significantly reduced, 

complete removal remains difficult to achieve (Watkinson et al., 2007). Two wastewater treatment 

plants in Brisbane Australia were assessed for concentrations of human and veterinary antibiotics 

pre and post treatment (Watkinson et al., 2007). One used conventional (activated sludge) and the 

other used advanced microfiltration/reverse osmosis to treat waste water. Both saw a 92% removal 

rate of antibiotics during the liquid phase, however antibiotics were still present in quantities of ng 

L-1. The different wastewater treatments favoured the removal of different types of antibiotic; 

further research is needed to understand the effectiveness of wastewater treatment on the removal 

of various types of antibiotic (Watkinson et al., 2007). 
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The Urban Waste Water Treatment Directive (UWWTD) (91/271/EEC) was designed to reduce the 

pollution of aquatic waters by urban waste water i.e. from domestic sewage and industrial 

wastewater. This directive was transposed in Northern Ireland to Urban Waste Water Treatment 

Regulations in 2007. The directive sets minimum standards for sewage systems based on the 

population size they serve and the sensitivity of waters that they discharge into. The minimum 

standards are also outlined for collection, treatment and the discharge of urban waste water. As part 

of the directive surface water bodies are reviewed and labelled sensitive; if found to be eutrophic 

or likely to become eutrophic without preventative measures put in place, if containing 50 mg of 

nitrate per litre (assuming preventative action is not taken) at a site of water abstraction for drinking, 

and in areas where further treatment than secondary or equivalent treatment is necessary to meet 

other EC Directives (i.e. bathing or shellfish water directives). Lough Neagh, Lough Erne and their 

catchment were areas identified in 1994 as sensitive under the UWWTD. The tributaries that flow 

into Lough Neagh (fig. 2.9 & 2.10) support eleven Waste Water Treatment Works (WWTWs) that 

serve a population equivalent greater than 10,000, and twelve WWTWs that serve a population 

equivalent between 2000 and 10,000 (UWWTD, 2015). Together these WWTWs support a 

population equivalent greater than 1,529,049 (UWWTD, 2015). The quantity of antibiotics that 

enter the natural environment through these WWTWs is unknown. In rural areas such as those 

around Lough Neagh septic tanks are also sources of AMB and AMG that need careful 

consideration.  

 

Manufacturing waste 

Not all manufacturers treat waste products adequately. Notably lakes but potentially any 

environment polluted with inadequately treated waste from antibiotic manufacturing could be 

important reservoirs for mobile antibiotic resistance genes (Bengtsson-Palme et al., 2014).  
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Figure 2.9. Map showing WWTWs in Lough Neagh North and Lower Bann. Source UWWTD, 

2015. 

 

Figure 2.10. Map showing WWTWs in Lough Neagh South catchments. UWWTD, 2015. 




















































































































































































































































































































































