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Executive Summary
In 2004, following formal complaints (2003/5272 & 2004/4112) to the European

Commission, the UK government became exposed to a very serious risk of infraction
for alleged breaches of Articles 2 and 6 of the Habitats Directive. At that time
government stated that @ppropriate regulatory action under Article 6.2 of the
Habitats Directive has been undertaken in an attempt to prevent deterioration
of the Modiolus reefs6and undertook do comply with obligation in Article 2.2 of

the directive to restore the Modiolus reefs to favourable conservation status.6

The Strangford Lough Management Scheme 2005-2010 (Environment and
Heritage Service 2001) identified actions required by the competent authorities, the
Departments of the Environment (DOE) and Agriculture and Rural Development
(DARD), to address the restoration of Modiolus Biogenic Reefs in Strangford Lough.
Consequently, DOE and DARD approved The Strangford Lough M. modiolus
biogenic reef restoration plan (MRP) (Anon 2005). Short-term objectives of the MRP
were: to introduce total protection for the remaining reefs and to assess whether
conditions in appropriate areas are favourable for restoration using pilot translocation
experiments. The medium-term objective was to monitor the rate of natural recovery
over a five-year period. The plan also aimed to pilot potential intervention
techniques that would be needed if natural recovery was not occurring. The ultimate,
long-term objective of the plan is do restore the Strangford Lough Modiolus
biogenic reef feature to Favourable Conservation Statuso(Anon 2005). To help
deliver the plan, DOE and DARD established The Modiolus Restoration Research
Group Project in February 2008

MRRG delivered technical aspects of the Modiolus biogenic reef restoration plan
(MRP) through specific undertakings (Table 1). Carried out over 3 years between
February 2008 and February 2011 the project was delivered by three academic, six
research and two technical staff. Field surveys involved deployment of 276 Remotely
Operated Vehicle (ROV) drops and over 448 dives (112 hours dive bottom time per
diver) (Appendices 2 & 3). Laboratory research included preparation for field
surveys, analysis of field samples and over 880 days in a hatchery dedicated to the
project. An artificial reef experiment was established to investigate the potential for

restoration involving translocation of mussels onto cultch. This involved deploying 10



tonnes of weathered scallop shells in an experimentalar r ay and O0seedingd

6000 Modiolus modiolus broodstock. In addition, a Modiolusr e sear cher sdé conf

was hosted by MRRG to initiate networking with specialists in the field (Appendix 1).

Table 1. The Modiolus Restoration Research Group Project: Delivering technical

aspects of the The Strangford Lough Modiolus biogenic reef restoration plan (MRP).

MRP objectives

Undertakings of the Modiolus Restoration
Research Group Project

1. Reef Mapping: to identify, map and
introduce total protection for the
remaining M. modiolus biogenic reef
sites within 1 year of adoption of this
plan: damaged biogenic reefs will also
be identified and protected from further
damage

Ul: Ma p areas of r &

modiolus

U2: Identify and map areas of damaged M.
modiolus

U3: Provide scientific advice for the
implementation of restoration and protection
of both pristine and damaged areas

2. Monitoring natural recovery: to show,
using appropriate reference and control
sites, evidence of recovery of the M.
modiolus biogenic reef feature towards
oUnf avourabl e Cond
within 5 years of initiation of this
proposed plan.

U4: Monitorte mpor al trends

U5: Investigate the potential for natural
recovery - damaged reef

U6: Investigate the potential for natural
recovery - historical range

U7: Investigate changes in the distribution of
Opristineb Mamodiolu$ eeefisa g €

us: Generate projecti
Conservation Statusé

3. ldentify suitable sites for restoration:
to assess whether conditions in
appropriate areas within Strangford
Lough are currently favourable for
restoration using pilot scale translocation
experiments

U9: Define conditions favourable for M.
modiolus in Strangford Lough

U10: Map the suitability of current condition
for M. modiolus in Strangford Lough

4. Potential intervention strategies: to
restore the Strangford Lough M.
modiolus biogenic reef feature to
OFavourable Conseryv

U11: Translocate M. modiolus and monitor
recovery

U12: Investigate ways to increase provision
of suitable substrata for spat settlement

U13: Culture M. modiolus for reseeding

This section of the report summarises the key findings of the Modiolus Restoration

Research Group [MRRG] project and, based on these, provides recommendations

whereby the competent authorities (DOE and DARD) might achieve their objectives

as stated in the MRP.



Summary of key findings
Changes in the distribution, density and condition of M. modiolus reefs

in Strangford Lough (Undertakings 1, 2 and 7)

Until the mid 1970s M. modiolus beds were found extensively throughout
Strangford Lough. The current distribution, density, and condition of M. modiolus
communities in the Lough were assessed and mapped. For the purposes of the
present oaldcandityon M. gnodiolus reefs in Strangford Lough were defined
as sites with O 5 indi Vand@mbeenditoa k.dnodlusl
reefs were defined as sites with < 5 individuals, and < 1 clump per m. M. modiolus
beds have declined substantially in distribution, extent, condition and density. The
most substantial losses in the distribution and density of M. modiolus beds occurred
between 1980 and 1990; current surveys suggest that this decline has continued in
some areas.

M. modiolus beds can now be found in an area between Castle Island and

Gransha Point in the north and Taggartislandand Kat eds Pl addy

cl umj

in th

1.0a. Beds considered in 6égoodd condition can

Island Pinnacle (Figure 1.0). Remaining beds are fragmented and patchy

Small-scale te mpor al and spati al vari ab Ml

modiolus reefs (Undertakings 4 and 5)

This part of the study aimed to monitor short-t er m trends i n
condition M. modiolus communities in Strangford Lough to determine whether they
are improving or deteriorating over time. Site comparison included both non-
destructive sampling involving photography of 0.5m x 0.5m quadrats and total
removal sampling using 10cm diameter cores. Analysis of in situ counts and
photoquadrats revealed significantly higher density of M. modiolus, and its
associated fauna in the @oodorelative to the @oordcondition sites. Analysis of photo-
quadrats revealed a significantly higher density of M. modiolus and its associated
fauna in the @oodband dgoordcondition sites in the north basin than either site in the
south basin. Analysis of cores revealed no clear trends in mean number and

abundances of species in @oodd and @@oord sites in either basin. Multivariate

10

Ity i

6good



analyses of photo-quadrats and cores revealed greater change in goordcommunities
than @ooddcommunities in both basins. There were no detectable changes in the
density of M. modiolus or its associated fauna in the @ooddor g@oordcondition sites
through time.

This part of the study suggests that short-term monitoring is of limited value in
following temporal trends because there are significant interactions amongst
variables and that future monitoring should be carried out no more frequently than

annually to minimise this variability.

Potential for natural recovery of M. modiolus reefs (Undertaking 6)

In 2003, the M. modiolus communities in Strangford Lough were surveyed by
video transects and by quadrat removal sampling in sites north (northern basin) and
south (southern basin) of the Long Sheelah (SLECI, Roberts et al., 2004). Sites were
selected to sample the historical range of the M. modiolus with Chlamys varia,
sponges, hydroids and bryozoans biotope (code SS.SBR.SMus.ModCvar) and the
M. modiolus with hydroids and large solitary ascidians (SS.SBR.SMus.ModHAS)
biotope, in the north and south basins respectively. To determine the long term
potential for natural recovery of impacted M. modiolus communities repeat surveys
were carried out at the same sites and using the same methodology as in 2003 , as
far as was possible. In the north basin sites there have been further declines in the
density and frequency of occurrence of M. modiolus, relative to the 2003 SLECI
surveys. In the south basin there have been further declines in the density of M.
modiolus, but increases in its frequency of occurrence suggesting greater
fragmentation of the biotope. There was a decrease in the mean number of species
and Shannondés and Pieloubds diversity
basin. There was an increase in the mean number of species but no clear
di fferences in Shannondés and Pielouds
the south basin.

This part of the study suggests that the biotope in the north basin has continued to
decline in condition since SLECI, whereas the biotope in the south basin appears to

show increased fragmentation although some good condition sites remain.

11
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Identifying suitable sites for restoration: habitat suitability modelling for
Modiolus modiolus, in Strangford Lough (Undertakings 9 and 10)

Species distribution modelling was used to identify suitable habitat for M. modiolus
in Strangford Lough to provide objective information on sites where intervention and
natural recovery is most likely to be successful. Predictive distribution models were
developed for each biotope found within the Lough: the Modiolus, Aequipecten
opercularis, and Chlamys varia community (JNCC Biotope code
SS.SBR.SMus.ModCvar) found in the Northern basin and the Modiolus, hydroids,
ascidians and brittle stars communities (JNCC Biotope codes SS.SBR.SMus.ModT)
found in southern basin.

M. modiolus presence records were collected during SCUBA dive surveys
between 2008 and 2010 and environmental parameters from CEDaR records.
Environmental data was interpolated using ARCGIS v9.3 (ESRI, California, USA) to
provide environmental layers for distribution modelling using MAXENT, at a common
pixel size of 40m.

Although substrata importance varied between biotopes, overall M. modiolus
distribution was negatively associated with the presence of cobbles, boulders,
gravel, bedrock and pebbles and positively associated with the presence of mud and
sand. The higher Area under the curve (AUC) value for the Chlamys biotope
(SS.SBR.SMus.ModCvar) is most likely an indication of its restricted distribution as
opposed to better model fit. Predicted M. modiolus distribution was largely biased
towards the centre of the Lough and reflects the known historic distribution.

These findings, if combined with larval dispersal modelling, could be used to
predict areas of the lough where recovery is more likely and to inform the selection of

optimum sites for restoration.

Intervention (Undertakings 11, 12 & 13)

The Modiolus Restoration Plan requires methodologies to restore the M. modiolus
reef feature in the event of natural recovery not being observed. This part of the
project used pilot field and laboratory studies to investigate the potential for three

intervention techniques:

12



1) Translocation or restructuring of scattered, un-clumped adult Modiolus
modiolus and subsequent monitoring
2) Provision of suitable substrata for spat settlement and subsequent monitoring

3) Pilot Modiolus modiolus hatchery cultivation

Translocation or restructuring of scattered, un-clumped adult Modiolus
modiolus and subsequent monitoring

An artificial reef was constructed south east of Brown Rocks using King Scallop
Pecten maximus as cultch for 6000 re-laid adult M. modiolus (Figure 1.0). The
experimental design incorporated elevated and flattened artificial reefs. Mussels
were also relaid directly on the seabed. The purpose of the experiment was to
assess if elevation increased survival of the translocated mussels.

After 6 months, survival in all treatments was high and differences in mortality
rates between treatments were not significant. The number of faunal species
associated with the constructed reef increased greatly over six months. This was
interpreted as a reflection of the natural reef forming process by M. modiolus.

Spat collectors deployed near the cultch site indicate natural recruitment of M.
modiolus spat from sources in the surrounding area. Regular monitoring of the
artificial M. modiolus reef is required. This should include monitoring the effects of
reef elevation and structure on adult mussel survival, natural M. modiolus spat
recruitment and diversity of the associated reef community.

This experiment has demonstrated that translocation of adult horse mussels on to
purposely built artificial reefs consisting of shell cultch is likely to enhance recovery
and natural recruitment providing additional brood-stock to damaged areas. The
present experiment was conducted within the southern basin of Strangford Lough
where the M. modiolus typically belongs to the SS.SBR.SMus.ModHAs/ModT
biotope. A similar trial should be conducted at a suitable site in the northern basin to
stimulate recovery of the M.modiolus and Chlamys varia (SS.SBR.SMus.ModCvar)

biotope.

13



Provision of suitable substrata for spat settlement and subsequent monitoring

The Modiolus Restoration Plan proposed the use of suitable substrate to enhance
natural recruitment as a potential restoration strategy. The Modiolus Restoration
Research Group (MRRG) tested this proposed intervention action by investigating
natural recruitment patterns of M. modiolus and spat settlement on artificial collectors
at several locations representative of its distribution range in Strangford Lough.
Natural recruitment was very poor in damaged areas north of the Long Sheelah
(ModCvar biotope) but was very high in the southern distribution range (ModHAs
biotope), which may be self-sustaining.

Substrate experiments confirmed settlement rarely occurs outside the matrix
created by live adult M. modiolus, settlement was significantly better among clumps
of live mussels than on other materials. Spat settlement was very poor on artificial
spat collectors and loose M. modiolus and Pecten maximus shells. The use of
artificial blue mussel spat collectors for cultivation of M. modiolus is not a viable
restoration approach. The use of seabed cultch techniques to enhance natural
recruitment of M. modiolus should be supplemented with translocation of clumps of

live M. modiolus.

Pilot Modiolus modiolus hatchery cultivation

The Modiolus reef Restoration Plan contemplates the production of young M.
modiolus for experimental reseeding if natural recruitment is not observed. To meet
this objective the Modiolus Restoration Research Group (MRRG) set up the first
dedicated M. modiolus hatchery in Europe. Horse mussel spat was successfully
produced from local broodstock. The majority of mussels remained ripe throughout
the period of study and consequently conditioning was not necessary. Partial
desiccation effectively triggered spawning in broodstock mussels. The full larval
cycle from fertilized eggs to settled pediveligers takes approximately 38 days at
ambient summer water temperatures for Strangford Lough. No significant differences
were observed in larval survival and growth using single or mixed algal diets.
Pediveligers preferred settling among live mussels than on artificial substrates. Spat

up to 1.5mm long were obtained after 4 months in an upwelling system. The main

14



obstacles to producing sufficienti quantities of spat for reseeding were: 1) lengthy
developmental cycle; 2) slow larval and spat growth; 3) poor survival rates; and 4)
very specific settlement requirements

The high costs associated with running the hatchery operations compared to the
poor return in seed means hatchery production of M. modiolus is not a viable

restoration option at this stage.

Projection for recovery of OFavour ab
(Undertaking 8)
Most of the assessment criteria suggest that the majority of M. modiolus biogenic
reefs, particularly biotope SS.SBR.SMus.ModCvar, in Strangford Lough remain in
unfavourable conservation status (Table2) . 0 Good & cafbiotbpet i on si tes
SS.SBR.SMus.ModHAs/ModT at e.g. Craigyouran and Round Island Pinnacle are not
in pristine condition when compared with other beds in the U.K. However, these
probably represent the best remaining M. modiolus communities in the Lough.
Because results from short-term temporal monitoring showed no clear trends, it is
not possible to develop a model based on the current study to predict when
favourable conservation status of M. modiolus biotopes will be restored in Strangford
Lough. However, during the course of the current project a dynamic ecosystem
carrying capacity model for Strangford Lough was expanded to incorporate
additional species including Modiolus modiolus. A model scenario was run, where
historical M. modiolusar eas were populated at a fApristin
m™. The model predicted that M. modiolus in areas close to the mouth of the lough
will grow more quickly than those elsewhere and also suggests that food availability
is unlikely to be a factor limiting its recovery.
In addition, published studies from New Zealand and Canada suggest that
impacted bivalve biogenic reefs may take extended periods to recover after the
cessation of fishing activities.
Factors affecting successional regeneration of bivalve biogenic reefs include the
period of non-disturbance, proximity of propagule sources and hydrodynamic
influences on propagule dispersal. In Strangford Lough, much of the degraded M.

modiolus habitat lies within 10-15 km of sources of propagules from the remaining
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beds; this suggests that signs of natural recovery might be expected within 20 years

in Strangford Lough, provided there is no further disturbance.
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Table 2. Assessment of the current conservation status of M. modiolus biotopes in
Strangford Lough (December 2010)

Definiti

Conservation

ons (O

Biotopes

Natural Habitat

SS.SBR.SMus.ModCvar

SS.SBR.SMus.ModHAs/ModT

Its natural range is stable or
increasing.

Continuing to decline in
distribution and condition.

At some sites this biotope
shows increasing
fragmentati on.
sites at e.g. Craigyouran and
West of Round Island Pinnacle
are not in pristine condition
when compared with other
beds in the U.K. However,
these probably represent the
best remaining M. modiolus
communities in the Lough.

The specific structure and
functions necessary for its
long-term maintenance exist
and are likely to continue for
the foreseeable future.

Because there has been
continued contraction in the
range of its
species, M maodiolus, this
condition is not met.

This condition is only met at a
small number of sites.

The conservation status of
its typical species is
favourable.

Although many species
recorded in previous
surveys are still present
and presumably self-
maintaining, species
diversity has declined
between 2003 and 2010. In
addition, key species for
this biotope (Chlamys varia
and Aequipecten
opercularis) are missing or
under-represented.

Most species recorded in
previous surveys are still
present and presumably self-
maintaining. Species diversity
has not declined between 2003
and 2010.

Species
(Modiolus modiolus)

Population dynamics
indicate it is maintaining
itself on a long-term basis
as part of its natural habitat

Natural recruitment is very
poor.

Natural recruitment is high.

Its natural range is not
declining or likely to decline
in the foreseeable future

Most of the recent (since
2003) contraction in range
has been in the northern
basin.

Range contraction (since 2003)
less evident than in the
northern basin.

There is a sufficiently large
habitat to maintain it on a
long-term basis

Based mainly on substrate
characteristics, MAXENT
modelling suggests that
suitable habitat exists over
much of its historical range.

Based mainly on substrate
characteristics, MAXENT
modelling suggests that
suitable habitat exists over
much of its historical range.
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Conclusions

Side-scan sonar and video surveys carried out between 1990 and 1993 indicated that
areas of Strangford Lough had been heavily impacted by trawling (Service and
Magorrian, 1997). Recognising the vulnerability of benthic habitats to disturbance by
heavy mobile fishing gear the regulatory authorities introduced restrictions to fishing in
Strangford Lough in 1993 (Inshore Fishing Prohibition Regulations (NI) 1993). These
regulations prohibited the fishing of Modiolus, prohibited the use of tickler chains on
fishing gear, restricted scallop dredging to the south of limestone rock, and prevented
incursion of mobile gear into the westerly part of the lough. Such management of fishing
would give the opportunity to assess recovery of areas impacted by mobile benthic
fishing gear (Service and Magorrian 1997).However, by 2003, there was no evidence to
suggest recovery of M. modiolus communities in Strangford Lough despite legislation to
manage fishing (Roberts 2003). Consequently, DARD extended the prohibition on
mobile gear to the whole of Strangford lough in December 2003.

The present study has shown that the decline has not been halted by previous
management intervention methods and M. modiolus beds in Strangford Lough
remain much reduced in extent, density, and condition. Specifically, M. modiolus
communities at Black Rocks, Long Sheelah and Selk Rock beds remain in poor
condition; those at Craigyouran and Round Island Pinnacle, although not in pristine
condition when compared with other U.K. beds, probably represent the best
remaining M. modiolus communities in the Lough.

The remaining M. modiolus communities in Strangford Lough still face a number of
threats which could limit or prevent their recovery. These include increases in the
temperature due to global climate change, eutrophication through agricultural inputs,
disease and an increase in the intensity of pot fishing. Further restrictions to all fishing
methods in the areas were introduced in March 2011 (The Strangford Lough [Sea

Fisheries Exclusion Zones] Regulations [Northern Ireland] 2011 No. 360) (Figure 1.0).

Because M. modiolus is a long-lived species which supports diverse benthic
communities, long-term protection and intervention are required where such
communities have been impacted. To establish the effectiveness of intervention
measures it is essential that the distribution, condition and density M. modiolus in

Strangford Lough are monitored into the future.
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While Table 2 may appear to paint a bleak picture for the potential recovery of the
M. modiolus biogenic reef feature in Strangford Lough, experience in New Zealand
(Cranfield et al., 2004) suggests that biogenic reefs comprising Ostrea sp. and
Modiolus sp. may recover over long periods if undisturbed. In addition, a number of
positive elements have emerged from the current project. First, species richness
remains high at a number of sites. Second, there is evidence of low levels of natural
recruitment in the north basin and higher levels of recruitment in the south basin.
Third, intervention involving translocation of M. modiolus onto cultch shows a great
potential to kick start the regeneration process. These positive elements of the study

form the basis of the recommendations below.
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Recommendations (Undertaking 3)

Recommendations below follow the three essential elements of the DARD/DOE
Modiolus Restoration plan.

PROTECTION

Maintain the ban on the use of mobile fishing gear
MRRG recommend that a total protection zone is established below the 10m
contour line between: Castle Island to Gransha Point in the North and the

Southern tip of Island Taggart0.to Kateos

Rationale:
1. The recommendation meets the first objective of the the Modiolus Restoration
Plan agreed by DOE and DARD: 6t o i denti fy, map and il
protection for the remaining Modiolus biogenic reef sites within one
year of the adoption of this plan; damaged biogenic reefs will also be

identified and protect.ed from further dan

2. The proposed non-disturbance zone:

1 Contains bulk of remaining M. modiolus communities

1 Contains experimental restoration cultch site

1 Includes a significant proportion of habitat suitable for M. modiolus biotopes
(ModCvar and ModHAs/ModT) based on habitat suitability models

1 Is unambiguous and easier to monitor and police.

Issues:
1 Impacts on current stakeholder activities

1 Cost of policing

These issues are without the scope of this report and fall within the responsibilities of
the competent authorities, DOE and DARD
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INTERVENTION

1 Establish at least one new artificial reef within the proposed non-disturbance
zone using weathered cultch. The reef site should be selected on the basis of
habitat suitability and larval dispersal modelling, be located within both the
proposed non-disturbance zone and the historical distribution of the Modiolus
modiolus beds with Chlamys varia, sponges, hydroids and bryozoans
(SS.SBR.SMus.ModCvar) biotope.

1 Ideally large numbers of adult mussels should be translocated onto cultch in
the area(s) selected for translocation. Based on preliminary results from the
current study, which found no significant difference in survival of mussels
translocated on to elevated or flattened cultch or onto unmodified substrate
the use of cultch may be redundant. However, sourcing and deployment of
cultch should be budgeted into any further intervention efforts. In addition,
because sourcing mussels for translocation remains a problem (see below)
the best approach might be to concentrate existing mussels into larger
patches. This would stabilise mussel patches due to the clumping behaviour
of mussels and overcome Allee effects whereby reproductive success
decreases with population density.

Rationale:

Experimental trials in current project show that:
1 Atrtificial reefs stabilise quickly
1 Translocated mussels show high survival

1 Reefs are rapidly colonised by epifauna

Issues:

1 The key issue involving translocation of mussels is that of acquiring sufficient
guantities of mussels to increase the chances of success. This would
necessitate collecting mussels from outside Strangford Lough for this purpose.
This was considered when the pilot reef experiment was initiated during the
present project. The proposal was rejected on the grounds that 1) M. modiolus

beds in the western Irish sea (the nearest source stocks) are themselves
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already under threat (Goodwin et al. 2011); 2) there would be a risk of
introducing pathogens and alien species; 3) introduced mussels might not be
genetically compatible with populations in Strangford Lough (see for example
Maggs 2008).

Cost

MONITORING

Establish an annual programme to monitor:

9 status of natural biogenic reefs

1 recruitment & succession on established experimental reef
1 recruitment & succession on proposed experimental reef
1

selected historical sites where M. modiolus no longer occurs

Rationale:
Longer time frame is required to demonstrate:
1 positive or negative changes in natural reefs (natural recovery)

1 effectiveness of artificial reefs

Issues:
9 Cost
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Figure 1.0 Distribution of Modiolus modiolus in Strangford Lough in 2010 based on surveys conducted by

the Modiolus Restoration Research Group (Inset). M. modiolus reefs were recorded at 123 of 442 sites

surveyed and is the basis of the recommendation to establish a total protection zone below the 10m depth

contour, between Castle Island to Gransha Point in the North and the Southern tip of Island Taggart to

Kat ebds Pl aSouhy(Main figuré).nhTee recommendation aims to meet the first objective of the

Modiolus Restoration Plan agreed by DOE and DARD: 6t o i denti fy, map and introdu
for the remaining Modiolus biogenic reef sites within 1 year of the adoption of this plané

The posiotoidodn codfiteg@tgCraigyouran and Round Island Pinnacle are indicated

The experimental cultch site and the Strangford Lough (Sea Fisheries Exclusion Zones)
Regulations (Northern Ireland) 2011 No. 36, Introduced 14™ March 2011 are also illustrated.
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1.0 Introduction

1.1 The Modiolus Restoration Research Project

This report describes the findings of the Modiolus Restoration Research Group
[MRRG] Project set up to deliver technical aspects of the MRP through specific
undertakings (Table 1.1) and to recommend a strategy whereby the competent
authorities might achieve these objectives. Carried out over 3 years between
February 2008 and February 2011 the project was delivered by three academic, Six
research and two technical staff. Field surveys involved deployment of 276 Remotely
Operated Vehicle (ROV) drops and over 448 dives (896 hours, each diver clocking
over 112 hours of diving bottom time) (Appendices 2 & 3). Laboratory research
included preparation for field surveys, analysis of field samples and over 880 days in
a hatchery dedicated to the project. An artificial reef experiment was established to
investigate the potential for restoration involving translocation of mussels onto cultch.
This involved deploying 10 tonnes of weathered scallop shells in an experimental
array and 6s e e @00 Mgdilustnodiotus bedodstbck. 6n addition, a
Modiolusr esear chersdé conference was hosted by N

specialists in the field (Appendix 1).
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Table 1.1 The Modiolus Restoration Research Group Project: Delivering technical

aspects of the The Strangford Lough Modiolus biogenic reef restoration plan (MRP)

MRP objectives

Undertakings of the Modiolus Restoration
Research Group Project

1. Reef Mapping: to identify, map and
introduce total protection for the
remaining M. modiolus biogenic reef
sites within 1 year of adoption of this
plan: damaged biogenic reefs will also
be identified and protected from further
damage

Ul: Map areas of remaining 6 pr i dv
modiolus

U2: Identify and map areas of damaged M.
modiolus

U3: Provide scientific advice for the
implementation of restoration and protection
of both pristine and damaged areas

2. Monitoring natural recovery: to show,
using appropriate reference and control
sites, evidence of recovery of the M.
modiolus biogenic reef feature towards
oUnf avourabl e Cond
within 5 years of initiation of this
proposed plan.

U4: Monitor temporal {

U5: Investigate the potential for natural
recovery - damaged reef

U6: Investigate the potential for natural
recovery - historical range

U7: Investigate changes in the distribution of
Opristined Mamodiolu$ eeefisa g €

us: Generate projecti
Conservation Statusbé

3. ldentify suitable sites for restoration:
to assess whether conditions in
appropriate areas within Strangford
Lough are currently favourable for
restoration using pilot scale translocation
experiments

U9: Define conditions favourable for M.
modiolus in Strangford Lough

U10: Map the suitability of current condition
for M. modiolus in Strangford Lough

4. Potential intervention strategies: to

restore the Strangford Lough M.
modiolus biogenic reef feature to
O0FavouQoanbsleer vat i on

U11: Translocate M. modiolus and monitor
recovery

U12: Investigate ways to increase provision
of suitable substrata for spat settlement

U13: Culture M. modiolus for reseeding

As information and experience developed during the course of the project it was

necessary to make slight changes to the methodology proposed in the tender to

deliver undertakings listed above; these are documented in the relevant sections

below. Some minor regrouping of the undertakings has also been made to improve

clarity.
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The report provides the rationale and objectives of the project followed by a series of

technical reports detailing the main findings:

1. Introduction: Background; Rationale; Objectives (this Section)

TECHNICAL REPORTS

2. Changes in the distribution, density and condition of M. modiolus reefs in
Strangford Lough (Undertakings 1, 2 and 7)

3. Temporal trends in M. modiolus communities in Strangford Lough
(Undertakings 4 & 5)

4. Potential for natural recovery of M. modiolus communities in Strangford Lough
(Undertaking 6)

5. ldentifying suitable sites for restoration: habitat suitability modelling for M.
modiolus in Strangford Lough (Undertakings 9 & 10)

6. Intervention (Undertakings 11, 12 & 13)

7. Projection for recovery of (Undedakiog8y abl e Co

8. Recommendations (Undertaking 3)
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1.2 Background
1.2.1 Strangford Lough

Covering over 15000 ha Strangford Lough is the largest sea inlet in Britain and
Ireland. It has a narrow inlet from the Irish Sea which has resulted in a unique
hydrography. This unique hydrography, together with its glacial origin, has created a
wide range of habitats supporting a high diversity of marine communities with more
than 2000 recorded species (Environment and Heritage Service 2001).

Strangford Lough was designated as Northern Ireland's first Marine Nature Reserve
and has been identified as a pilot Marine Protected Area (MPA) (Cork 2006).

It is listed as a NATURA 2000 area [UK0016618] (JNCC 2011). A key feature in this

designation is the presence of biogenic reefs including Modiolus modiolus reefs.

1.2.2 The importance of bivalve biogenic reefs

Complex habitats in the marine environment, such as sea-grass beds, coral reefs
and other invertebrate biogenic reefs support high biodiversity (Cranfield et al. 2004;
Holt et al. 1998), which provide important ecosystem services. Oysters and mussels
in particular provide a wide range of ecological services such as seston filtration,
benthic-pelagic coupling, feeding and structural habitat for mobile species as well as
hard surfaces for attachment of sessile species (Coen et al. 2007) and stabilising the
seabed (Jones 1952; Rees 2009). When such habitats are compromised these
features and services are reduced or lost and may either recover slowly or not at all
without intervention.

Biogenic reefs formed by bivalves such as oysters are one of the most
endangered habitats on earth; on a global scale it is estimated that up to 85% of
oyster reefs have been lost since the 19™ century as a result of overfishing and
coastal degradation and many may be functionally extinct (Beck et al. 2009). Most
studies on impacted oyster reefs to date, including those on habitat restoration
(Cranfield et al. 2004; Trimble et al. 2009) have focused on commercial aspects.
However, there is an increasing awareness that it is essential to take an ecosystem
approach to ensure that fisheries are managed sustainably in a way that protects
habitats and conserves biodiversity in the marine environment (Beck et al. 2009;
Palumbi et al. 2009).
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Mussels, the second major reef-building bivalve taxon after oysters, also support
high biodiversity because they increase habitat complexity (Koivisto and Westerbom
2010). Species such as Mytilus californianus can form biogenic structures up to
40cm deep (Seed & Suchanek 1992); the horse mussel (Modiolus modiolus) can
develop a complex undulating topography with amplitudes over 1m in the UK (Rees
et al. 2008) and up to 3m in the Bay of Fundy (Wildish et al. 1998). In addition,
complex biogenic reefs including both oysters (Ostrea chilensis) and mussels
(Modiolus areolatus) have been reported from conditions of strong tidal currents in
the Foveaux Strait, New Zealand (Cranfield et al. 2004 and references therein).

The horse mussel (Figure 1.1) is a widely distributed boreal species, which can
grow up to 200mm and may live up to 100 years old (Anwar et al. 1990; Harvey-
Tyler 2007). M. modiolus communities occur from the low intertidal (Davenport &
Kjarsvik 1982) to over 100m depth (Tendel & Dinesen 2005). Mair et al. (2000)
categorized literature dealing with different aspects of the biology of M. modiolus.

M. modious can be regarded as a Okeystoned or
habitat types currently recognized in Europe (EUNIS 2011; Connor et al. 2004; Rees
2009):

1. Modiolus modiolus beds with hydroids and red seaweeds on tide-swept
circalittoral mixed substrata (EUNIS Code: A5.621; JNCC 04.05 code:
SS.SBR.SMus.ModT)

2. Modiolus modiolus beds on open coast circalittoral mixed sediment (EUNIS
Code:A5.622; JINCC 04.05 code: SS.SBR.SMus.ModMx)

3. Modiolus modiolus beds with fine hydroids and large solitary ascidians on
very sheltered circalittoral mixed substrata (EUNIS Code: A5.623; JNCC
04.05 code: SS.SBR.SMus.ModHAS)

4. Modiolus modiolus beds with Chlamys varia, sponges, hydroids and
bryozoans on slightly tide-swept very sheltered circalittoral mixed substrata
(EUNIS Code: A5.624; JNCC 04.05 code: SS.SBR.SMus.ModCvar)
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Figure 1.1 The horse mussel, Modiolus modiolus.
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1.3 Rationale

Modiolus modiolus has been documented in Strangford Lough since the mid-
nineteenth century and was known to form widely distributed beds or reefs in the
Lough in the 1970s. The first attempts to map the full extent of these beds were
conducted in the 1990s by which time it was evident that some of the beds had
already been significantly impacted by trawling (Service and Magorrian 1997).

Up to three of the known M. modiolus biotopes occur in Strangford Lough (Roberts
et al. 2004): EUNIS Codes A5.621; A5.623; A5.624. One of these habitat types
(A5.624) was included, because of its relative rareness, as one of the key features
listed as a selection feature under Annex 1 of the Habitats Directive in the
designation of the Lough in 2002 as a Special Area of Conservation (SAC) (JNCC
2011). EUNIS habitat type A5.624 occurs on mixed substrata in very sheltered
slightly tide-swept conditions and is characterised by Chlamys varia, sponges,
hydroids and bryozoans on M. modiolus beds with (JNCC 04.05 biotope code:
SS.SBR.SMus.ModCvar).

Following concerns raised by various Non-Governmental Organisations (NGOs) and
others that the designated feature (A5.624) was not in favourable conservation
status, the Department of the Environment (DoE) commissioned the Strangford
Lough Ecological Change Investigation (SLECI) in 2003 to investigate ecological
changes in the Lough. A major element of this broader study was to investigate both
the current status of M. modiolus biogenic reefs and identify probable causes of their
decline. SLECI reported a severe decline in the reefs with reference to surveys
carried out in the 1970s and 1980s and confirmed that the reefs were not in
favourable conservation status (Roberts et al. 2004). An interim report by SLECI in
November 2003 identified trawling as the single most likely cause of reef decline. As
a result, the Department of Agriculture and Rural Development (DARD) introduced a
total ban on all mobile fishing gear within Strangford Lough in December 2003. This
ban is still in place.

In 2004, following formal complaints (2003/5272 & 2004/4112) to the European
Commission, the UK government became exposed to a very serious risk of infraction
for breaches of Articles 2 and 6 of the Habitats Directive. At that time government
stated that @ppropriate regulatory action under Article 6.2 of the Habitats
Directive has been undertaken in an attempt to prevent deterioration of the
Modiolus reefs6éand undertook do comply with obligation in Article 2.2 of the
directive to restore the Modiolus reefs to favourable conservation statusa

The Strangford Lough Management Scheme 2005-2010Environment and Heritage
Service 2001) identified actions required by the competent authorities, the
Departments of the Environment (DOE) and Agriculture and Rural Development
(DARD), to address the restoration of Modiolus Biogenic Reefs in Strangford Lough.
Consequently, DOE and DARD approved The Strangford Lough M. modiolus
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http://www.jncc.gov.uk/ProtectedSites/SACselection

biogenic reef restoration plan (MRP) (Anon 2005). The purpose of the MRP is to
establish mechanisms whereby the Competent Authorities within Northern Ireland
might attempt to restore Strangford Lough Special Area of Conservation (SAC) to
Favourable Conservation Status (FCS). The MRP aimed to ensure maximum
protection for the remaining reefs and sites where M. modiolus had recently been
recorded, while monitoring the rate of natural recovery over a five-year period. The
plan also aimed to pilot potential intervention techniques that would be needed if
natural recovery was not occurring.

The plan identifies three prime objectives:

A T hskeort term objectives are:

1 to identify, map and introduce total protection for the remaining M.
modiolus biogenic reef sites within 1 year of adoption of this plan:
damaged biogenic reefs will also be identified and protected from
further damage

1 to assess whether conditions in appropriate areas within Strangford
Lough are currently favourable for restoration using pilot scale
translocation experiments
The medium term objective is:
1 to show, using appropriate reference and control sites, evidence of
recovery of the M. modiolusbi ogeni c reef feature towar

Condi ti on, Recoveringéd within 5 years of

The long-term objective is:

1 to restore the Strangford Lough M. modiolus biogenic reef feature to

6Favourable Conseovation Statusb©o
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TECHNICAL REPORTS
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2.0 Changes in the distribution, density and condition of
Modiolus modiolus communities in Strangford Lough
(Undertakings 1, 2 and 7)

2.1 Summary

1 Until the mid 1970s M. modiolus was found extensively throughout Strangford

Lough.

1 This study aimed to identify areas of M. modiolus beds and assess the
changes in their distribution, density, and condition in Strangford Lough since
the 1970s.

1 The current survey found that M. modiolus beds have declined substantially in

distribution, extent, condition and density.

1 M. modiolus beds can now be found in an area between Castle island to
Gransha Point in the north and I sland Ta
Beds considered in good condition can be found at Craigyouran and west of
Round Island Pinnacle; however, in other areas the beds are fragmented and

patchy.
1 The most substantial losses in the distribution and density of M. modiolus
beds occurred between 1980 and 1990 but the decline in the distribution and

density of M. modiolus beds has continued in some areas.

1 The present data suggest that at the current rate of decline, M. modiolus

could be become regionally extinct in Strangford Lough without intervention.
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2.2 Introduction

M. modiolus is a long lived marine bivalve found in a wide range of habitats and
locations throughout the UK (Rees 2009). Although M. modiolus is a widespread and
common species, horse mussel bemhd aréd enlye a wi t
found in a limited number of locations (Rees 2009). M. modiolus beds consist of the
mussels themselves and the accumulation of shell and faecal deposits (Sanderson
et al. 2008; Rees et al. 2008). Mapping and monitoring the distribution and densities
of M. modiolus beds is crucial for drawing conclusions about their population trends
and conservation status.

Previous efforts to map the distribution and monitor the densities of M. modiolus in
Strangford Lough have included diver-based surveys (Roberts 1975; Erwin et al.
1986; Brown 1989; Erwin et al. 1990;; Roberts et al. 2004), and surveys involving
remotely operated vehicles (Service 1990; Service 1998) and Acoustic Ground
Discriminate Systems (AGDS) (Service and Magorrian 1997; Magorrian and Service
1998; Magorrian et al. 1995; Mitchell & Service 2003; Roberts et al. 2004). Where
possible these surveys were used to determine the historical distribution and
condition of M. modiolus communities.

The aim of this part of the project was to document temporal trends in the extent
and condition of M. modiolus communities in Strangford Lough.

Specific objectives were to:

1 Map areas of remaining good M. modiolus communities. (Undertaking 1)
1 Identify areas of poor M. modiolus communities. (Undertaking 2)
91 Identify changes in the distribution of good and poor M. modiolus

communities. (Undertaking 7)

35



2.3 Methods

2.3.1 Remotely Operated Vehicle surveys (2008-2010)

The broad-scale mapping of the distribution of live and dead M. modiolus in
Strangford Lough involved the use of a Remotely Operated Vehicle (ROV;
VideoRay® Fig. 2.1), which was deployed at 276 sites between 2008 to 2010
(Appendix 2).

Figure 2.1 VideoRay® Remotely Operated Vehicle.

Sites surveyed were selected using a grid baseline overlaid on admiralty chart data
for Strangford Lough. This survey was extended to include a higher resolution
investigation of the seabed within and around current and historical M. modiolus
beds at five sites only (Long Sheelah, Hadd Rock, Black Rocks, Round Island
Pinnacle and Craigyouran).

At each survey site, the ROV was flown for 5 minutes on a weighted tether 9 m
long, in a circle (approximate circumference 55 m). The presence, condition and

clump size of live and dead M. modiolus, associated epifauna and substratum type
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was recorded in the field. In the laboratory, the footage was carefully inspected by
two members of staff to augment the field notes. Because the ROV has a very
limited field of view and operators are unable to examine mussels in detail, dives
were conducted at 105 sites to ground truth these data (see section 2.3.2 below for

details).

2.3.2 Dive surveys (2008-2010)

To ground truth the ROV surveys, dives were conducted at 105 sites, selected
randomly to cover a wide range of sites in both the north and south basins (Appendix
3). Divers recorded the presence, condition (section 2.2.5.1) and clump size of live
and dead M. modiolus at the beginning and end of each dive.

To monitor the densities of M. modiolus through time the divers collected all
mussels from replicated 0.25 x 0.25 m quadrats, at four sites. These sites Bird Island
Passage (n = 3), Brown Rocks (n = 8), Long Sheelah (n = 12), and west of Round
Island Pinnacle (n = 8), (fig. 2.2) were chosen based on historical samples (Roberts
1975; Erwin et al. 1990; Roberts et al. 2004).
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Figure 2.2 Location of the 0.25 x 0.25 m removal quadrat sites in the historical sites
(Bird Island Passage, Black Rocks, Long Sheelah and Round Island Pinnacle) in
Strangford Lough.

2.3.3 Ultra Short Baseline acoustic surveys (2008-2010)

To map the boundary of the M. modiolus communities, two divers equipped with
SCOUT® USBL (Ultra Short Baseline) acoustic referencing systems (Sonardyne
Ltd.) swam the edges of M. modiolus communities, using DPV (Diver Propulsion
Vehicles). The USBL system provides an accurate positioning for the divers, which
when integrated with a dGPS string, compass/transducer heading and PC can be
imported into ArcGIS.

Two divers entered the water at a designated USBL point and travelled using
DPVG6s wunt il &. modiotus bpdheidge avds ffoend. The divers advised top-
side on commencement of the bed mapping. The divers travelled the bed edge using

compass directions to maintain a zig-zag search pattern (fig 2.3). The zig-zag pattern
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means that divers are actually doing oblique transects across the boundary, hence
providing the divers absolute certainty that the boundary has been found. A 5m
length was set for each leg of the zig-zag pattern. The divers advised top-side each
time the bed edge was passed during the travel. Top-side plotted a way-point on the

advice of the divers.

USBL plotted way-points

/

,

Divers path of travel M. modiolus bed edge

Figure 2.3 Search pattern followed by divers during the DPV mapping of M.

modiolus bed boundaries.

Following the boundaries of clumped M. modiolus proved to be too difficult. It was
apparent that clumped and damaged M. modiolus were not at all distinct but actually
formed very subtle gradients between fairly small areas of clumped areas, and this
methodology was deemed to be unsuitable and not used after these scoping

attempts were carried out in 2008.

2.3.4 Historical records (1954-2007)

In order to judge the change in the extent of and damage to M. modiolus
communities, it was important to document as accurately as possible all historic
records of M. modiolus and its associated assemblages. All historical records were
collated from those held by the Centre for Environmental Data Recording (CEDaR),
the National Biodiversity Network Gateway (NBNC), Northern Ireland Agri-Food and
Biosciences Institute (AFBI), Northern Ireland Environment Agency (NIEA), the
Ulster Museum and other published literature. These data were imported into a geo-

referenced database in ArcGIS. Data included:

1 The dive surveys conducted by Roberts (1975)
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The dive surveys conducted by Seed & Brown (1977; 1978)
The dive surveys (1973 to 1977) conducted by the Ulster Museum (Erwin
1986)

1 The Northern Ireland Sublittoral Survey (NISS; 1982-1985) conducted by the
Ulster Museum (Erwin et al. 1990)

1 The dive and grabs surveys (1989-2007) conducted by the Ulster Museum
(Brown 1989, Nunn 1994)

1 The ROV, grabs and video surveys (1990 to 2003) conducted by AFBI
(Service 1990, Magorrian 1995, Magorrian & Service 1998)
The dive and grabs surveys (1997 onwards) conducted by NIEA
The Strangford Lough Ecological Change Investigation dive and video
surveys conducted by Queens University, AFBI, and the Ulster Museum
(Roberts et al. 2004)

1 The Sublittoral Survey of Northern Ireland dive surveys (2007) conducted by
the Ulster Museum and NIEA

The dredging surveys by Williams (1954) and AGDS surveys by Magorrian et al.
(1995), Mitchell & Service (2003) and Roberts et al. (2004) were also collected for
the geo-referenced GIS database. However, these records were not used in the
subsequent analyses because of methodological difficulties in identifying M.
modiolus beds using the AGDS (Magorrian & Service 1998; Mitchell & Service 2003;
Roberts et al. 2004) and the limited number records in the dredging surveys
(Williams 1954).
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2.3.5 Analyses

2.3.5.1 Distribution and condition of M. modiolus communities

All historical and current surveys of Strangford Lough were converted to
presence/absence records of live M. modiolus, percentage cover of dead M.
modiolus and condition of M. modiolus communities, and biotope types. The
condition of M. modiolus communities was defined using dive descriptions and
SACFOR categories (as per JNCC website) for historical data and counts for the
current project (table 2.1). The percentage cover of dead M. modiolus was also
estimated for the current project (table 2.2). The historical and current
presences/absence records of live M. modiolus and condition of M. modiolus
communities, the biotope types and the current percentage cover of dead M.
modiolus were then plotted onto maps using ARCGIS v9.2 (ESRI, California, USA).

Table 2.1 Definitions used to assign conditions to live M. modiolus communities

using historical and current surveys. These colour codes are depicted on figure 2.5

M. modiolus condition Grade

Continuous clumps (> 5 Ind. clump™) or > 1 clump m, super

abundant, abundant, dense, continuous, bed, thick, frequent 1

Discrete clumps (> 3 Ind. clump™) < 1 clump m? , frequent,

occasional, patchy, damaged, clumps 2

2

Present (07 3 Ind. clump ™) < 1 clump m ?, rare, present 3

Absent 4
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Table 2.2 Definitions used to assign categories to percentage cover of dead M.
modiolus in the current surveys. These colour codes are depicted on figure 2.6.

Categories of dead M. modiolus

Continuous coverage (> 70%) 1
40 - 70% 2
20 - 40% 3
0 - 20% 4

2.3.5.2 Predicted trends in M. modiolus populations

Historical surveys were largely based on different sampling scales and replication
and thus cannot be used definitively to establish the distribution and extent of M.
modiolusi n Strangford Lough at a single point
likely historical distribution all records, including current records of M. modiolus were
added cumulatively to the earliest records of the species. This methodology adopts
the approach used by Wilson and Roberts (2011) to establish historical distribution
patterns of Margaritifera margaritifera in the UK and Ireland, and is based on the
assumption that M. modiolus is a long lived sessile species that is highly unlikely to
colonise a new site in a short period of time. In addition, the survey effort for M.
modiolus in Strangford Lough has increased through time, and any apparent decline
in this species is unlikely to be caused by under recording. The number of 0.5 km
grid squares occupied by M. modiolus was then plotted against time.

Further to the distributional data, changes in the density of M. modiolus through
time from 0.25 x 0.25 m removal quadrats were also plotted. These data were
obtained from four sites in Strangford Lough (Bird Island Passage, Black Rocks,

Long Sheelah, and Round Island Pinnacle) from surveys between 1975 and 2010.
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2.4 Results

2.4.1 Distribution of M. modiolus

Historically, M. modiolus was found extensively throughout Strangford Lough (fig.
2.4a). The present study (2008-2010) shows that the distribution of M. modiolus in
the Lough is much less extensive than it was previously (fig. 2.4b & 2.7). M.
modiolus beds with C. varia, sponges, hydroids and bryozoans (Biotope code
SS.SBR.SMus.ModCvar) historically recorded from the northern part of the Lough
(fig. 2.5¢), are now reduced to a very small area around Long Sheelah. M. modiolus
beds with hydroids and large solitary ascidians (Biotope code
SS.SBR.SMus.ModHAs) and M. modiolus beds with hydroids and red seaweeds on
(Biotope code SS.SBR.SMus.ModT) historically recorded from the southern part of
the Lough (fig. 2.5¢c) are now reduced to four main areas: Black/Brown rocks,

Craigyouran, Selk Rocks and Round Island Pinnacle.
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Figure 2.4a The historic distribution of M. modiolus in Strangford Lough, Northern

Ireland. Open circles represent negative records, solid circles represent positive

records.
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Figure 2.4b The current (2008-2010) distribution of M. modiolus in Strangford
Lough, Northern Ireland. Open circles represent negative records, solid circles
represent positive records.
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Figure 2.4c. Projected hindcast of the historical distribution of M. modiolus biotopes

in Strangford Lough based on data sources listed in section 2.3.4.
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2.4.2 Condition of M. modiolus communities

Hi storically, Mo oadioldsécomemonities, donsisting of continuous
clumps, were found widely in Strangford Lough (fig. 2.5a). The current survey found
that such good condition communities are now restricted to two remaining areas
Craigyouran and west of Round Island Pinnacle (fig. 2.5b). The M. modiolus
communities at Long Sheelah, Black Rocks and Selk Rock are no longer in good
condition (category 2, table 2.1). The remaining M. modiolus communities in other
areas have become increasingly fragmented or have disappeared (fig. 2.5a, fig
2.5b).
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Figure 2.5a Historic (1975-2007) condition of M. modiolus communities in Strangford Lough. Each

colour code represents the condition of M. modiolus communities, where 1) red = continuous clumps,

2) orange = discrete clumps, 3) yellow = present and 4) green = absent.
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Figure 2.5b The current (2008-2010) condition of M. modiolus communities in Strangford Lough,

Northern Ireland. Each colour code represents the condition of M. modiolus communities, where 1)

red = continuous clumps, 2) orange = discrete clumps, 3) yellow = present and 4) green = absent.
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2.3.3 Percentage cover of dead M. modiolus

The current survey found that dead M. modiolus can be found extensively throughout
Strangford Lough (fig. 2.6). In both the historic and current sites the cover of dead M.
modiolus ranged between 20-70%.The cover of dead M. modiolus was highest in
sites with living M. modiolus in the centre of the Lough and lowest in the historical
sites (fig. 2.6). The presence of dead M. modiolus can be used to indicate its

historical range and potential sites for restoration.
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Figure 2.6 The current (2008-2010) percentage of dead M. modiolus in Strangford Lough, Northern
Ireland. Each condition code represents the percentage cover of dead M. modiolus, where 1) red = >

70% cover, 2) orange = 40-70% cover, 3) yellow 20-40% cover, and 4) green = 0-20% cover.
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2.3.4 Historical trends in M. modiolus distribution and densities in

Strangford Lough

The distribution (based on occurrence in 0.5 km grid squares) and the densities of M.
modiolus (mussel m? at selected sites) in Strangford Lough have substantially
declined through time (fig. 2.4, 2.7 & 2.8). There appears to have been a major
decline in distribution in the mid 1970s followed by a continuing gradual decline
between 1975 and 1995. Between 1985 and 1995 the distributional extent of M.
modiolus in Strangford Lough declined by over 50%. Distributional records showed
little changes between 1993 and 2003 and a slight decline between 2003 and 2010.
Although densities were not recorded at the same sites over time, density data were
available for four sites at different dates (fig. 2.8). Densities at these sites declined
substantially between 1975 and 2003 and further until 2010 (fig. 2.8).
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Figure 2.7 Rate of decline of M. modiolus distribution through time. Historical trends
were derived by hindcasting each data set to the previous earlier records showing a
wider distribution. This approach is based on the assumption that a record at a site
at any time forms part of its historical range (Wilson and Roberts 2011) and
generates the plateaus seen in the plot. Dots represent the number of 0.5 km grid

squares occupied by M. modiolus.
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Figure 2.8 The changes in the mean (£ SE) number of M. modiolus from 1970 to
2010 (years) at four sites (Bird Island Passage, Black Rocks, Long Sheelah and
West Round Island Passage) in Strangford Lough. The number of quadrats varied
through time (1975 n =17, 2003 n = 26, 2010 n = 30).

2.4 Discussion

M. modiolus beds in Strangford Lough are well documented (Brown 1977; Brown
1984; Seed & Brown 1977; Erwin et al. 1990; Magorrian & Service 1995; Roberts et
al. 2004). In the mid 1970s M. modiolus beds were found extensively throughout
Strangford Lough (Erwin 1970; Erwin et al. 1986; Erwin et al. 1990). These beds
were recorded at depths between 10 and 40 m, with an average number of 134
individuals per m?, and were either continuous (50% cover m™) or aggregated into
(3-6 discrete clumps m™).

The current research confirms previous reports (Roberts et al. 2004) that the M.
modiolus communities have declined extensively in distribution, density and
condition in Strangford Lough. The most dramatic loss was between the 1980s and
906s, when over 50 %, mssiblyas @ resdleotttawlinggmpact c ur r e c

(Service and Magorrian 1997). Current populations of M. modiolus are largely
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confined to the centre of Strangford Lough. The average number of M. modiolus has
now declined to 3.8 individuals per m?, which aggregate to form 1-2 discrete clumps
m™. The present data suggest that at the current rate of decline, this species could
become regionally extinct in Strangford Lough without intervention.

M. modiolus beds can be divided into several community types or biotopes
(Connor et al. 2004). At least three of these biotopes are found in Strangford Lough
(fig. 2.4c; fig. 5.1). The current research suggests that the M. modiolus beds in the
Northern basin (SS.SBR.SMus.ModCvar biotope) are now confined to the Long
Sheelah area, and are no longer in good condition. Beds of the M. modiolus biotopes
SS.SBR.SMus.ModHAs and SS.SBR.SMus.ModT in the Southern basin are reduced
to four main areas: Black Rock, Craigyouran, Selk Rock, and Round Island Pinnacle.
The Black Rock and Selk Rock areas are also not in good condition. Surveys carried
out by MRRG suggest that the M. modiolus beds in Round Island Pinnacle and
Craigyouran, although not in pristine condition when compared with other U.K. beds,
probably represent the best remaining M. modiolus communities in the Lough.

M. modiolus has been defined as a key indicator species in a number of long term
studies on the impacts of mobile fisheries both in the UK and Canada (Bradshaw et
al. 2002; Kenchington et al. 2007). The results from our research and side scan
sonar surveys in Strangford Lough in the 1990s suggested that the M. modiolus
beds in the Northern basin were extensively damaged through trawling and dredging
for queen scallops (Aequipecten opercularis) (Service and Magorrian 1997;
Magorrian & Service 1998). These fisheries commenced in the early 1900s but
peaked in activity throughout the mid 1980s to late 1990s (Roberts et al. 2004).
Impacts of mobile fishing gear include death or damage of individuals through
contact with the gear, or direct removal, fragmentation of clumps resulting in
increased risk of predation (Veale et al. 2000; Kenchington et al. 2007). Video
surveys were used by Service and Magorrian (1997) to categorise the impact of
trawling on M. modiolus communities in Strangford Lough on a scale from 1 (intact
M. modiolus communities showing no impact of trawling) to 5 (heavily impacted).
Using this method trawling impact was evident in over 80% and 70% of the areas
surveyed in 1990 and 1993 respectively (Service and Magorrian 1997). The
categories described by Service and Magorrian (1997) were developed further in
Magorrian and Service (1998) who reported separation of habitat types using cluster

and detrended correspondence analysis. The current study focused on documenting
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separately the distribution of areas of different categories of live and dead M.
modiolus where natural recovery might be predicted in the medium to longer term.
Mobile fisheries in Strangford Lough were banned in December 2003. As early as
1997, Service and Magorrian had pointed out that such management of fishing
would give the opportunity to assess recovery of areas impacted by mobile benthic
fishing gear. The current study found no evidence of recovery of M. modiolus
communities. The remaining M. modiolus populations are extensively fragmented in
many areas and still face a number of threats which could limit or prevent their
recovery. These include increases in the temperature due to global climate change,
eutrophication through agricultural inputs, disease and an increase in the intensity of
pot fishing. The current research suggests that M. modiolus populations are still

declining in some areas and further intervention is required.

2.5 Conclusions

The current research has confirmed that M. modiolus beds in Strangford Lough
remain much reduced in extent, density, and condition and suggest that the decline
has not been halted by previous intervention methods. The present study indicates
that the M. modiolus communities at Black Rocks, Long Sheelah and Selk Rock
beds remain in poor condition whereas those at Craigyouran and Round Island
Pinnacle are in good condition. Because M. modiolus is a long-lived species long-
term protection and intervention are required. It is also essential that an annual
monitoring programme is established to record the presence, condition and density

M. modiolus at predetermined locations.
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30Small-scal e tempor al and spat.i

and O Monodidlus reefs (Undertakings 4 and 5)

3.1 Summary

1 This part of the study aimed to monitor short-term trends in 6 go o d 6
Opoor 6 dodods modiolus in communities Strangford Lough to
determine whether they are improving or deteriorating over time.

1 Monitoring included both photography of 0.5 x 0.5 quadrats and total
removal sampling using 10 cm diameter cores.

1 Analysis of in situ counts and photoquadrats revealed significantly higher
density of M. modiolus, and its associated fauna in the good relative to the
poor condition sites.

1 Analysis of photo-quadrats revealed a significantly higher density of M.
modiolus and its associated fauna in the good and poor condition sites in
the north basin than either site in the south basin.

1 Analysis of cores revealed no clear trends in mean number and
abundances of species in good and poor sites in either basin.

1 non-metric multidimensional scaling (nMDS) analyses of photo-quadrats
and cores revealed greater change in poor communities than good
communities in both basins.

1 There were no detectable changes in the density of M. modiolus or its
associated fauna in the good or poor condition sites through time.

1 This part of the study suggests that short-term monitoring is of limited
value in following temporal trends because there are significant
interactions and that future monitoring should be carried out no more

frequently than annually to minimise this variability.

56

a l

and



3.2 Introduction

Modiolus modiolus communities are species rich (Holt et al. 1998; Roberts et al.
2004; Rees et al. 2008; Sanderson et al. 2008) and have a limited distribution in the
UK (Holt et al. 1998). These communities are comprised of the mussels themselves,
the epifauna attached to the mussels, infauna in the interconnecting byssal network,
and in biogenic sediments generated by the mussels, vagile epifauna and predators
(Roberts 1975; Brown 1989). Because of their high biodiversity (Roberts 1975; Mair
et al. 2000; Roberts et al. 2004; Moore et al. 2006; Rees et al. 2008; Sanderson et
al. 2008) Modiolus communities have been identified as important features in Special
Areas of Conservation and as a priority habitat by the Oslo Paris Commission
(OSPAR). However, some M. modiolus beds have been degraded or destroyed by
mobile fishing gear (Service & Magorrian 1997; Veale et al. 2001; Roberts et al.
2004).

The M. modiolus beds in Strangford Lough, Northern Ireland have a high diversity
of associated fauna (>270 taxa) (Roberts 1975; Erwin et al. 1990; Roberts et al.
2004). Three M. modiolus biotopes are found in Strangford Lough (Section 2.4).
Surveys in the 19906s aM dodlds®medd m Steangiprgl e st e d
Lough were extensively damaged by mobile fishing gear, particularly in the northern
basin (Service & Magorrian 1997; Roberts et al. 2004). To address this problem the
Department of Agriculture and Rural Development of Northern Ireland (DARD)
introduced a ban on the use of mobile fishing gear in Strangford Lough in 2004.

The aim of this part of the project was to monitor the temporal trends in @oodbéand
doordcondition M. modiolus sites (fig. 3.1) in the north and south basins after the

introduction of the ban.

Specific objectives were to:
1 Monitor the temporal trends in d@ood6é condition M. modiolus reefs.
(Undertaking 4)
1 Assess the potential for natural recovery within poor condition M. modiolus

reefs. (Undertaking 5)
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Figure 3.1 Photographs of (A) north poor condition site (B), north good condition site

(©), south poor condition site and (D) south good condition site from January 2010.

3.3 Methods

3.3.1 Site characteristics

Photographic and core samples were used to monitor short-term temporal trends in
good and poor condition M. modiolus communities, in the north and south basin of
Strangford Lough. The sites chosen for the surveys in the north basin were north
east of Long Sheelah and for the south basin the area east of Black Rocks (fig. 3.2).

For the purposes o fooddcbhneitiop M. emodiotus reesstward 'y 6 g
defined as sites with O 5% adnd doorddontiticn IMs , and
modiolus reefs were defined as sites with < 5 individuals, and < 1 clump m™
Locating the good condition M. modiolus sites proved very difficult and time
consuming and hence sampling times differed at the survey sites (see section 3.3.2.
below for details). Because of the patchy nature of the M. modiolus communities,
quadrats without live individuals of M. modiolus but within its historical range in the
good and poor condition sites were also monitored during the surveys. Sites were

characterised by soft substrata with varying proportions of shell fragments. The
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sampling was conducted at 20-28 metres depth. During the survey period the sea
surface temperature, salinity and turbidity varied between 3 - 18° C, 26 - 34 PSU
(Practical Salinity Units) and 0 - 0.8 FTU (Formazin Turbidity Unit ) respectively in
the northern basin (AFBI Station ID SL0O3) (AFBI 2011).

Figure 3.2 Location of the good and poor condition sites in the north basin and south
basins in Strangford Lough. é6 Godécondition, north basin: NG; g@oordcondition, north

basin: NP, @oodbdcondition, south basin: SG and ¢poorécondition, south basin: SP.

Figure 3.2 The sites chosen for the surveys in the north basin were north east of
Long Sheelah and for the south basin the area east of Black Rocks. NG = north good

site; NP = north poor site; SG = south good site; SP = south poor site.
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3.3.2 Sampling strategy

At each survey site, permanent markers were established using surface and sub-
surface buoys. A 30 x 30 m area around these markers was sampled, using a
randomly generated table of fin kicks and compass bearings. The divers were guided
from the buoys to these positions using through water communications and the
Sonardyne Ultra Shortwave Baseline Location (USBL) beacon relay.

Monitoring of the sites involved both non-destructive sampling using photo

guadrats and removal sampling using cores.

3.3.3 Monitoring of M. modiolus and epifauna: in situ counts and photo

quadrats

To sample the macro-epifauna at each survey site divers took 15 replicate overhead
photographs of 0.5 x 0.5 m quadrats using a Nikon D60, Nikkor 12-24 mm lens and 2
x lkelite D125 strobes and where possible oblique photographs were also taken. The
numbers of live adult M. modiolus ( © 5 ineach quadrat were then counted in
situ. The macrofauna present were identified from notes in the field and photo
analyses in the laboratory. All photo analyses were checked by a second observer.
The good condition, north basin; poor condition, north basin; and poor condition
south basin; were surveyed on four occasions, (June 2008, January 2009, June
2009, January 2010), and the good condition, south basin site was surveyed on

three occasions (January 2009, June 2009, January 2010).

3.3.4 Monitoring of M. modiolus epifauna, crevice and sediment

infauna: core sampling

To sample the epifauna and crevice and sediment infauna, divers hammered a
plastic corer of 10 cm diameter, 10-15 cm into the sediment, in the centre of the 0.5 x
0.5 m quadrat. The contents of the core were carefully transferred into a plastic bag.
All samples were returned to the laboratory, washed, sieved (1 mm mesh), identified
and counted. Fifteen core samples were taken from all sites surveyed in January

2009 and from good and poor condition sites in the north basin in June 2009.
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However, due to time constraints, the number of replicates was reduced to 10 core

samples in the good and poor condition south basin sites in June 2009.

3.3.5 Analyses

The changes in the density of M. modiolus and the number and abundances of
species in the good and poor condition reefs through time were analysed using 3-
way ANOVAs. The model included the main effects of condition (fixed, 2 levels =
good and poor), basin (fixed, 2 levels = north basin and south basin) and time (fixed,
4 levels = June 08, January 09, June 09 and January 10 months for photographs or
2 levels = January 09 and June 09 months for cores). Boxcox plots were used to
determine the appropriate transformation to stabilize variances, and transformed
data were checked for both normality (using normal probability plots) and
homoscedasticity. Variables that were transformed are expressed in terms of the
untransformed variable Y. All univariate statistical analyses and graphics and
multivariate graphics were produced using the R statistical software (www.R-
project.org). The changes in benthic community structure in the good and poor
condition sites through time were analysed using a 3-way PERMANOVA calculated
from a Bray-Curtis similarity matrix based on species presence/absence. These data
were plotted using non-metric multidimensional scaling (nMDS) ordinations. Where
significant differences were found, similarity percentage (SIMPER) analyses were
used to see which taxa contributed the most to the dissimilarity. All multivariate
statistical analyses were undertaken using the Primer 6.0 software with the
PERMANOVA extension (Clarke & Warwick 2001; Anderson et al. 2008).

3.4 Results

3.4.1 Density of M. modiolus

The average density (0.0625 m™) of M. modiolus was significantly higher in the good
condition sites than the poor condition sites through time (table 3.1& fig. 3.3). The
average density of M. modiolus was higher in the good and poor condition north
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Mean number of M. modiolus (+ SE)

basin sites than either south basin site through time (table 3.1& fig. 3.3). There were
no detectable differences in the densities of M. modiolus through time (table 3.1& fig.
3.3).

Table 3.1 Results of 3-way ANOVA testing the effect of condition and area on the
density of M. modiolus through time from in situ counts (n = 15) in Strangford Lough.

Significant p-values are shown in bold.

Factors df | Mean squares |f-value | p-value
Condition 1 215.88 435.12 <0.001
Basin 1 22.86 46.4 <0.001
Time 3 0.77 1.56 >0.05
Condition x Basin 1 6.36 12.92 <0.001
Condition x Time 1 1.18 2.39 >0.05
Basin x Time 3 0.70 1.43 >0.05
Condition x Time x Basin | 3 0.14 0.29 >0.05
Error 42 10.49
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Figure 3.3 Mean density (+SE) of M. modiolus through time (months) based on in
situ counts (n = 15) in 0.25 x 0.25 m quadrats (n = 15). Codes are: GN = good
condition, north basin; PN = poor condition, north basin; GS = good condition, south
basin; PS = poor condition, south basin.
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3.4.2 Photo quadrat monitoring of epifauna

In total 25 epifaunal species were identified from the photo quadrat analysis and field
notes. There were significant differences in epifaunal species composition between
communities in the good and poor sites, between the north and south basins, and
through time (table 3.2 and fig. 3.4). The nMDS plot showed that the epifauna in the
good condition sites in both the north and south basins and in the poor condition site
in the north remained relatively stable through time. In contrast, the epifauna in the
poor condition site in the south basin showed no predictable patterns through time
(fig. 3.4)

Table 3.2 Results of 3-way PERMANOVA testing the differences in the macrofauna
community structure between good and poor sites, in the north and south basin and
through time using 0.5 x 0.5 m photo queadrats (n=15). Significant p-values are

shown in bold.

Factors df Mean squares | f-value | p-value
Condition 1 25098 20.565 | 0.001
Basin 1 36565 58.026 | 0.001
Time 3 11362 9.310 0.001
Condition x Basin 1 9474.7 7.764 0.001
Condition x Time 3 7597.8 6.226 0.001
Basin x Time 3 868.74 0.712 >0.05
Condition x Time x Basin | 3 2383.5 3.7825 0.014
Error 153 | 630.14
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Figure 3.4. A) nMDS ordination of the temporal changes in epifauna recorded in 0.5
x 0.5 m photo quadrats in good and poor M. modiolus reefs (n = 15) in Strangford
Lough, Northern Ireland. Codes are: upright green triangles (1) = June 08, downward
dark blue triangles (2) = January 09, light blue squares (3) = June 09, red diamonds
(4) = January 10; GN = good condition, north basin; PN = poor condition, north
basin; GS = good condition, south basin; PS = poor condition, south basin. The
analysis is based on a Bray-Curtis matrix of presence/absence data. Sites from the
poor condition sites show greatest spread on this nMDS plot. The encircled area in
the centre of the plot contains the tightly clumped good condition sites. The cloud
has been expanded and is represented in image B); Codes are: upright green
triangles = north basin; downward blue triangles = south basin; (1) = June 08, (2) =
January 09, (3) = June 09, (4) = January 10. The analysis is based on a Bray-Curtis
matrix of presence/absence data.
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SIMPER analysis showed that 6 species contributed most to the differences
observed between good and poor sites in the north and south basins (table 3.3). The
north and south basin good condition sites were characterised by a high frequency of
occurrence of Antedon bifida, Ophiocomina nigra, and Thyone spp. relative to the
poor condition site (table 3.3). There was higher frequency of occurrence of all
macrofauna in both the good and poor condition sites in the north basin than either

site in the south basin (table 3.3).

Table 3.3 SIMPER analyses showing the macro-epifauna species contributing to
70% of the dissimilarity within and between the good and poor condition sites in the
north and south basins of Strangford Lough, using 0.5 x 0.5 m photo quadrats (n =
15).

North basin: Good Poor Cumulative
Good vs Poor condition condition condition (%)
Average similarity = 55.48 Average Average

frequency of | frequency

occurrence of

occurrence

Modiolus modiolus 0.97 0.53 18.47
Ophiocomina nigra 0.69 0.63 34.33
Antedon bifida 0.69 0.82 49.70
Ascidiella aspersa 0.29 0.07 63.47
Crisia spp. 0.25 0.07 63.47
Thyone spp. 0.20 0.10 70.19
South basin: Good Poor Cumulative
Good vs. Poor condition condition (%)
Average dissimilarity = 72.72 Average Average

frequency of | frequency

occurrence of

occurrence

Modiolus modiolus 0.85 0.38 32.67
Antedon bifida 0.39 0.32 47.62
Ophiocomina nigra 0.39 0.32 61.10
Ascidiella aspersa 0.24 0.05 66.80

Mean numbers of epifauna recorded in photo quadrats showed significant
differences between good and poor sites, between the north and south basins and
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through time (table 3.4 and fig. 3.5). In general the mean number of epifaunal
species in the good and poor M. modiolus reefs was higher in the north basin than
either site the south basin (fig. 3.5).

Table 3.4 Results of 3-way ANOVA testing the differences in the number of
macrofauna in good and poor sites in the north and south basin through time in
Strangford Lough, using photoquadrats (n = 15). Significant p-values are shown in
bold.

o
I

Factors df Mean squares | f-value p-value
Condition 1 5.678 21.389 <0.001
Basin 1 44,213 166.555 | <0.001
Time 3 3.260 12.281 <0.001
Condition x Basin 1 4.175 15.723 <0.001
Condition x Time 3 0.785 2.846 > 0.05
Basin x Time 3 1.624 6.118 <0.001
Condition x Time x Area | 3 0.365 1.376 >0.05
Error 210 | 0.265
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Figure 3.5 Mean (£SE) numbers of epifaunal species through time (months) based
on 0.5 x 0. 5 m photo quadrats (n = 15). Codes are: GN = good condition, north
basin; PN = poor condition, north basin; GS = good condition, south basin; PS = poor

condition, south basin.
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3.4.3 Core sampling

The nMDS plot of M. modiolus communities sampled by coring suggested little
temporal change in communities in good sites in both the north and south basins and
in those from poor sites in the north basin (fig. 3.6). In contrast, the fauna in the
cores in the poor M. modiolus beds in the south showed a distinctive shift in MDS
space after 6 months (fig. 3.6) which is reflected in significant effects of time and

time-related interaction (Table 3.5).

Transform: Square root
Resemblance: S17 Bray Curtis similarity
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Figure 3.6 nMDS ordination of the temporal trends in good and poor sites in the
north (n = 15, n = 15), and south basin (n = 15, n = 10) in Strangford Lough,
Northern Ireland. Codes are: upright triangles GN = good condition, north basin;
downward triangles PN = poor condition, north basin; circles GS = good condition,
south basin; diamonds PS = poor condition, south basin, January 09 = blue, June 09
= green. The analysis is based on a Bray-Curtis matrix of square root transformed

count data.
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Table 3.5 Results of PERMANOVA testing the differences in the fauna community
structure between good and poor sites, in the north (n = 15, n = 15) and south (n =
15, n = 10) basin and through time using cores. Significant p-values are shown in
bold.

Factors df Mean squares | f-value | p-value
Condition 1 43062 2.280 >0.05
Basin 1 45931 3.144 >0.05
Time 1 15333 8.809 0.001
Basin x Area 1 16004 1.437 >0.05
Condition x Time 1 18885 10.85 0.001
Basin x Time 1 14612 8.395 0.001
Condition x Time x Basin | 1 11136 6.398 0.001
Error 101 | 1740.6

SIMPER analyses showed that 21 species contributed to the differences between
good and poor sites in the north and south basin and most of these species were
infaunal (table 3.6). The north good condition site was characterised by a high
abundances of Pisidia longicornis, Modiolus modiolus, Abra alba and Ophiothrix
fragilis relative to the poor condition site (table 3.7). In contrast, the good condition
south site also had a higher abundance of M. modiolus but lower abundance of P.
longicornis, Thoralus cranchii and A. alba relative to the poor condition site (table
3.6).
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Table 3.6 SIMPER analyses showing the species contributing to 70% of the
dissimilarity within and between good and poor M. modiolus communities sampled
by coring in the north (n =15, n = 15) and south (n =15, n = 10) basins through time,
Strangford Lough.

North basin Good Good Cumulative
Good vs. Poor Average Average (%)
Average similarity = 68.53 abundance similarity
Pisidia longicornis 4.94 2.11 17.43
Modiolus modiolus 151 0.08 25.07
Abra alba 1.75 0.68 32.40
Ophiothrix fragilis 1.57 0 39.69
Nucula nucleus/sulcata 1.95 2.22 46.60
Antedon bifida 0.15 0.84 51.05
Lepidonotus squamatus 0.83 0.34 55.07
Ophiocomina nigra 0.57 0.38 58.43
Venerupis senegalensis 0.56 0.42 61.58
Pomatoceros spp. 0.44 0.28 64.12
Tapes (=Venerupis) rhomboides 0.40 0.22 66.53
Pherusa plumose 0.42 0.22 68.78
Ascidiella aspersa 0.38 0 70.86
South Good Poor Cumulative
Good vs. Poor condition condition (%)
Average similarity = 90.16 Average Average

frequency of | similarity

occurrence
Modiolus modiolus 1.70 0.03 11.34
Thoralus cranchii 0 2.23 22.20
Pisidia longicornis 0.74 1.05 30.69
Abra alba 1.00 0.23 36.19
Crisia denticulate 0.83 0.07 41.63
Nucula nucleus/sulcata 0 0.56 50.34
Boreotrophon truncates 0 0.77 54.04
Sthenelais boa 0.51 0.27 57.72
Pherusa plumose 0.51 0.21 61.27
Nephtys incise 0.49 0.18 64.50
Harmothoe spp. 0.33 0.25 67.67
Pomatoceros spp. 0 0.37 69.37
Tapes (=Venerupis) rhomboides 0.15 0.14 71.56

In total, 79 species were recorded in the core samples. Species numbers and
abundances were highly variable and showed no clear patterns. Overall there were

significant differences between the numbers and abundances of species in core-
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samples from good and poor sites, from the north and south basins, and the different
sampling times (fig. 3.7 and table 3.7).

The mean numbers of species in both the good and poor condition sites in the
north basin were lower in June 2009 than in January 2009, (fig. 3.7). In contrast, the
mean numbers of species in both the good and poor condition sites in the south
basin were lower in January 2009 than in June 2009 (fig. 3.7). These differences

could partly be explained by the high spatial seasonal variability in infaunal species.
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Figure 3.7 Mean number (xSE) of fauna in good and poor condition sites in north (n
=15, n =15) and south basins (n =15, n =10) in cores through time (months). Codes
are: GN = good condition, north basin; PN = poor condition, north basin; GS = good

condition, south basin; PS = poor condition, south basin.
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Table 3.7 Results of 3-way ANOVA testing the differences in the number of fauna in
cores in good and poor M. modiolus reefs in the north (n =15, n =15) and south basin
(n =15, n =10) through time in Strangford Lough. Significant p-values are shown in
bold.

Factors df Mean squares | f-value p-value
Condition 1 4.1532 17.8990 | <0.001
Basin 1 1.9298 8.3167 <0.001
Time 1 0.2086 0.8988 >0.05
Condition x Basin 1 0.8068 3.4771 >0.05
Condition x Time 1 0.1321 0.5693 >0.05
Basin x Time 1 7.1427 30.7826 | <0.001
Condition x Time x Basin | 1 0.0066 0.0284 >0.05
Error 101 | 0.2320

There was a significantly lower mean abundance of species in poor condition sites in
the north basin and the good and poor condition sites in the south was lower in
January 2009 than in June 2009, (fig. 3.8 and table 3.8). In contrast, the mean
abundances of species were significantly higher in the poor condition site in the north
in June 2009 than January 2009 (fig. 3.8 and table 3.8).
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Figure 3.8 Mean abundances (+ SE) of fauna in cores in good and poor condition
sites in the north (n = 15, n = 15) and south basins (n =15, n = 10) through time
(months). Codes are: GN = good condition, north basin; PN = poor condition, north

basin; GS = good condition, south basin; PS = poor condition, south basin.
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Table 3.8 Results of 3-way ANOVA testing the differences in the abundances of
fauna in cores in good and poor M. modiolus reefs in the north (n =15, n = 15), and
south (n =15, n = 10) basin through time in Strangford Lough. Significant p-values

are shown in bold.

Factors df Mean squares | f-value p-value
Condition 1 4.1532 17.8990 | >0.001
Basin 1 1.9298 8.3167 0.004
Time 1 0.2086 0.8988 >0.05
Condition x Basin 1 0.8068 3.4771 > 0.05
Condition x Time 1 0.1321 0.5693 >0.05
Basin x Time 1 7.1427 30.7826 | <0.001
Condition x Time x Basin | 1 0.0066 0.0284 >0.05
Error 101 | 0.2320

3.5 Discussion

The present study showed sites with a higher abundance of Modiolus modiolus had
a higher abundance of associated macrofauna. This agrees with other studies of M.
modiolus communities (biotopes SS.SBR.SMus.Mod.Car, SS.SBR.SMus.ModHAs
and SS.SBR.SMus.ModT) in Scotland and Wales (Holt et al. 1998, Rees et al. 2008,
Sanderson et al. 2008). Species associated with the M. modiolus communities
included, epifaunal species Antedon bifida; Ophiocomina nigra; Obelia spp.; Thyone
spp. and T. drummondii; Crisia spp.; and Alcyonium digitatum and infaunal species
Abra alba and Mysella bidentata (Holt et al. 1998; Rees et al. 2008; Sanderson et al.
2008).

The present study revealed substantial differences between both the taxa
recorded and temporal differences identified using photoquadrat and core samples.
Photoquadrats confirmed that good condition sites had a higher abundance of M.
modiolus and associated macrofauna than poor sites. In contrast, to there were no
predictable differences between the epifauna and crevice and sediment infauna

taxon between good and poor condition sites in the cores. These results suggest that
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the structure of M. modiolus clumps can have very different influences on epifauna
and infauna.

Like other studies on M. modiolus communities (Rees et al. 2008; Sanderson et
al. 2008) the present study found high spatial and temporal variability in the fauna
recorded from photoquadrats and cores. In general, good condition sites remained
much more stable through time relative to poor condition sites. The poor condition
site in the south basin, which had the lowest density of M. modiolus and mean
number of epifaunal species, showed the greatest variability in community structure
through time. The variation in fauna probably reflects the high variation in the
differences between samples with and without M. modiolus clumps within the plots.

Epifaunal diversity was significantly higher in the north than in the south basin.
This difference reflects differences between M. modiolus biotopes,
SS.SBR.SMus.ModCvar in the north is characteristically more species rich than and
SS.SBR.SMus.ModHAs and SS.SBR.SMus.ModT in the south. These differences
reflect environmental differences between the two basins (Roberts et al. 2004).

The number of macrofaunal taxa recorded in the present study using photo
guadrats was similar to that reported by Magorrian and Service (1998). The major
difference was the complete absence of Chlamys varia and Aequipecten opercularis
and the lower abundances of Alcyonium digitatum in our photographs compared with
those taken in previous surveys by Erwin et al. (1986) and Magorrian & Service
(1998). These differences indicate that the impacted communities, even at the better
sites, have not yet fully recovered.

During the present study there were no detectable changes in the densities of M.
modiolus or its associated fauna in either good or poor condition sites which
suggests that temporal monitoring during this project has not been carried out long
enough for changes to be picked up. Studies on Modiolus communities in New
Zealand and Canada suggest they may take decades to recovery from
anthropogenic impacts (Cranfield et al. 2004; Kenchington et al. 2007). To better
understand natural recovery rates and species succession in M. modiolus
communities future monitoring should be carried out on targeted sites and no more

frequently than at annual intervals, to minimise seasonal variability.
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4.0 Potential for natural recovery of M. modiolus

communities (Undertaking 6)

4.1 Summary

1 In 2003, the Modiolus modiolus communities in Strangford Lough were
surveyed in various historical sites in the north and south basins to sample the
M. modiolus with Chlamys varia, biotope (code SS.SBR.SMus.ModCvar) and
the M. modiolus with hydroids biotope(SS.SBR.SMus.ModHAS) in the north
and south basins respectively. Samples were compared using dive and video
transects and by detailed analysis of samples removed from 0.25x0.25m
guadrats.

1 In this part of the current project surveys were repeated in 2010 using the
same methodology and at the same sites, as far as was possible, to
determine the long term potential for natural recovery of M. modiolus
communities.

1 In the north basin sites there have been further declines in the density and
frequency of occurrence of M. modiolus, relative to 2003 surveys.

1 In the south basin there have been further declines in the density of M.
modiolus, but increases in the frequency of occurrence of M. modiolus
suggesting greater fragmentation of the biotope, relative to 2003 surveys.

1T There was a decrease in the mean number
P i e b diverséity indices between 2003 and 2010 in the north basin.

1 There was an increase in the mean number of species but no clear

di fferences i n Shannonos and Pi el oubds di

2010 in the south basin.
1 This part of the study suggests that the biotope in the north basin continues to
decline in condition, whereas the biotope in the south basin appears to show

increased fragmentation although some good condition sites remain.
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4.2 Introduction

In the 1950s, M. modiolus was reported to be &écommonly dredged
l ocalities i1 n the L oMgnodolugcdmmunhitiesaim3rangf@dd 4 ) . T
Lough were first described in the early 1970s and 1980s (Roberts 1975; Erwin
1986). Surveys and removal sampling during this time identified two main
communities, Modiolus modiolus with Chlamys varia, sponges, hydroids and
bryozoans biotope (code SS.SBR.SMus.ModCvar) in the north basin with 90
associated species (Brown and Seed, 1977; Erwin et al. 1990) and M. modiolus with
hydroids and large solitary ascidians in the south basin (SS.SBR.SMus.ModHAS),
with 84 associated species (Roberts 1975; Erwin et al. 1990). The focus of these
surveys was to document the dominant species on the M. modiolus communities in
Strangford Lough (Roberts 1975;) and to map their distribution (Erwin et al. 1990).

Side scan sonar surveys in the 1990s suggested that M. modiolus communities in
Strangford Lough had been damaged by mobile fishing gear (Magorrian et al. 1995;
Service and Magorrian 1997; Magorrian and Service 1998). However, surveys and
removal sampling of M. modiolus communities in 2003 recorded higher numbers of
species in the SS.SBR.SMus.ModCvar biotope than previous surveys and similar
numbers on the SS.SBR.SMus.ModHAs biotope.(Roberts 1975; Roberts et al.
2004). These differences are likely to be explained by a number of factors including
improved taxonomic skills, and increased sampling effort. The use of mobile fishing
gear in Strangford Lough was banned by DARD in 2003. Because the decline in the
distribution and density of M. modiolus has continued in some areas (Section 2) and
communities showed no clear short-term trends (Section 3) the current frequency of
occurrence and density of M. modiolus and species composition of M. modiolus
biotopes was compared with those recorded in 2003 during the Strangford Lough
Environmental Change Investigation (SLECI). t During the current project, surveys
were repeated at the same sites sampled by SLECI in 2003. Data were also
compared with surveys undertaken in 2007 at other sites by NIEA and the Ulster
Museum. It was considered that this gave the greatest opportunity to pick up
potential recovery of M. modiolus communities after introduction of the trawling ban

introduced in December 2003.
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The aim of this part of the project was to assess the potential for natural recovery
of impacted M. modiolus communities in Strangford Lough by comparing data from
MRRG surveys with those reported in SLECI (Roberts et al. 2004). Specific objective

were to:

1 Investigate changes in the frequency of occurrence of M. modiolus between
2003 and 2010, using video surveys.

1 Investigate changes in community structure in M. modiolus biotopes, between
2003 and 2007, using video surveys.

1 Investigated changes in the density of mussels and community structure in M.

modiolus biotopes between 2003 and 2010, using removal quadrat sampling.

4.3 Methods

Survey methods included non-destructive video and photo-transects and removal

sampling.

4.3.1 Transect surveys 1T Changes in frequency of occurrence of M.
modiolus between 2003 and 2010

In 2010, 100 m transect surveys were undertaken by divers to monitor the temporal
changes in the frequency of occurrence of M. modiolus. The surveys were
conducted at 10 sites previously surveyed in 2003 (Roberts et al. 2004; fig. 4.1):
Green 1 sl and, Janeds Rock, south Hadd
rock 3, north west Long Sheel ah, Scot
Pinnacle and Slave Rock (fig. 4.1). At each site, a lead line transect rope was
deployed using concrete blocks and shot lines. Two divers descended the shotline;
one diver took notes on presence and absence of live M. modiolus at 5 m intervals
along the transect, while the other diver took photographs. All photos were viewed by
a minimum of two observers to ensure consistency of species identification and
estimates of abundances. Due to differences in methodology these surveys of
epifauna were only used to make in situ observations. Three replicates were taken at

each site in 2010; in 2003 surveys were not replicated. This was essentially the

77

Rock

t 6s

H



same sampling strategy used in 2003 except that the current surveys involved
greater replication.
4.3.2 Transect surveys i Changes in M. modiolus abundance and

communities between 2003 and 2007

In 2007, 100 m transect surveys were undertaken to monitor the abundances of M.
modiolus and the epifauna at the following 7 sites: Green Island (n =1in 2003, n =1
in 2007), Jna=nleim 2003,Mo=clkn 2007), south Hadd Rock (n = 1 in
2003, n = 2 in 2007), north west Long Sheelah (n = 4 in 2003, n = 2 in 2007), north
west Long Sheelah (n =1 in 2003, n = 1 in 2007), Black Rocks (n =51in 2003 n = 3
in 2007) and west Round Island Pinnacle (n = 3 in 2003, n = 1 in 2007) (fig. 4.1). For
each survey, 1 diver recorded the presence of epifaunal species while the other diver
videoed the dive. These videos were used to determine the abundance of species
using the SACFOR scale (JNCC 1990). The number of surveys was n = 18 in 2003

and n = 11 in 2007, see specific details above.
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Island Pinnacle, and Slave Rock Strangford Lough. Sites were originally surveyed in
SLECI 2003 and in 2007 by NIEA and the Ulster Museum.
4.3.3 Removal quadrats T Changes in M. modiolus densities and

communities between 2003 and 2010

To investigate changes in the densities of M. modiolus and community structure in
M. modiolus biotopes, 2 divers collected all mussels and underlying sediment
samples from 5 randomly thrown 0.5 x 0.5 m quadrats in M. modiolus communities,
at 4 sites: south Hadd Rock, north west Long Sheelah, Black Rocks and west Round
Island Pinnacle (fig. 4.2). These sites were chosen based on sites sampled in 2003
(fig. 4.2, Roberts et al. 2004) and to include both SS.SBR.SMus.ModCvar and
SS.SBR.SMus.ModT) biotopes.

All samples were collected by shovelling the mussels and sediment (~100 mm
depth) into 1 mm mesh bags. These bags were sent to the surface using lift bags
and transported to the laboratory in seawater. At the laboratory, the samples were
fixed in 4% formalin for 48h, after which they were washed through a 1mm sieve.
Fauna were sorted into major phyla and preserved in 70% ethanol. All taxa were
identified to species level where possible and counted. All these samples have been
retained as a voucher <collection which wi

they can be accessioned to the Ulster Museum collections.
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Figure 4.2 Location of the removal quadrats at south Hadd Rock, north east Long
Sheelah, Black Rocks and west of Round Island Pinnacle in Strangford Lough

surveyed during the present study.

4.3.4 Analyses

4.3.4.1 Transect surveys 1 Changes in frequency of occurrence of M. modiolus
between 2003 and 2010

The presence live M. modiolus at 5 m intervals were converted to percentage

occurrence of mussels along the 100 m transects. Differences in frequency of

occurrence of M. modiolus between 2003 and 2010 were analysed using a 2-way

ANOVA. The model included the main effects of time (fixed, 2 levels = 2003 and

2010) , and site (fixed, 10 |l evels = Green |
south Hadd Rock 2, south Hadd rock 3, north west Long Sheelah, Scott 6 s Hol e
Black Rocks, west Round Island Pinnacle and Slave Rock).
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4.3.4.2 Transect surveys i Changes in community structure in M.
modiolus biotopes between 2003 and 2007

The SACFOR estimates of M. modiolus and epifaunal abundances along the 100 m
transect were converted to numbers using the mean from the JNCC SACFOR
tables. These data were log;o(x+1) transformed to minimise the errors introduced by
estimating abundances. Changes in the mean abundances and number of epifaunal
taxa were analysed using 2-way ANOVAs. The model included the main effects of
time (fixed, 2 levels = 2003 and 2007) and site (fixed, 2 levels = north basin
SS.SBR.SMus.ModCvar and south basin SS.SBR.SMus.ModHAS). The changes in
the epifaunal communities through time were analysed using PERMANOVA (model
details above) calculated from a Bray-Curtis similarity matrix. All rare species found
in < 1% of the samples were excluded from the analyses, and all species difficult to
identify were pooled to the level of genera. These data were plotted using non-metric
multidimensional scaling (nMDS) ordinations. Where significant differences were
found similarity percentage (SIMPER) analyses were used to see which taxa

contributed the most to the dissimilarity.

4.3.4.3 Removal quadrats i Changes in M. modiolus densities and
communities between 2003 and 2010

Differences in the density of M. modiolus, and number of epifauna and crevice and
sediment infauna taxon at different sampling times were analysed using 2-way
ANOVAs. The model included the main effects of time (fixed, 2 levels = 2003 and
2010), and sites (fixed, 4 levels = south Hadd Rock, north west Long Sheelah, Black
Rocks and west Round Island Pinnacle). Changes in the epifauna, crevice and
sediment infauna through time were analysed using PERMANOVA (model details
above) calculated from a Bray-Curtis similarity matrix based on species
presence/absence data. All rare species found in < 1% of the samples were
excluded from the analyses and all species difficult to identify in the field were pooled
to the level of genera. These data were plotted using non-metric multidimensional
scaling (nMDS) ordinations. Where significant differences were found similarity

percentage (SIMPER) analyses were used to see which taxa contributed the most to
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the dissimilarity. All multivariate statistical analyses were undertaken using the
Primer 6.0 software with the PERMANOVA extension (Clarke & Warwick 2001,
Anderson et al. 2008).

For all univariate analyses, boxcox plots were used to determine the appropriate
transformation to stabilize variances, and transformed data were checked for both
normality (using normal probability plots) and homoscedasticity (homogeneous
variance). Variables that were transformed are expressed in terms of the
untransformed variable Y. All univariate statistical analyses and graphics were
produced using the R statistical software (www.R-project.org). All multivariate
statistical analyses and graphics were undertaken using the Primer 6.0 software with
the PERMANOVA extension (Clarke & Warwick 2001; Anderson et al. 2008).

4.4 Results

4.4.1 Transect surveys 1T Changes in frequency of occurrence of M.
modiolus between 2003 and 2010

Of the 10 sites surveyed, there was a significant decline in the frequency of

occurrence of M. modiolus between 2003 and 2010 at 6 sites, south Hadd Rock 1,

south Hadd Rock 2, south Hadd Rock 3, north
Green Island between 2003 and 2010 (fig. 4.3 and table 4.1). At 2 sites, Brown Rock

and west Round Island Pinnacle there was an increase in the frequency of

occurrence of M. modiolus between 2003 and 2010 (fig. 4.3 and table 4.1). At the 2
remaining sites, Janeds Rock and S| aere Rock
date (fig. 4.3 and table 4.1).

Table 4.1 Results of 2-way ANOVA testing the changes in the frequency of
occurrence of M. modiolus between 2003 (n = 1) and 2010 (n = 3) at 10 sites in

Strangford Lough. Significant p-values are shown in bold.

Factors df | Mean Square |f-value | p-value
Time 1 59.895 18.734 | <0.001
Site 8 90.323 28.251 | <0.001
Time x Site | 8 12.641 3.954 <0.001
Error 18 | 3.197
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Figure 4.3 Changes in the mean (x SE) frequency of occurrence of M. modiolus at
10 sites in Strangford Lough between 2003 (n =1) and 2010 (n = 3).
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