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The	INTERREG	Programme	has	been	designed	to	address	problems	which	arise	
from	the	existence	of	borders	across	the	European	Union,	including	the	efficient	
management	of	the	environment.	Since	the	three	jurisdictions	of	the	INTERREG	IVA	
Programme	share	habitats	and	marine	resources,	cross-border	cooperation	is	essential	in	
order	to	gain	an	increased	understanding	of	and	to	preserve	our	precious	marine	life	for	
generations	to	come.

With	partners	in	Northern	Ireland,	Ireland	and	Scotland,	the	IBIS	Project	is	a	prime	
example	of	the	benefits	of	cross-border	cooperation	in	this	regard.	This	aquatic	resource	
management	project	also	makes	a	significant	contribution	to	the	region’s	responsibilities	
under	the	Water	Framework	Directive	and	the	Habitats	Directive.

I	applaud	the	work	which	the	IBIS	team	have	done	in	assisting	environmentally	
sustainable	economic	development	and	am	confident	that	their	valuable	research	findings	
will	have	a	positive	impact	on	environmental	policy	and	the	protection	of	our	marine	life	in	
the	future.

Pat	Colgan

Chief	Executive	

Special	EU	Programmes	Body

Foreword
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70 Years of Research Supporting Marine and Freshwater Management 

Everyone	who	lives	in	Scotland	or	on	the	island	of	Ireland	lives	close	to	water.	The	
maximum	distance	to	the	sea	for	anyone	in	this	region	is	a	mere	70	kilometres	but	there	
are	also	more	than	45,000	lakes	and	thousands	of	miles	of	rivers	and	streams	across	the	
three	jurisdictions.	

Not	only	do	we	have	lots	of	water,	but	our	seas,	rivers	and	lakes	represent	some	of	
the	very	best	of	these	habitat	types,	anywhere.	This	enormous	wealth	of	habitats	
supports	an	extraordinary	diversity	of	aquatic	plants	and	animals.	In	the	region,	we	
have	a	disproportionately	high	number	of	conservation	designations	for	our	aquatic	
environments,	their	plants	and	their	animals.	Our	waters	are	not	just	locally	or	nationally	
important,	they	are	of	true	international	conservation	significance.

That	our	seas,	rivers	and	lakes	frame	the	landscapes	of	the	region	is	without	doubt.	It	is	
easier	to	forget	that	they	have	also	shaped	our	cultural	heritage.	All	of	the	major	cities	in	
the	region	were	founded	on	and	around	rivers,	ensuring	access	to	the	sea.	For	better	or	
worse,	our	historically	high	economic	dependence	on	industries	associated	with	rivers	
and	seas,	although	less	than	it	once	was,	is	still	very	strong.

Our	complex	socio-ecological	dependence	on	aquatic	ecosystems	means	they	have	
been	heavily	altered	with	consequent	impacts	on	biodiversity	and	the	goods	and	services	
they	provide.	Although	our	aquatic	habitats	and	the	plants	and	animals	they	support	are	
outstanding,	we	also	exploit	the	resources	that	these	features	bring.	We	commercially	
harvest	many	species	of	fish,	shellfish	and	crustaceans	from	our	seas,	rivers	and	lakes;	
other	species	we	exploit	for	recreational	fishing.	We	abstract	water	from	rivers	for		
hydro-power	generation,	for	domestic	and	industrial	water	supplies	and	for	irrigation.	
We	use	our	fresh	and	coastal	waters	for	aquaculture	and	as	communication	routes;	they	
provide	us	with	resources	for	motorboat	cruising,	for	diving,	for	sailing	and	for	the	simple	
enjoyment	of	their	wonderful	landscapes.	

Our	abundant	aquatic	habitats	clearly	play	an	important	role	in	our	collective	commercial	
and	cultural	lives.	Exploitation	however	carries	with	it	risks	and	in	particular	the	risk	of	
damaging	the	very	resource	that	we	exploit.	Understanding	and	quantifying	the	nature	
of	these	risks	and	identifying	and	testing	management	and	policy	options	for	managing	
risk	has	to	be	at	the	heart	of	ensuring	that	these	wonderful	resources	are	protected	and	
passed	to	subsequent	generations.

In	2011,	three	organisations	-	the	Loughs	Agency,	Queen’s	University	Belfast	Marine	
Laboratory	and	the	University	of	Glasgow	Scottish	Centre	for	Ecology	and	the	
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Natural	Environment	-	came	together	to	develop	a	highly	ambitious	plan	to	improve	
our	understanding	of	aquatic	habitats	and	resources	in	our	region.	The	plan	involved	
communicating	existing	knowledge	and	best	practice	to	(and	with)	the	enormous	range	
of	agencies,	NGOs,	individuals	and	organisations	with	interests	in	managing	natural	
aquatic	systems.	The	plan	also	aimed	to	provide	training	for	practitioners	where	this	
was	thought	to	be	lacking.	However,	one	major	strand	of	this	plan	was	to	deliver	high	
quality,	international	standard	research	to	improve	the	evidence	base	upon	which	good	
management	is	built.	

One	of	the	greatest	strengths	of	the	project	has	been	the	close	collaboration	between	the	
partners	working	across	the	designated	area.	Another	has	been	the	added	value	gained	
as	a	result	of	research	students	working	with	and	receiving	practical	support	from	SMEs,	
agencies	and	NGOs.

Supported	by	an	award	from	the	EU	INTERREG	IVA	programme,	the	“Integrated	Aquatic	
Resources	Management	between	Ireland,	Northern	Ireland	and	Scotland”	(or	IBIS)	project	
was	born.

The	research	goal	for	IBIS	was	to	investigate	a	wide	range	of	topics	where	a	robust	
research	study	was	likely	to	inform	policy	or	management.	The	research	topics	came	from	
a	broad	range	of	organisations	and	individuals	who	gave	up	their	time	to	contribute	to	
developing	research	ideas	and,	in	many	cases,	to	help	direct	research	projects	once	they	
were	running.	

Ultimately	35	researchers,	working	on	38	separate	project	topics,	representing	70	person-
years	of	research	activity,	have	delivered	novel	data	supporting	the	future	management	of	
our	aquatic	resources.

Here,	we	provide	an	accessible	summary	of	this	research	activity	(some	of	this	work	is	not	
fully	complete	at	the	time	of	writing)	and	encourage	you	to	delve	deeper	into	our	research	
through	the	expanded	reports	available	online.	Many	studies	have	resulted	in	highly	
innovative,	exciting	and	valuable	insights	into	our	aquatic	environments,	the	plants	and	
animals	that	live	there	and	how	we	manage	them.	We	hope	you	agree.	

The	IBIS	team

March	2015

Integrated	Aquatic	Resources	Management	Between	Ireland,	Northern	Ireland	and	
Scotland.

A	notable	development	in	EU	funding	was	the	inclusion	of	Western	Scotland	in	the	
Interreg	IV	programme,	presenting	an	opportunity	to	promote	cooperation	between	
Scotland,	the	Republic	of	Ireland	and	Northern	Ireland.	

The	IBIS	project	grew	from	a	genuine	partnership	that	spanned	Northern	Ireland,	the	
Republic	of	Ireland	and	Scotland.	It	has	been	absolutely	cross-border	in	operation,	
management	and	implementation.	IBIS	neatly	encapsulates	the	intention	that	framed	the	
priorities	of	INTERREG	-	co-operation	for	a	more	prosperous	and	more	sustainable		
cross-border	region.	

Map of Study Area
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A	large	number	of	organisations,	businesses,	landowners	and	individuals	contributed	to	
the	success	of	the	IBIS	programme,	lending	assistance,	advice,	cooperation	and	support.	

Every	individual	that	helped	-	in	whatever	way	-	deserves	our	thanks!		

Some	of	the	organisations	are	mentioned	below.
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PROJECT	AIMS	

	 •		To	determine	the	space	use	by	eels	living	in	a	large	lake.

	 •	To	examine	the	migration	behaviour	of	eels	migrating	to	sea.

	 •	To	quantify	mortality	rates	during	sea	migration.

OUTCOMES

	 •		Two	forms	of	eel	were	identified	in	Lough	Finn	Co.	Donegal	that	differ	in	anatomy	
and	their	prey.	

	 •		Both	forms	move	relatively	short	distances	in	a	single	day	and	occupy	only	small	
areas	of	the	lake	over	a	period	of	weeks.

	 •		For	the	life	stage	migrating	to	sea,	migration	is	rapid	in	the	river	environment	but	
slows	in	the	estuary	and	sea	lough.

	 •		Mortality	rate	is	low	in	the	river	but	very	high	in	the	sea	lough	-	this	is	potentially	a	
significant	bottleneck	for	the	eel	population.

MANAGEMENT	TOOLS

	 •		This	study	identified	2	forms	of	eel	in	Lough	Finn,	Co.	Donegal	with	different	
management	needs	for	this	high	conservation	value	species.

	 •		The	very	significant	survivorship	bottleneck	for	eels	migrating	through	the	sea	lough	
is	an	area	where	positive	management	would	have	a	significant	effect.	

POLICY	DRIVERS	

	 •	EU	Eel	legislation	(EU	Council	Regulation	EC	No.	1100/2007).

	 •	EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	
BACKGROUND	

Following	a	period	of	very	rapid	decline	in	populations,	the	European	eel	is	now	of	very	
high	conservation	value	throughout	Europe.	Eels	have	a	highly	complex	life-cycle.	They	
breed	in	the	Sargasso	Sea,	migrate	as	larvae	across	the	Atlantic	entering	freshwater	
where	they	may	feed	for	between	7	and	50	years	before	migrating	back	out	to	sea	and	
across	the	Atlantic.	During	their	long	period	of	growth	we	know	that	they	occupy	a	wide	
range	of	habitats	including	lakes,	streams	and	rivers	as	well	as	estuaries	at	times.	We	also	
know	that	in	many	places	there	are	two	very	different	forms	of	eel	that	differ	in	anatomy	
and	in	the	prey	they	target.	Until	very	recently	we	have	not	had	the	technology	available	to	
be	able	to	study	how	fish	migrate	or	how	they	move	around	and	use	their	habitats.	There	
is	good	reason	for	thinking	that	fish	such	as	eels	might	be	particularly	vulnerable	during	
migration	but	this	has	never	been	quantified.	In	this	study	we	examine	the	use	of	space	
by	freshwater	lake	feeding	eels,	the	patterns	of	migration	of	eels	returning	to	sea;	and	
measure	the	mortality	rate	during	this	vulnerable	period	of	their	life	cycle.

	
RESEARCH	APPROACH

Movements of lake dwelling eels

Twenty	eels	comprising	individuals	that	specialised	on	feeding	on	fish	or	on	invertebrates	
were	tagged	with	individually	coded	acoustic	transmitters	and	released	into	Lough	Finn,	
Co.	Donegal.	Twenty	fixed	position	listening	stations	were	positioned	around	Lough	Finn	
such	that	any	transmitter	would	be	detectable	by	at	least	one	receiver	at	any	given	time.	
Fish	were	tracked	for	a	period	of	4	months.

Downstream migration

Twenty	eels	migrating	out	of	Lough	Finn	and	showing	the	characteristics	of	eels	migrating	
to	sea	were	also	tagged	with	acoustic	tags.	Fixed	listening	stations	along	the	River	Finn	
and	into	the	estuary	and	sea	lough	(Lough	Foyle)	were	placed	to	detect	fish	as	they	
migrated	out	to	the	open	ocean.
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	The	collapse	in	
European	eel	
recruitment:	
the	decline	in	
numbers	of	
juvenile	eels	
between	1955	and	
2000.

The	life	cycle	of	
the	European	eel.	

RESULTS

Eel movement patterns in Lough Finn

An	analysis	of	eel	anatomy	and	diet	in	Lough	Finn	shows	that	there	are	two	forms	that	
differ	in	head	shape	and	in	feeding	behaviour,	with	one	type	feeding	predominantly	on	
invertebrates,	the	other	on	fish.	Eel	activity	in	the	freshwater	lough	was	highly	dependent	
upon	light	with	generally	high	activity	at	dawn	and	dusk	and	during	periods	of	little	
or	no	moon	light.	Eels	on	average	did	not	make	long	distance	movements	over	short	
periods,	moving	only	around	70	m	per	day	and	using	only	0.3	km2	area	over	periods	of	
several	weeks.	Individual	eels	that	specialise	in	feeding	on	other	fish	moved	more	than	
invertebrate	feeders.

Sea migration and mortality of eels 

Eels	migrating	to	sea	showed	rapid	downstream	movement	of	about	39	km	per	day	in	the	
river	but	this	slowed	considerably	as	eels	entered	the	estuary	(to	a	tenth	of	this	speed)	
and	reduced	even	further	as	eels	entered	the	sea	lough.	Mortality	of	migrating	eels	in	
the	river	part	of	the	migration	was	low	with	only	5%	mortality,	this	increased	slightly	in	
the	estuary	to	11%	but	eels	migrating	through	the	sea	lough	showed	very	high	rates	of	
mortality	of	71%.	Thus	74%	of	eels	migrating	out	of	the	freshwater	lough	died	before	
reaching	the	open	sea.

©	Jack	Perks,	Glasgow
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POLICY	DRIVERS	

	 •	EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	 •		Directive	2000/60/EC	of	the	European	Parliament	and	of	the	Council	establishing	a	
framework	for	Community	action	in	the	field	of	water	policy.

BACKGROUND	

In-river	structures,	both	natural	and	artificial,	such	as	fords,	dams,	weirs	and	waterfalls	
can	have	major	impacts	on	fish,	preventing	free	movement	along	the	river.	In	England	and	
Wales	alone	there	are	approximately	25,000	in-river	obstructions,	many	of	which	require	
management	action	to	meet	objectives	set	by	the	EU	Water	Framework	Directive	and	EU	
Eel	Regulations.	Much	of	our	current	understanding	of	the	impacts	of	river	barriers	on	
the	freshwater	environment	has	originated	from	studies	of	large	barriers.	The	impact	of	
relatively	small	barriers	(<5	meters	height)	is	poorly	understood.	Yet	they	too	may	have	
serious	environmental	effects	and	implications	for	the	movement	of	fish	to	and	from	
spawning	and	feeding	grounds.	Atlantic	salmon	migrate	out	of	rivers	to	sea	(as	smolts)	to	
feed	for	1	or	more	years.	Barriers	to	seaward	migration	may	therefore	have	a	considerable	
effect	on	this	species.	Initial	studies	suggest	that	salmon	smolts	held	up	by	barriers	may	
be	subject	to	increased	levels	of	predation.	The	research	described	here	tests	the	impact	
of	multiple	low-head	barriers	on	smolt	migration,	speed	and	mortality.

	
RESEARCH	APPROACH

Sixty-eight	Atlantic	salmon	in	the	smolt	phase	of	their	life	cycle,	beginning	their	migration	
to	sea,	were	captured	in	the	upper	reaches	of	the	River	Foyle	catchment,	Ireland.	Fish	
were	captured	from	two	river	systems,	one	river	where	passage	downstream	would	
require	crossing	7	low-head	barriers	(River	Mourne)	and	a	second	river	of	similar	length	
and	size	with	no	man-made	barriers	to	migration	(River	Finn).	All	fish	were	tagged	with	
transmitters	emitting	a	unique	coded	acoustic	signal.	Fixed	position	receivers	were	
placed	at	strategic	positions	downstream	from	the	release	sites	in	both	rivers	and	through	
the	Foyle	estuary	and	sea	lough.	These	allowed	the	speed	of	movement	and	a	degree	of	
survivorship	of	migrating	smolts	to	be	measured.
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PROJECT	AIMS	

	 •		In	this	project	we	aimed	to	measure	the	impact	of	multiple	river	barriers	on	juvenile	
Atlantic	salmon	migrating	downstream	to	sea	in	the	smolt	stage	of	their	lifecycle.

	
OUTCOMES	

	 •		Downstream	migrating	salmon	smolts	did	not	take	longer	to	migrate	in	a	river	
impacted	by	multiple	low-head	in-stream	barriers	than	in	a	similar	river	without	
barriers.

	 •	Smolt	mortality	did	not	differ	between	rivers	during	years	regardless	of	river	flows.

	 •		Mortality	of	smolts	was	low	during	river	migration,	slightly	elevated	during	estuary	
migration	but	high	during	migration	through	the	sea	lough.

	
MANAGEMENT	TOOLS

	 •		This	project	indicates	that	the	impact	of	small	low-head	barriers	on	migration	speed	
and	mortality	in	smolts	may	be	relatively	limited	under	most	conditions.	

	 •		This	indicates	that	management	of	lowhead	barriers	specifically	for	smolts	may	not	
be	necessary.

	 •		Mortality	of	emigrating	smolts	in	the	coastal	sea	lough	was	very	high,	strongly	
pointing	to	this	part	of	smolt	lifecycle	as	critical	to	the	population.

	 •	The	origins	of	coastal	mortality	in	emigrating	smolts	need	urgent	examination.

The cumulative effect of multiple river 
barriers on the downstream migration of 
Atlantic salmon smolts
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A	map	of	the	study	site:	F	-	river	Finn	
(unimpacted),	M	-	river	Mourne	(impacted)	and	
the	locations	of	receivers,	barriers	and	smolt	
release	sites.

Survival	probability	decreases	(i.e.	mortality	
increases)	in	both	studied	rivers	as	smolts	
migrate	downstream.	F=freshwater,	
E=estuary,	M=marine.
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RESULTS

Barrier passability and migration delays

There	was	no	statistical	difference	in	the	speed	of	migration	of	smolts	in	the	river	
impacted	by	multiple	barriers	and	the	river	without	barriers	during	the	2	years	of	this	study	
despite	very	different	flow	conditions	in	these	years.	The	speed	of	migration	of	smolts	in	
both	rivers	was	strongly	affected	by	current	speed,	with	migration	speed	increasing	with	
river	discharge.	Mean	speeds	of	migration	ranged	from	around	7	to	19	km	per	day	in	the	
river,	estuary	and	sea	lough.

	
Smolt Mortality

Ninety-three	percent	of	smolts	survived	the	river	part	of	their	downstream	migration		
and	there	was	no	difference	in	mortality	rate	between	the	barrier-impacted	and	the		
un-impacted	river.	Mortality	increased	slightly	during	migration	through	the	estuary	with	
81%	smolts	surviving	this	phase.	However,	very	high	mortality	of	smolts	was	measured	in	
the	estuary,	with	only	18%	of	tagged	fish	successfully	making	the	migration	through	the	
sea	lough	into	the	open	ocean.

We	conclude	that	small	low-head	barriers	may	not	impact	smolts	during	their	downstream	
migration	as	severely	as	other	life	stages	of	this	species	or	other	fish	species.	But	we	
show	that	mortality,	possibly	as	a	result	of	predation	in	near-shore	coastal	habitats,	is	
significantly	reducing	smolt	migration	success.
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	 •		The	data	should	allow	improved	strategies	for	mitigating	any	negative	effects	and	
the	appropriate	siting	of	future	hydro-power	schemes.

	
POLICY	DRIVERS	

	 •		EC	Communication	-	A	Roadmap	for	moving	to	a	competitive	low	carbon	economy	
in	2050.

	 •	Climate	Change	(Scotland)	Act	2009.

	 •	National	Climate	Change	Strategy	(Ireland)	(2000).

	 •	Kyoto	Protocol	(1997).

	 •		Climate	Action	and	Low-Carbon	Development	National	Policy	Position	Ireland	
(2014).

	 •	Water	Framework	Directive	(EC	Council	Directive	2000/60/EC).

	 •	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	 •	Renewables	Directive	(EC	Council	Directive	2009/28/EC).

BACKGROUND	

Driven	by	international	commitments	on	climate	change,	most	EU	countries	have	set	
ambitious	targets	for	reducing	CO2	emissions.	To	achieve	these	targets,	newly	developed	
renewable	power	sources	are	now	burgeoning.	A	novel	technology	which	is	particularly	
suitable	for	such	applications	is	the	Archimedean	screw	turbine.	Since	it	can	generate	
efficiently	at	low	heads	and	can	be	easily	installed	at	existing	low-head	weirs	and	historic	
mill	locations,	it	has	become	a	common	choice	of	technology.	Although	the	emissions	
benefits,	economics	and	engineering	requirements	of	these	emerging	technologies	are	
well	understood,	their	potential	impacts	on	natural	aquatic	communities	are	not.	The	
possibility	for	such	hydropower	schemes	to	impact	on	wild	species	is	particularly	acute	
for	animals	that	migrate	upstream	or	downstream	to	reach	spawning,	feeding	or	over-
wintering	grounds.	One	such	species	is	the	family	of	fishes	which	include	the	Atlantic	
salmon,	brown	and	sea	trout	(collectively	salmonids).

The	research	project	described	here	attempts	to	detect	and	quantify	any	impacts	of	low	
head	hydropower	generation	on	migrating	salmonid	fish.	

	

Author:	Robert	Brackley

Supervisors:			Prof	Colin	Bean,	Dr	Rhian	Thomas,	Dr	Martyn	Lucas,	Dr	Alistair	Duguid,	
Prof	Colin	Adams

Acknowledgements:		The	Don	District	Salmon	Fishery	Board,	Scottish	Environment	
Protection	Agency,	Hydroshoal	Ltd,	Castle	Forbes	Estate,	The	
Tweed	Foundation,	Philiphaugh	Hydro	Ltd,	Semeil	Farm	and	
hydropower	scheme,	Kemnay	Angling	Club,	Loch	Lomond	
Fisheries	Trust,	River	Dee	Trust

Location	of	full	report:	http://www.loughs-agency.org/ibis/the-project/research

PROJECT	AIMS	

	 •		The	aim	of	this	project	is	to	determine	the	potential	for	low	head	hydro-power	
schemes	to	impact	on	fish	of	high	conservation	and	management	value.

	
OUTCOMES	

	 •		The	data	from	this	work	have	not	yet	been	fully	analysed	so	only	very	preliminary	
information	is	available	at	the	time	of	writing	but	outcomes	will	include:

	 •		An	assessment	of	the	behaviour	of	naturally	migrating	Atlantic	salmon	smolts	at	
a	low	head	hydropower	scheme,	with	particular	attention	to	passage	route	and	
residence	time	at	the	scheme.

	 •		An	experimental	test	of	the	potential	for	damage	to	downstream	migrating	juvenile	
salmonids	by	an	Archimedean	screw	hydropower	turbine.

	 •		An	examination	of	the	behaviour	of	adult	Atlantic	salmon	ascending	past	three	
hydropower	schemes	with	different	design	and	operational	regimes.

	
MANAGEMENT	TOOLS

	 •		This	project	will	provide	an	objective	and	empirical	assessment	of	any	possible	
interaction	between	migrating	salmon	and	trout	and	low	head	hydropower	schemes	
and	their	associated	fish	passage	facilities.

The effects of low head hydro-power 
schemes upon migrating salmonids
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salmon,	146	salmon	migrating	upstream	
were	captured	and	fitted	with	PIT	tags,	
and	82	of	these	also	fitted	with	radio	tags	
downstream	of	3	separate	Archimedean	
screw	turbines	on	the	rivers	Don	and	
Ettrick.	The	movements	of	these	fish	close	
to	the	turbine	and	fish	passage	facilities	
were	then	observed	using	fixed	radio	and	
PIT	detection	receivers.

Hydropower schemes

RESULTS

Migration of juvenile salmonids at a 
low-head Archimdean screw  
hydropower turbine

This	study	is	only	partly	completed,	
thus	at	the	time	of	writing	there	are	only	
limited	data	available.	

The	time	between	the	first	detection	
of	a	migrating	smolt	upstream	of	
the	turbine	and	its	last	detection	
downstream	of	the	turbine	was	very	
short	(less	than	30	minutes	in	the	
majority	of	cases),	indicating	that	the	
presence	of	the	turbine	is	not	delaying	
downstream	smolt	migration	under	the	
conditions	observed.

Of	all	the	radio	tagged	downstream	
migrating	smolts	detected	at	the	
turbine,	27%	passed	though	the	
Archimedes	turbine	rather	than	going	
over	an	adjacent	weir.

	

RESEARCH	APPROACH

This	project	adopted	a	number	of	different		
study	approaches	addressing	specific		
questions	related	to	the	interaction	between	
low	head	hydropower	generation	and	fish.

To	examine	the	behaviour	of	downstream	
migrating	juvenile	Atlantic	salmon	(smolts)	
and	brown	trout,	450	salmon	and	trout	were	
tagged	with	PIT-tags	(passive	integrated	
transponder),	28	of	these	fish	were	
also	tagged	with	a	radio	transmitting	
tag	in	the	River	Don,	Aberdeenshire,	
upstream	of	an	operational	Archimedean	
screw	turbine.	Fixed	position	radio	and	
PIT	receivers	were	placed	at	strategic	
positions	around	the	turbine	and	adjacent	
weir	to	enable	detection	of	migration	
behaviour	around	the	generating	station.	

To	investigate	the	potential	for	lethal	and	
non-lethal	physical	damage	to	fish	as	
they	pass	through	the	turbine,	juvenile	
salmon	were	released	immediately	
upstream	of	the	turbine,	running	at	either	
high	or	low	rotation	speeds.	As	a	control,	
salmon	were	released	downstream	of	the	
turbine).	Both	experimental	(i.e.	those	
passed	through	the	turbine)	and	control	
fish	were	re-captured	downstream.	
For	both	groups	physical	damage	was	
measured	before	and	after	release	and	
the	concentration	of	blood	proteins	that	
are	indicative	of	physical	trauma	were	
analysed.

To	examine	the	effect	of	a	low-head	
turbine	on	upstream	migration	of	adult	

Research in action
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Assessment of physical damage to fish  
from passage through an Archimedean  
screw turbine

Blood	biochemistry	analysis	of	fish	that	
have	passed	through	the	turbine	are	not		
yet	complete	but	very	preliminary	data	do	
not	indicate	that	there	are	high	levels	of	
physical	trauma	amongst	these	fish.

EVI	marker.

Tagged	adult	showing	floy	tag.

Smolts	in	trap.

The behaviour of upstream migrating Atlantic 
salmon at barriers 
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PROJECT	AIMS	

	 •		This	project	used	radio	tracking	to	examine	the	behaviour	of	salmon	migrating	
upstream	as	they	reached	a	barrier	that	was	passable	under	some	but	not	all	flow	
conditions.

	
OUTCOMES

	 •		A	not-insignificant	proportion	(8%)	of	fish	visiting	the	weir	did	not	cross	but	
migrated	downstream	again.

	 •	Of	the	fish	that	did	cross,	about	two–thirds	did	not	cross	on	the	first	attempt.

	 •		The	routes,	the	timing	and	the	water	flows	at	the	time	of	passage	all	provide	
insights	into	the	mechanisms	that	salmon	use	to	navigate	barriers.

MANAGEMENT	TOOLS

	 •		The	impact	of	this	and	similar	barriers	on	fish	passage	was	quantified	for	the	first	
time.

	 •		Data	from	this	study	provide	the	potential	for	modification	of	this	and	similar	
barriers.

	
POLICY	DRIVERS	

	 •	EU	Water	Framework	Directive	(EC	Council	Directive	2000/60/EC).

	 •	EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).
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river	and	so	these	fish	must	migrate	up	neighbouring	rivers	(one	was	detected	doing	this)	
to	successfully	breed.

Study	site.

BACKGROUND	

Most	animal	species	at	some	point	during	their	life-time	migrate.	They	may	do	this	to	
utilise	new	feeding	areas,	to	breed,	to	over-winter	or	for	a	host	of	other	reasons.	Barriers	
that	restrict	such	migration	can	have	significant	consequences	for	those	species.	Weirs	
and	dams	in	river	courses	represent	barriers	to	movement	particularly	for	fish.	Large	
barriers	may	completely	prevent	any	migration	of	fish	and	smaller	barriers	might	cause	
only	temporary	obstruction	for	example	at	times	when	water	levels	are	low.	However	
even	temporary	obstructions	may	result	in	a	major	effect	depending	upon	how	migrating	
fish	respond	to	this	delay.	If,	for	example,	upon	reaching	an	obstruction	where	immediate	
passage	is	not	possible,	an	upstream	migrating	fish	turns	and	migrates	downstream	
again,	this	effect	may	be	as	serious	as	that	of	a	complete	barrier	to	passage.	

The	research	described	here	examines	the	response	of	salmon,	migrating	upstream	to	
reach	spawning	grounds,	to	a	low	head	barrier.	It	examines	the	behaviour	of	animals	not	
able	to	pass,	it	looks	at	the	routes	where	passage	is	ultimately	successful	and	it	examines	
the	cues	that	a	fish	uses	to	determine	where	passage	is	most	likely.	

	
RESEARCH	APPROACH	

Upstream	migrating	Atlantic	salmon	were	captured	in	the	lower	reaches	of	the	Foyle	
catchment	and	tagged	with	radio	tags	emitting	a	unique	signal	and	then	released.	

A	weir	of	approximately	2.3	m	height	at	Sion	Mills	(Co.	Tyrone,	Northern	Ireland),	over	
which	migrating	salmon	must	cross	to	reach	spawning	grounds,	was	fitted	with	radio	
receivers	in	a	pattern	that	allowed	the	identification	of	individual	fish	in	6	separate	zones	
immediately	downstream	or	upstream	of	the	barrier.	

RESULTS

Behaviour of adult salmon at barriers

At	the	time	of	writing	the	data	are	not	fully	analysed;	here	we	present	a	small	part	of	the	
data.	Fifty	two	tagged	salmon	were	detected	at,	or	around,	the	weir.	Of	these	4	(8%)	failed	
to	pass	the	weir	at	any	time	and	migrated	downstream	again.	31%	passed	over	the	weir	
on	their	first	attempt	but	one	fish	made	11	attempts	before	being	ultimately	successful.	
Attempts	at	passage	were	more	likely	on	a	full	or	new	moon.	It	is	clear	that	the	barrier	is	
passable	under	some	flow	conditions	but	also	that	a	reasonable	proportion	of	fish	do	not	
migrate	past	this	barrier.	There	are	no	spawning	sites	for	salmon	below	the	weir	in	this	

Fish	radio	tag.
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The mortality of Atlantic salmon at different 
life cycle stages

Author:	Han	Honkanen

Supervisors:		Dr	Patrick	Boylan,	Prof	Colin	Adams,	Dr	Jennifer	Dodd

Acknowledgements:	Loughs	Agency	staff

Location	of	full	report:	http://www.loughs-agency.org/ibis/the-project/research

PROJECT	AIMS	

	 •		This	project	attempted	to	identify	bottlenecks	in	the	life	cycle	of	Atlantic	salmon	
where	high	levels	of	mortality	are	occurring,	large	enough	to	have	an	effect	on	
overall	population	size.

	 •		Estimating	the	relative	contribution	of	environmental	and	density-dependent	effects	
on	the	returning	salmon	population	size.

	
OUTCOMES	

	 •		Mortality	bottlenecks	at	a	number	of	specific	life	stages	of	salmon	were	identified.

	 •		Spawning	and	egg	incubation,	in	addition	to	emergence	(the	first	few	weeks	outside	
redds),	were	periods	where	mortality	could	be	especially	high.

	 •		Migration	to	sea	as	smolts	was	shown	to	be	a	period	where	mortality	was	highly	
variable	and	at	times	high.

	
MANAGEMENT	TOOLS

	 •		This	study	allows	for	a	better	future	forecasting	of	returning	salmon	numbers.

	 •		It	identifies	specific	points	where	management	intervention	is	likely	to	have	a	
significant	impact	on	the	population.

	 •	It	defines	the	critical	life	stage	points	and	some	of	the	sources	of	mortality.

POLICY	DRIVERS	

	 •	EU	Water	Framework	Directive	(EC	Council	Directive	2000/60/EC).

	 •	EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	 •	The	Foyle	Area	(Control	of	Fishing)	Regulations	2010.

	
BACKGROUND	

The	numbers	of	Atlantic	salmon	returning	to	rivers,	like	for	many	species,	may	fluctuate	
from	year	to	year.	These	fluctuations	create	significant	difficulties	for	management	as	
it	may	be	prudent	to	modify	the	catch	on	the	basis	of	the	population	size,	but	to	do	
so	requires	a	forecast	of	the	number	of	returning	adults.	If	it	is	known	what	factors	are	
causing	year	on	year	fluctuations	then	it	may	be	possible	to	make	forecasts	of	population	
size	or	it	may	be	possible	to	intervene	when	populations	are	likely	to	be	low.	In	this	study	
we	attempt	to	define	the	factors	and	the	points	in	the	lifetime	of	salmon	where	significant	
mortality	may	be	occurring	for	one	population	where	there	are	sufficient	data.

	
RESEARCH	APPROACH

Data	on	the	size	of	the	Atlantic	salmon	population	returning	to	the	Foyle	catchment	
between	1952	and	2007	plus	a	wide	range	of	environmental	variables	related	to	
conditions	in	the	river,	estuary	and	the	open	sea	were	combined	in	statistical	models.	The	
analysis	broke	the	life-cycle	of	each	salmon	cohort	down	into	8	specific	life	stages	to	look	
for	bottleneck	effects	of	the	environment	on	each	life	stage.

The	eight	life	stages	used	in	the	analysis	(table	by	Dr.	Paddy	Boylan).
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RESULTS

Life stage specific mortality in Atlantic salmon from the Foyle catchment 

Mortality	bottlenecks	in	the	life	cycle	of	salmon	were	found	at	several	stages.	The	
spawning	and	the	egg	incubation	period	were	particularly	influenced	by	weather	
(particularly	rainfall	and	temperature).	High	water	levels	as	the	juvenile	salmon	emerged	
from	their	gravel	nests	was	another	source	of	high	mortality.	Conversely,	low	water	levels	
as	they	migrated	to	sea	as	smolts	was	also	identified	as	a	population	bottleneck.

The	Atlantic	salmon	life	cycle.

Research	in	action.
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PROJECT	AIMS	

	 •		Investigating	Atlantic	salmon	smolt	migration	pathways	and	speeds	through	a	large	
lake.

	 •	Estimating	river,	lake	and	early	coastal	mortality	rates	in	migrating	salmon	smolts.

	 •		Measuring	the	impact	of	river	barriers	on	juvenile	Atlantic	salmon	migrating	
downstream	to	sea	in	the	smolt	stage	of	their	life-cycle.

	
OUTCOMES	

	 •		This	project	has	not	yet	begun	at	the	time	of	writing	but	the	expected	outcomes	
include:

	 -	Measures	of	river	and	lake	migration	speeds.

	 -	Measures	of	river,	lake	and	early	coastal	migration	mortalities.

	
MANAGEMENT	TOOLS

	 •		This	project	should	give	insights	into	the	migration	pathways	and	the	cues	a	
migrating	smolt	uses	to	find	the	river	discharging	from	a	large	lake.

	 •		These	data	will	be	of	particular	importance	to	the	management	of	catchments	
which	are	regulated.
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POLICY	DRIVERS	

	 •	EU	Water	Framework	Directive	(EC	Directive	2000/60/EC).

	 •	EU	Habitats	Directive	(EC	Directive	92/43/EEC).

 
BACKGROUND	

For	fish	that	spend	time	in	freshwater	before	migrating	to	sea,	the	period	of	migration	
is	a	potential	bottleneck	for	the	population.	The	transition	from	fresh	water	to	salt	water	
imposes	a	considerable	physiological	stress	upon	migrating	fish.	In	addition	the	rate	
of	predation	is	likely	to	increase,	the	feeding	environment	changes	and	there	is	the	
significant	energetic	requirement	of	the	migration	itself.	Our	understanding	of	how	Atlantic	
salmon	smolts	migrate	during	this	stressful	period	is	that	they	follow	the	downstream	
currents	moving	at,	or	about,	the	same	speed	as	the	water	flows.	However	when	the	
river	flow	is	interrupted	by	a	large	lake,	the	techniques	used	by	smolts	to	find	their	way	
to	sea	through	a	large	body	of	water	must	be	rather	different.	We	currently	have	no	
understanding	of	how	smolts	migrate	through	large	lakes.	This	is	likely	to	be	of	critical	
importance	to	management	especially	if	it	is	also	associated	with	high	mortality.	In	this	
study	we	will	investigate	migration	pathways	and	speeds	and	estimate	river,	lake	and	
early	coastal	mortality	rates	in	migrating	salmon	smolts.

	
RESEARCH	APPROACH

At	the	time	of	writing	this	project	has	not	yet	begun.	It	is	planned	to	tag	60	salmon	smolts	
captured	in	the	Endrick	Water	which	is	a	tributary	of	Loch	Lomond,	Scotland	which	
ultimately	discharges	into	the	Clyde	Estuary.	Smolts	will	be	tagged	with	transmitters	
emitting	a	unique	coded	acoustic	signal	and	fixed	and	mobile	receivers	will	be	used	to	
track	the	progress	of	fish	into	the	marine	environment.	These	data	will	allow	the	speed	of	
movement,	the	migration	route	through	the	loch	and	survivorship	of	migrating	fish	to	be	
measured.

	
RESULTS

Downstream migration of salmon smolts through a large lake 

The	first	data	from	this	project	will	become	available	in	May	2015.	From	this	we	expect	to	
be	able	to	determine	the	speed	of	smolt	migration	in	the	river,	the	lake	and	in	the	estuary.	
We	also	expect	to	be	able	to	determine	the	pathway	through	Loch	Lomond	and	smolt	
mortality	rate	in	the	river,	lake	and	coastal	areas.

The cumulative impact of multiple river 
barriers on the upstream migration of 
Atlantic salmon
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PROJECT	AIMS

	 •		We	aimed	to	test	the	effect	that	multiple	river	barriers	have	on	the	timing	of	the	
arrival	of	adult	Atlantic	salmon	to	their	spawning	grounds.

	
OUTCOMES

	 •		The	4	barriers	in	the	study	system	were	passable	by	salmon,	and	other	species,	
under	some	but	not	all	flow	conditions.

	 •		The	delay	for	Atlantic	salmon	migrating	to	their	spawning	grounds	resulting	from	the	
cumulative	effect	of	the	4	barriers	varied	between	years	and	ranged	between	3	and	
83	days.

	 •		Delays	at	the	upper	end	of	this	range	are	likely	to	have	a	significant	impact	on	
spawning	success.

	
MANAGEMENT	TOOLS

	 •		This	project	has	shown	that	using	existing	management	tools	and	some	additional	
data	it	is	possible	to	assess	the	potential	impact	of	multiple	river	barriers	on	
migrating	fish.

	 •		The	cumulative	impact	of	multiple	barriers	on	fish	migration	has	been	assessed	for	
the	first	time.

	 •		This	work	sets	a	foundation	for	the	assessment	of	the	impact	of	barrier	removal	on	
fish	migration	and	spawning	success.

	 •		The	study	highlights	that	engineering	modifications	of	some	barriers	would	reduce	
the	delay	in	fish	migration	time.
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POLICY	DRIVERS	

	 •	EU	Water	Framework	Directive	(EC	Directive	2000/60/EC).

	 •	EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	 •	EU	Eel	legislation	(EU	Council	Regulation	No.	100/2007).

	
BACKGROUND	

The	Atlantic	salmon,	Salmo	salar,	is	a	high	profile	species	that	undertakes	migrations	of	
thousands	of	kilometers	to	reach	breeding	sites.	River	barriers	can	significantly	impact	the	
movement	of	this	species	in	the	final	few	kilometres	of	this	migration	just	before	reaching	
the	breeding	grounds.	This	study	examined	the	multiple	and	cumulative	impact	of		
in-stream	barriers,	which	under	specific	flow	conditions	are	passable	by	fish.

For	centuries	rivers	have	been	subject	to	modifications	to	allow	exploitation,	for	example,	
for	navigation,	hydropower,	water	abstraction	and	also	to	remove	waste	products.	Globally,	
there	are	now	over	1	million	man-made	barriers	in	rivers.	These	barriers	disrupt	the	
natural	river	habitats,	impacting	the	species	that	live	there.	The	species	most	likely	to	be	
impacted	are	those	which	need	to	migrate	up-	or	downstream	as	a	part	of	their	life-cycle.	
The	Atlantic	salmon	is	an	iconic	species	that	must	migrate	to	the	upper	reaches	of	rivers	
to	reach	breeding	sites	and	therefore	has	the	potential	to	be	significantly	affected	by	in-
river	barriers.	This	study	examined	the	cumulative	impact	of	multiple	in-stream	barriers	
that	allow	passage	under	certain	river	flow	conditions,	thus	not	completely	preventing	the	
migration.

	
RESEARCH	APPROACH

This	study	used	a	standard	tool	used	by	environmental	agencies	in	the	United	Kingdom	
and	Ireland	to	estimate	the	likelihood	that	salmon	could	pass	over	a	barrier	given	its	
physical	characteristics	and	the	movement	of	water	over	it	under	different	flow	conditions	
(The	“Coarse-Resolution	Rapid-Assessment	Methodology	to	Assess	Barriers	to	Fish	
Migration”).	The	assessment	tool	was	used	to	evaluate	the	passability	of	four	successive	
barriers	on	a	small	tributary	of	the	Camowen	River,	Co.	Tyrone,	Northern	Ireland.	Long-term	
river	flow	data	(1975	to	2011)	were	then	used	to	predict	the	likelihood	of	a	salmon	passing	
each	of	the	barriers	in	succession	as	the	fish	migrated	upstream	under	the	prevailing	
conditions,	in	each	year	between	1975	and	2011.	For	each	year,	the	likelihood	of	passage	
was	then	used	to	estimate	the	total	number	of	days	that	these	4	barriers	delayed	a	salmon	
trying	to	reach	the	spawning	grounds.

	A	small	river	barrier	in	the	Foyle	
catchment.

RESULTS

Barrier passability and migration delays

Under	the	flow	conditions	recorded		
between	1975	and	2011	all	of	the	4	barriers		
used	in	this	study	would	have	impeded	or		
at	times	prevented	migration	by	Atlantic		
salmon	and	other	fish	species.	Under	the		
conditions	prevailing,	during	the	migration		
period	for	Atlantic	salmon,	a	salmon	had		
an	average	estimated	delay	of	28.8	days		
crossing	all	4	barriers.	The	longest		
estimated	delay	was	83	days	and	the		
shortest	3	days.	In	6	of	the	36	years		
analysed,	the	delay	to	a	migrating	salmon		
would	have	exceeded	50	days.

Delays	to	salmon	migration	at	the	higher		
end	of	this	range	are	likely	to	have	a		
significant	impact	on	the	ability	of	salmon		
to	spawn	successfully.	This	study	has		
shown	that	even	intermittently	passable		
multiple	barriers	in	series	in	a	river,	in		
combination	with	fluctuating	water	flows,		
have	a	significant	cumulative	effect	on	the		
time	taken	to	reach	the	spawning	grounds.

A	river	migrating	Atlantic	salmon.
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PROJECT	AIMS

	 •		To	identify	the	mechanisms	that	promote	sea	migration	of	brown	trout.

	
OUTCOMES	

	 •		The	mechanisms	which	drive	individual	fish	to	become	sea	trout	are	now	better	
understood.

	 •		There	is	evidence	of	an	inherited	effect	and	an	additional	environmental	effect	
initiating	sea	migration.

	 •		Despite	this,	at	least	for	the	populations	examined	in	this	study,	sea	trout	and	
resident	brown	trout	appear	to	come	from	the	same	gene	pool.

	
MANAGEMENT	TOOLS

	 •		A	better	understanding	of	how	
environmental	management	might	impact	
on	sea	trout	numbers.

	 •		The	possibility	of	management	
intervention	to	support	the	current	decline	
in	sea	trout	populations.	

	 •		The	genetic	link	between	sea	trout	and	
brown	trout	has	wide	ranging	implications		
for	management. 	Stripping	trout	eggs.
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POLICY	DRIVERS	

	 •	Site	of	Special	Scientific	Interest	-	site	selection	criteria.

	 •	Wildlife	and	Natural	Environment	(Scotland)	Act	2011.

	 •	Wildlife	and	Natural	Environment	Act	(Northern	Ireland)	2011.

	 •	Wildlife	1976	Act	(Ireland).

	
BACKGROUND	

The	brown	trout	is	a	highly	variable	species	that	exhibits	a	wide	range	of	life-cycles.	In	
some,	but	not	all	populations,	a	proportion	of	the	total	population	remain	in	freshwater	
all	of	their	life	whilst	others	migrate	to	sea,	grow	to	relatively	large	size	and	then	return	as	
“sea	trout”.	The	sea	trout	component	of	any	river	system	is	particularly	valuable;	they	are	
large,	charismatic,	and	highly	sought	after	by	anglers	but	they	are	also	very	vulnerable.	
The	migration	to	sea	water	carries	an	increased	risk	of	predation	and	considerable	
physiological	stress.	Human	impacts	on	the	coastal	feeding	areas	may	also	have	a	
negative	impact.	The	migratory	sea	trout	stocks	have	declined	in	the	last	few	years.	
Although	the	exact	reasons	for	this	decline	are	not	fully	understood,	there	are	clear	
management	issues	around	this	species.	One	important	element	of	the	management	of	
sea	trout	is	that	we	do	not	know	why	some	individuals	migrate	to	sea	whilst	others	do	not.	
It	is	this	topic,	which	is	investigated	in	this	study.	

	
RESEARCH	APPROACH

To	examine	why	some	trout	individuals	initiate	the	complex	metamorphosis	(often	called	
smolting)	that	prepares	them	for	the	transition	to	sea	water	but	others	do	not,	we	collected	
eggs	from	sea	trout	and	river	resident	trout	from	a	single	catchment.	Fertilised	eggs	
were	then	reared	under	identical	conditions	in	the	laboratory.	To	look	for	developmental	
characteristics	that	might	ultimately	determine	the	onset	of	smolting,	eggs	were	screened	
during	the	incubation	period	for	a	range	of	characteristics.	Hatching	fish	were	exposed	
in	a	controlled	experiment	to	varying	feeding	conditions	and	were	then	screened	for	their	
metabolic	rate	(an	indicator	of	energetic	costs),	growth	rate,	and	territorial	behaviour.	

In	a	related	part	of	the	study,	population	genetics	was	used	to	examine	the	genetic		
inter-relationship	between	sea	trout	and	resident	trout	in	the	River	Faughan,	Ireland.

At	the	time	of	writing	this	study	is	not	complete;	here	we	present	some	preliminary	
findings.

RESULTS

Differences in early developmental rate and 
conversion efficiency between offspring 
from resident brown trout and sea trout 

Freshwater	resident	females	produced	fewer	
but	larger	eggs	than	sea	trout	females.	Sea	
trout	eggs	hatched	earlier	than	those	from	
resident	freshwater	trout.	Sea	trout	offspring	
were	slower	to	take	their	first	food	after	
hatching	and	were	also	smaller	at	this	time.	
Freshwater	resident	offspring	showed	a	higher	
efficiency	in	converting	egg	yolk	to	body	tissue	
than	the	sea	trout	offspring.	

These	data	suggests	that	there	are	clear	
developmental	differences	between	offspring	
from	resident	and	sea	trout	parents	with	
offspring	from	sea	trout	parents	potentially	
at	a	disadvantage	in	the	wild	which	may	lead	
to	a	higher	proportion	of	migrants	originating	
from	sea	trout	parents.	This	may	be	an	under-
explored	area	in	explaining	life	history	variation		
in	salmonids.

Genetic differences between resident and  
sea trout in the River Faughan 

A	suite	of	genetic	markers	used	to	discriminate	
between	trout	populations	elsewhere	was	
not	able	to	separate	sea	trout	from	resident	
brown	trout	in	the	River	Faughan.	This	
indicates	that	in	this	river,	individuals	exhibiting	
these	different	life	cycle	traits	all	come	from	
the	same	gene	pool.	This	has	significant	
implications	for	management.

	Electrofishing	for	trout.

Brown	trout.

The	decline	in	rod	catch	of	sea		
trout	in	Connemara	1974-2003.
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PROJECT	AIMS

	 •		Determine	levels	of	genetic	diversity	and	patterns	of	population	structuring	and	to	
investigate	putative	changes	in	the	genetic	composition	of	Lough	Derg’s	brown	
trout	population	genetic	structure	as	a	consequence	of	the	temporary	existence	of	
a	weir,	which	is	thought	to	have	blocked	juvenile	migration	in	the	outflowing	using	
contemporary	and	“archived”	(10	years	old)	samples.

	 •		Quantify	the	relative	contribution	of	inflow/outflow	rivers	populations	to	lough	trout	
“mixed”	stock.

	 •		Through	exhaustive	sampling	of	breeding	adults	and	juveniles,	to	quantify	effective	
population	size	of	brown	trout	from	major	inflowing	streams.	

	
OUTCOMES	

	 •		A	much	more	complete	understanding	of	the	genetic	structure	of	Lough	Derg’s	wild	
brown	trout	including	the	important	outlet	spawning	population.

	 •		Full	assessment	of	the	contribution	of	each	major	inflowing	tributary	and	the	outflow	
to	the	mixed	lough	stock.

	 •		Wider	application	arising	from	the	insights	of	exhaustive	trapping	at	Lough	Derg	to	
other	lacustrine	brown	trout	populations,	including	increasing	the	profile	of	outlet	
spawning	populations.	

MANAGEMENT	TOOLS

	 •		Facilitate	targeted	conservation	measures	to	be	developed	in	the	future	to	enhance	
degraded	habitat	and	restore	populations	of	trout	utilising	inflowing	streams	and	the	
outflow,	which	contribute	to	the	recreational	fishery	on	the	lough.

	 •		Development	of	better	informed	and	more	successful	protection	for	Lough	Derg’s	
wild	brown	trout.	

	
POLICY	DRIVERS	

	 •	EU	Habitats	Directive-	Lough	Derg	is	part	of	the	River	Finn	SAC.

	 •	EU	Water	Framework	Directive	-	need	to	maintain	free	passage	for	fish	species.

	
BACKGROUND	

Lough	Derg	is	an	oligotrophic	lough	of	approximately	880ha,	which	is	part	of	the	Foyle	
catchment	system	in	northwest	Ireland.	The	lough	has	been	recognised	as		
an	important	venue	for	recreational	wild	brown	trout	angling	since	1850.	Declines	
in	brown	trout	numbers	in	recent	years	have	raised	concerns	about	the	long	term	
sustainability	of	local	stocks.	A	concrete	weir	(Figure	1),	built	during	the	late	1980s	at	the	
outflow	of	Lough	Derg	is	thought	to	have	had	a	serious	detrimental	impact	on	the	outlet	
spawning	population.	The	plantation	of	extensive	areas	of	non-indigenous	conifers	in	the	
catchment	and	introduction	of	non-native	fish	species		
(pike	and	perch)	have	also	been	suggested	as	
contributing	to	the	apparent	decline	in	trout	numbers.

	
RESEARCH	APPROACH

The	research	comprises	both	fieldwork	and	laboratory	
components.	Fieldwork	involves	comprehensive	non-
destructive	collection	of	tissue	samples,	from	adult	and	
juvenile	trout.	Adult	trout	are	captured	on	their	spawning	
migration	routes	during	autumn/	early	winter	in	three	
inflowing	tributaries	using	custom-made	traps	(Figure	
2)	and	a	rotary	screw	trap	(Figure	3)	for	outlet	spawning	
trout.	Juvenile	trout	are	collected	by	electrofishing	in	the	
same	tributaries	and	the	outflow.	Trout	samples	were	also	

	Figure	1.	Weir	constructed	during	
the	1980s,	during	summer	2003	
complete	dewatering	event	(Niven	
et	al.,	2008).	
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collected	in	lough,	primarily	through	angling	
(Figure	4	-	catch	and	release).	Additionally,	
existing	biotic	and	abiotic	data-	such	as	pH,	
land	use,	fish	abundance	etc.	is	being	collated	
for	subsequent	analysis.	Laboratory	analysis	
involved	DNA	extraction	and	microsatellite	DNA	
profiling	using	panels	of	markers	developed	
at	QUB	and	utilised	across	Europe	in	similar	
brown	trout	studies.	Additionally,	population	
and	genetic	parentage	analysis	is	being	
undertaken	in	the	laboratory.	

	
RESULTS

Sampling of brown trout from Lough Derg

To	date	over	1300	genetic	samples	including	
juveniles	and	adult	brown	trout	have	
been	secured	for	analysis.	Genomic	DNA	
extraction	has	been	successfully	carried	out	
for	all	samples.	Currently	all	samples	are	
being	screened	for	a	panel	consisting	of	22	
microsatellite	marker	loci	following	protocols	
developed	within	the	research	group.	

	Figure	3.	Rotary	Screw	Trap		
deployed	at	the	outflow	of	the		
River	Derg	from	Lough	Derg	to		
intercept	outlet	spawning	adult		
brown	trout	on	their	downstream	
migration.	

	Figure	4.	Wild	brown	trout	from		
Lough	Derg	sampled	during		
fieldwork.	

Figure	2.	Custom	designed	trap	located	
in	a	Lough	Derg	tributary	to	capture	
upstream	migrating	brown	trout.	
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PROJECT	AIMS

	 •		To	identify	the	factors	that	lead	to	the	establishment	of	a	population	of	“ferox”	trout	
in	lakes.

	 •		To	identify	the	sites	that	promote	the	formation	of	populations	of	large	predatory	
trout.

	 •		To	identify	any	biological	differences	between	sympatric	brown	trout	and	ferox	trout	
populations.

OUTCOMES

	 •		The	mechanisms	through	which	individual	fish	become	ferox	are	now	better	
understood.

	 •		This	study	is	suggestive	of	a	genetic	inherited	element	to	the	formation	of	ferox	
populations	at	least	in	some	places.

	 •		Larger,	deeper	lakes	with	a	population	of	Arctic	charr	are	more	likely	to	develop	and	
maintain	ferox	trout	populations.

	
MANAGEMENT	TOOLS

	 •		The	identification	of	sites	where	ferox	trout	are	likely	to	be	found/	spawn.

	 •		The	routes	through	which	individual	fish	become	ferox	is	clearer	enabling	better	
protection	of	both	sites	and	the	mechanism	of	formation.	
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POLICY	DRIVERS

	 •		Site	of	Special	Scientific	Interest	-	site	selection	criteria.

	 •		Wildlife	and	Natural	Environment	(Scotland)	Act	2011.

	
BACKGROUND	

The	brown	trout	is	a	highly	important	species	in	Ireland,	Scotland	and	Northern	Ireland.	
It	is	the	most	widely	distributed	of	the	freshwater	fish	in	the	region,	it	forms	one	critical	
component	of	the	ecosystem	of	lakes	and	rivers	and	it	supports	a	large,	widespread	and	
economically	important	recreational	fishery.	The	species	exhibits	a	number	of	different	
life-history	strategies;	in	places	brown	trout	may	migrate	to	sea	returning	as	“sea	trout”	
or	may	migrate	into	estuaries	or	lakes	for	periods	to	feed.	In	some	lake	populations,	
individual	fish	can	grow	to	a	large	size	(the	UK	record	is	14.4	kg),	where	they	live	to	old	
age	(in	excess	of	20	years	has	been	recorded)	and	usually	specialise	in	feeding	on	other	
fish	species.	These	fish	are	often	called	“ferox”	(from	the	latin	for	fierce)	trout	and	are	
highly	praised	by	anglers.	However	ferox	trout	populations	are	very	small	in	number	
and	slow	to	reproduce;	thus	where	they	exist,	ferox	populations	are	vulnerable.	A	more	
complete	understanding	of	why	these	populations	form	and	their	ecology	is	therefore	
essential	to	inform	future	management.

In	this	study	we	examine	what	types	of	freshwater	habitat	allow	ferox	populations	to	
emerge	and	at	identify	some	of	the	drivers	that	allow	an	individual	fish	to	become	a	ferox.

	
RESEARCH	APPROACH

To	assess	which	waterbody	types	promote	the	formation	of	ferox	populations,	we	
synthesised	all	historical	angling	records	of	ferox	trout	populations	in	Scotland.	We	then	
combined	these	angling	records	with	bathymetric	(depth)	data	for	all	lakes	surveyed	in	
Scotland.	Lake	types	that	promoted	the	formation	of	ferox	trout	populations	were	then	
examined	using	statistical	modelling.

To	examine	why	some	individual	trout	become	ferox	trout	while	others	do	not,	we	
collected	spawning	ferox	and	lake	dwelling	trout	that	had	not	become	ferox	from	a	
catchment	in	Wester	Ross,	Scotland.	Eggs	were	stripped	from	females,	fertilised	and	
reared	under	identical	conditions	in	the	laboratory.	The	growth,	head	and	body	shape	
development,	metabolic	rates	and	behaviour	were	measured.	At	the	time	of	writing	this	
study	is	not	complete;	here	we	present	two	key	findings.

RESULTS

Aggression and dominance in juvenile trout of ferox parents

Trout	use	aggressive	interactions	to	gain	access	to	food	in	highly	competitive	
environments	in	the	wild.	Fish	that	do	not	compete	well	do	not	grow	and	may	not	survive.	
Thirty	trout	of	ferox	parentage	and	thirty	of	lake	trout	origin	of	the	same	size	were	placed	
in	an	artificial	stream	tank,	allowed	to	set	up	a	territory	and	to	compete	for	food	items	as	
they	entered	the	stream	feeding	area.	Over	multiple	trials,	ferox	origin	trout	were	much	
more	aggressive	than	those	of	lake	trout	origin	(Figure	1)	and	they	acquired	much	more	of	
the	available	food	(Figure	2).	

This	strongly	indicates	that	ferox	trout	are	significantly	better	at	acquiring	food	and	that	
these	skills	are	inherited.	

Figure	1.	Ferox	trout	exhibited	higher	
aggression	scores	than	brown	trout.	

Figure	2.	Ferox	trout	acquired	much	more	
of	the	available	food	than	brown	trout.	
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What lake characteristics promote the 
presence of ferox trout?

A	model	predicting	the	presence	and	absence	
of	ferox	trout	in	lakes	in	Scotland	showed	
that	large	lake	area,	maximum	depth	and	the	
presence	of	another	fish	species,	Arctic	charr,	
were	the	best	predictors	of	ferox	presence.	
Thus	larger	lakes,	with	a	deeper	maximum	
depth	and	a	population	of	Arctic	charr	(a	
common	prey	species	of	ferox	trout)	were	
more	likely	to	also	support	ferox	trout.

	Fish	processing:	weights	and	scale	
samples.

Ferox	trout	eggs.

Checking	fyke	traps	for	ferox	&	
brown	trout.

Ferox	Alevins.
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PROJECT	AIMS

	 •		To	identify	any	hidden	structuring	of	brown	trout	populations	in	a	single	complex	
catchment,	in	terms	of	their	anatomical	features	and	genetics.

	 •		This	will	help	give	further	understanding	of	how	best	to	manage	brown	trout	in	a	
complex	catchment.	

	
OUTCOMES

	 •		Preliminary	results	show	clear	genetic	structuring	of	the	trout	gene	pool	in	the	Foyle	
system	and	therefore,	brown	trout	do	not	represent	a	single	large	population	across	
the	catchment.

	 •		This	correlates	with	clear	differences	in	anatomical	features	of	the	trout	from	
different	sub-catchments	and	differences	between	neighbouring	streams.

	 •		The	anatomical	differences	between	sites	probably	relate	to	subtle	differences	in	
the	environment	between	streams.

	
MANAGEMENT	TOOLS

	 •		Trout	need	to	be	managed	as	small	multiple	population	units	across	a	large	
catchment	with	differing	needs	in	different	places	and	therefore,	management	
intervention	to	support	these	species	needs	to	be	based	on	this	complex	
structuring	within	these	populations.

	 •		Mixing	of	stocks	even	across	small	distances	is	likely	to	be	detrimental	to	good	
management.
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POLICY	DRIVERS	

	 •	Wildlife	and	Natural	Environment	(Scotland)	Act	2011.

	 •	Brown	Trout	and	Grayling	Strategy	(EA,	2002).

	 •	Natural	Environment	and	Rural	Communities	Act	2006.

	 •	Trout	Strategy	(Loughs	Agency).

	
BACKGROUND	

There	is	known	to	be	considerable	variation	in	the	shape	and	genetics	of	brown	trout	
between	and	within	different	lakes	and	rivers.	However,	little	is	known	about	any	possible	
discrete	variation	in	anatomical	features	and	genetic	structuring	of	the	same	populations,	
within	a	single	catchment.	If	discrete	structuring	does	exist	then	it	is	likely	to	have	
considerable	repercussions	for	management,	as	individual	groups	would	almost	certainly	
have	to	be	managed	as	separate	units.	This	would	have	implications	for	water	transfer,	
for	fish	movements,	for	restocking	and	for	activities	that	might	result	in	environmental	
damage	to	parts	of	the	catchment.	

Here	we	investigate	the	nature	of	any	genetic	and	anatomical	structuring	amongst	brown	
trout	from	the	Foyle	catchment,	Ireland	/	Northern	Ireland	and	how	it	is	influenced	by	
geographical	scale.

	
RESEARCH	APPROACH

Twenty	two	sites	were	chosen	for	this	study	to	represent	the	tributaries	and	sub-
tributaries	within	four	of	the	main	rivers	within	the	Foyle	catchment	(Figure	1).	At	each	site	
65	brown	trout	were	collected	and	a	record	of	their	fork	length	(mm)	and	weight	(g)	was	
made.	A	photograph	was	also	taken	from	which	their	body	anatomy	could	be	analysed	
using	Geometric	Morphometric	Analysis.	Furthermore,	a	fin	clip	was	also	taken	from	each	
fish	for	genetic	analysis.	A	total	of	1480	brown	trout	were	collected	for	this	study.	At	the	
time	of	writing,	the	data	from	this	study	is	not	fully	analysed	but	we	present	here	the	initial	
data.	

Figure	1.		Three	different	geographic	scales	used	in	this	study.	These	three	scales	are:	
Broad	scale	(between	sub-catchments),	medium	scale	(between	tributaries	within	sub-
catchments)	and	a	fine-scale	(within	tributaries).

RESULTS

Preliminary	analysis	has	begun	to	determine	the	genetic	and	body	shape	structuring	
on	four	of	the	sites	(River	Faughan,	River	Burntollet,	River	Camowen	and	River	
Owenreagh)	used	in	this	study	(Figure	2).	These	results	show	that	there	is	considerable	
genetic	structuring	found	on	both	large	and	medium	spatial	scale.	This	initial	analysis	
is	demonstrating	the	complex	genetic	structuring	found	in	brown	trout	in	the	Foyle	
catchment	and	as	more	sites	are	analysed,	a	clearer	picture	of	this	structuring	will	
emerge.	Preliminary	results	of	shape	variation	between	sites	have	shown	significant	
differences	between	sites	at	all	geographic	scales.	All	sites	are	significantly	different	
from	one	another	with	regards	to	the	anatomy	of	brown	trout	(Figure	3).	This	variation	
in	structuring	of	brown	trout	anatomical	features	would	most	likely	indicate	that	the	
environment	is	shaping	trout	differently	in	different	places	in	the	catchment.	
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Figure	2.	The	four	sites	analysed	
for	genetic	structure	are:	River	
Burntollet,	River	Faughan,	River	
Camowen	and	River	Owenreagh.	
The	difference	in	colour	between	
the	pie	charts	shows	the	
differences	in	the	gene	pool	
between	the	four	sites.	For	
example,	it	can	be	seen	that	
the	River	Owenreagh	and	River	
Faughan	are	the	most	different	
from	one	another.	

Figure	3.	Differences	in	the	
shape	of	brown	trout	between	
the	four	river	catchments	used	
in	this	project.	The	axis	of	the	
graph	show	the	amount	of	
shape	change,	with	the	outlines	
of	the	fish	showing	what	the	
shape	of	brown	trout	look	like	
at	the	extremes	of	the	axes.	For	
example	on	the	x	axis	labelled	
canonical	variate	1,	brown	trout	
have	a	deeper	head	and	smaller	
eye	on	the	left	of	the	graph	
compared	to	the	fish	at	the	right	
of	the	graph.	Fish	from	all	of	
the	four	river	catchments	are	
significantly	different	from	each	
other.

A	fin	clip	from	a	trout	which	has	
been	taken	for	genetic	analysis.	
A	small	amount	of	tissue	is	taken	
from	the	adipose	fin	and	stored	
in	ethanol.	This	will	then	be	taken	
to	a	laboratory	to	have	the	DNA	
extracted	from	the	tissue	and	then	
analysed.	

	A	brown	trout	that	was	caught	during	this	study.	

The	River	Reelan,	Co.	Donegal,	Ireland.	It	shows	
(from	left	to	right)	Hannele	Honkanen,	Jessica	
Fordyce	and	Connor	McCarron	electrofishing.	This	
is	a	method	used	to	catch	the	brown	trout	which	
were	used	in	this	study.	Once	a	photograph	and	fin	
clip	from	the	brown	trout	was	taken,	the	brown	trout	
were	then	returned	to	the	river.
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PROJECT	AIMS	

	 •		This	research	project	investigated	the	possibility	of	the	presence	of	rare,	multiple	
co-existing	forms	of	brown	trout,	Salmo	trutta,	in	Loch	Laidon,	Scotland.

	
OUTCOMES	

	 •		Three	forms	of	brown	trout	were	discovered	in	Loch	Laidon.

	 •	The	three	forms	differ	in	feeding	ecology,	habitat	use	and	body	and	head	shape.

	 •	Genetic	differences	were	also	identified	between	the	different	forms.

	
MANAGEMENT	TOOLS

	 •		This	work	has	identified	a	polymorphic	brown	trout	population	as	highly	unusual	
and	thus	of	exceedingly	high	conservation	value.	

	
POLICY	DRIVERS

	 •		Site	of	Special	Scientific	Interest	-	site	selection	criteria.

	 •	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	
	
	
	
	
	

BACKGROUND	

Multiple	forms	of	the	same	species	co-existing	in	the	same	habitat	are	rare	and	where	
they	occur	are	of	high	conservation	value.	The	evolutionary	processes	that	initiate	the	
splitting	of	a	single	population	into	two	or	more	underpin	the	formation	of	new	species	
and	ultimately	the	biodiversity	found	in	nature.	While	these	processes	are	still	not	fully	
understood,	their	consequences	are	recognised	as	especially	high	value	in	terms	of	
biodiversity	protection.

	
RESEARCH	APPROACH

One	hundred	and	seventy	six	brown	trout	collected	from	Loch	Laidon,	Scotland	were	
included	in	this	study.	Variation	in	the	shape	of	different	important	anatomical	features,	
which	have	functions	in	feeding	and	swimming	for	example,	can	provide	insights	into	
different	aspects	of	an	individual	animal’s	life.	This	study	used	recently	developed	
statistical	techniques	and	geometric	shape	analysis.	Gill	rakers,	anatomical	structures	
important	in	feeding,	were	counted	and	measured.	Stable	isotopes	of	carbon	and	
nitrogen	(which	provide	a	long-term	measure	of	what	an	animal	has	been	eating)	in	
muscle	tissues	and	more	traditional	analysis	of	stomach	contents	were	used	to	determine	
feeding	ecology.	In	a	parallel	study	DNA	from	the	mitochondrion	was	analysed	(E.	
Verspoor,	University	of	the	Highlands	and	Islands)	to	determine	whether	genetically	
distinct	forms	of	trout	were	present	in	the	Loch	Laidon	population.	

	
RESULTS

Co-existence of multiple forms of Brown  
trout in Loch Laidon

This	study	identified	three	different	forms	of		
brown	trout	co-existing	in	Loch	Laidon.		
This	pattern	is	rare	in	general	and	very	rare	
in	this	species	(this	being	only	the	second	
recorded	example).	The	brown	trout	forms	
differ	in	their	feeding	ecology,	their	prey	
preferences	and	their	use	of	habitat	within	the	
lake.	The	fish	also	differed	in	body	and	head	
shape	and	in	gill	raker	number	and	length.		
A	parallel	study	also	showed	that	they	are		
genetically	distinct.	

Multiple	morphological	forms		
of	brown	trout.
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Map	of	Scotland	with	a	blue	location	mark	
of	Loch	Laidon.	Zoomed	in	sections	show	
Rannoch	Moor	and	Loch	Laidon,	Loch	Laidon	
looking	from	the	East	(photograph	courtesy	
of	Eric	Verspoor),	and	a	map	of	Loch	Laidon	
bathymetric	data	(Murray	&	Pullar	1910,	The	
Bartholomew	Archive).

The	three	brown	trout	forms	are:

	 •		A	deep	water,	lake	bottom	dwelling	form	
(found	in	water	>	35	m	deep),	which	is	
deep-bodied	with	a	large	rounded	head,	
few	widely	spaced	gill	rakers,	and	feeds		
on	deep	water	prey.	

	 •		A	shallow	water,	lake	bottom	dwelling	type	
(found	in	depths	ranging	from	3	m	to	35	m),	
characterised	by	a	long	body,	deep	head,	
a	greater	number	of	longer	gill	rakers,	and	
feeds	on	shallow	water	invertebrate	prey.	

	 •		An	open	water	form	characterised	by	a	
long	streamlined	body	and	head	and	long	
gill	rakers,	that	preys	upon	zooplankton	
and	winged	insects.	

The	co-existence	of	three	ecologically	distinct	
forms	of	brown	trout	is	very	rare.	Loch	Laidon	
and	the	fish	it	supports	represents	a	biodiversity	
hotspot	of	high	conservation	value	that	urgently	
needs	conservation	protection.

Section 3:

  
Management and Conservation 
of Rare Aquatic Animals
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PROJECT	AIMS	

	 •		This	project	attempted	to	identify	geographic	biodiversity	hotspots	for	two	freshwater	
fish	species:	Arctic	charr,	Salvelinus	alpinus,	and	the	brown	trout,	Salmo	trutta.	The	
identification	and	characterisation	of	these	hotspots	adds	to	our	knowledge	on	how	
the	diversity	of	life	on	Earth	forms	but	more	practically	identifies	important	sites	that	
require	conservation	protection	and	management.	

	
OUTCOMES

	 •		Five	freshwater	biodiversity	hotspots	were	identified	in	Ireland,	Northern	Ireland	and	
Scotland	in	this	study.

	 •		Hotspots	were	identified	through	the	presence	of	multiple	distinct	forms	(divergence	
of	food	resources,	body	shape,	habitat	use)	of	one	of	the	two	study	species	in	a	lake,	
indicating	that	rapid	and	recent	evolution	has	taken	place.

	 •		The	patterns	of	the	recent	evolutionary	processes	differed	between	places	
significantly.

	 •		This	project	shows	that	evolutionary	processes	are	highly	active	in	freshwater	fishes	
in	Ireland,	Northern	Ireland	and	Scotland.

	
MANAGEMENT	TOOLS

	 •		The	biodiversity	hotspots	identified	in	this	study	represent	sites	where	the	freshwater	
fish	populations	are	of	very	high	conservation	and	research	value.	Such	populations	
have	been	defined	by	EU,	UK	and	Irish	government	as	in	need	of	protection.

	

POLICY	DRIVERS

	 •	Site	of	Special	Scientific	Interest	-	site	selection	criteria.

	 •	Habitats	and	Species	Directive	(EC	Council	Directive	92/43/EEC).

	 •	Wildlife	and	Natural	Environment	(Scotland)	Act	2011.

	
BACKGROUND	

Biodiversity	hotspots	arise	when	a	few	species	rapidly	diverge	to	adapt	to	and	make	use	
of	new	environments.	Famous	examples	include	Darwin’s	finches	in	the	Galapagos	and	
the	cichlid	fishes	in	the	African	great	lakes.	There	is	good	evidence	that	similar	effects	
also	occur	in	freshwater	lakes	that	were	covered	by	glaciers	during	the	last	glacial	period	
(20,000	years	ago).	The	processes	that	lead	to	rapid	formation	of	new	species	and	
‘biodiversity	hotspots’	are	far	from	fully	understood.	When	such	sites	are	discovered	
they	represent	a	unique	opportunity	to	study	the	processes	by	which	new	species	are	
formed.	The	novelty	and	rarity	of	this	extraordinary	phenomenon	of	nature	enhances	the	
biodiversity	and	conservation	value	of	these	unique	sites.

	
RESEARCH	APPROACH

The	fish	from	five	sites	across	Ireland,	Northern	Ireland	and	Scotland	were	investigated	
for	evidence	of	rapid	and	recent	variation	and	changes	in	forms	of	Arctic	charr	and	
brown	trout.	Variation	in	the	shape	of	different	important	anatomical	features,	which	
have	functions	in	feeding	and	swimming	for	example,	can	provide	insights	into	different	
aspects	of	an	individual	animals	life	and	how	much	a	species	has	adapted	to	the	local	
environment.	The	differences	in	the	anatomical	features	associated	with	feeding	and	
swimming	were	examined	using	geometric	shape	analysis.	Analysis	of	stable	isotopes	
of	carbon	and	nitrogen	(which	provide	a	long-term	measure	of	what	an	animal	has	been	
eating)	in	muscle	tissues	and	stomach	contents	analysis	was	used	to	determine	feeding	
ecology.	Nuclear	DNA	was	also	analysed	for	some	sites	to	determine	whether	genetically	
distinct	forms	of	trout	and	charr	were	present	in	populations.
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RESULTS

Biodiversity hotspots

This	study	identified	clear	differences	in	the	body	shape	of	co-existing	forms,	that	also	
differed	in	feeding	ecology	(sometimes	called	ecomorphs)	amongst	the	brown	trout	in	
Loch	na	Sealga	(Scotland)	and	Lough	Finn	(Ireland).	Similar	forms	of	Arctic	charr	were	
located	in	Loch	Dughaill	in	Scotland.	The	pattern	of	change	into	multiple	forms	was	
not	the	same	in	different	places	but	in	all,	differences	in	body	and	head	shape	were	
associated	with	clear	diet	differences.

Although	at	the	time	of	writing,	this	study	is	not	fully	complete,	the	initial	evidence	is	that	
there	are	also	genetic	differences	between	co-existing	forms.	In	one	site,	Lough	Fad,	
Donegal,	no	distinct	forms	were	detected	but	there	was	strong	evidence	of	individuals	
specialising	in	a	wide	variety	of	different	prey	types.	The	existence	of	the	rapid	change	
(divergence)	and	maintenance	of	the	diversity	of	fish	forms	amongst	these	two	species	
reported	here	represents	biodiversity	hotspots	of	high	conservation	value	that	requires	
protection.

Life cycle and behavioural responses  
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PROJECT	AIMS

	 •		To	establish	salmonid	(trout	or	salmon)	host	preference	through	field	studies	of	
Scottish	rivers	prior	to	glochidia	(juvenile	mussels)	excystment	(drop-off).

	 •		To	monitor	and	measure	the	behavioural	response	of	adult	freshwater	pearl	
mussels,	Marfaritifera	margaritifera,	to	changes	in	the	flow	regime	in	a	novel	
experimental	laboratory	flume	study.

	
OUTCOMES

	 •		Glochidia	encysted	on	gills	of	both	salmon,	Salmo	salar	and	trout,	S.	trutta	
suggesting	that	trout	and	not	salmon,	as	previously	thought,	are	used	as	the	
primary	host	fish	in	the	Scottish	rivers.

	 •		Mussels	bury	significantly	deeper	into	the	substrate	in	gradually	increasing	flow,	
compared	to	rapid	increases	or	constant	flow	conditions.	78%	of	mussels	were	
washed	out	when	velocity	rapidly	increased	compared	to	only	32%	when	gradually	
increased.

	
MANAGEMENT	TOOLS

	 •		Improved	understanding	of	the	appropriate	flow	regime	management	of	existing	
and	any	future	regulated	watercourses	that	contain	freshwater	pearl	mussels.	

	 •		Actions	to	actively	manage	catchments	to	enhance	habitats	for	freshwater	pearl	
mussels.

	 •	Recommendations	for	further	field	and	laboratory	studies.
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POLICY	DRIVERS

	 •		EU	Water	Framework	Directive	(EC	Council	Directive	2000/60/EC).

	 •	EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	 •	UKBAP	Priority	Species.	

	 •	Wildlife	and	Countryside	Act	1981.	

	 •	SNH	Species	Action	Framework.

	
BACKGROUND	

Freshwater	pearl	mussels,	Margaritifera	margaritifera,	one	of	the	longest-lived	invertebrates	
in	the	world,	are	threatened	across	their	range.	Scotland	and	Ireland	are	a	stronghold	
for	this	endangered	and	protected	species,	but	populations	here	are	also	under	threat.	
The	complex	life	cycle	of	freshwater	pearl	mussels	includes	a	parasitic	stage	known	as	
glochidia.	Glochidia	attach	to	the	gills	of	salmonids.	The	preferred	host	in	Scotland	has	been	
identified	as	salmon,	Salmo	salar,	and	trout,	Salmo	trutta	only	in	the	absence	of	S.	salar.	
This	assumption	has	not	been	empirically	tested	in	the	field.

Furthermore,	little	is	known	about	how	adult	freshwater	pearl	mussels	respond	to	changes		
in	flow	velocity	in	natural	and	regulated	watercourses.	This	is	a	significant	knowledge	gap		
for	a	species	inhabiting	rivers	impacted	by	human	activities.

	
RESEARCH	APPROACH

Here,	we	aimed	to	investigate	the	relative	importance	of	salmon	and	trout	as	host	fish	
species	for	freshwater	pearl	mussels	in	the	field	in	a	selection	of	Scottish	rivers.	Eight	rivers	
in	NW	Scotland	were	selected	based	on	presence	of	freshwater	pearl	mussels	and	both	
salmon	and	trout.	Fish	were	non-lethally	sampled	by	electrofishing,	anaesthetised,	identified,	
measured	(fork	length	mm)	and	number	of	glochidia	encysted	on	the	gills	counted.	

Knowledge	of	the	flows	that	are	ecologically	relevant	to	freshwater	pearl	mussels	is	poor.	
Flow	variations	affect	habitat;	high	flows	can	destabilise	mussel	beds	and	low	flows	can	
result	in	fine	sediment	accumulation.	Understanding	the	impact	of	flow	variations,	both	
natural	and	managed	in	regulated	systems	is	vital.	Here	we	conduct	a	novel	laboratory	
experimental	approach	to	study	the	behavioural	response	of	adult	freshwater	pearl		
mussels	to	different	flow	regimes,	substrate	complexity	and	animal	groupings,	which	
provides	a	valuable	pilot	study.	

RESULTS

Encysted glochidia on salmonids

Analysis	revealed	the	total	number	of	
glochidia	present	was	negatively	related	
to	fish	fork	length,	with	smaller	fish	having	
significantly	higher	numbers	of	glochidia	
attached	(Figure	1)	In	addition,	the	majority	of	
glochidia	were	located	on	the	anterior	sides	
of	gills	2,	3	and	4,	which	corresponds	with	
highest	respiratory	current	flows.	

In	five	rivers	(3	rivers	were	excluded	from	
analysis)	with	both	salmon	and	trout	present,	
the	only	species	found	to	have	encysted	
glochidia	was	trout,	even	when	salmon	were	
more	numerous.	This	contradicts	current	
understanding	and	is	highly	significant	for	
the	future	management	of	freshwater	pearl	
mussel	populations	in	Scotland,	highlighting	
a	need	for	further	research.	

Behavioural responses to flow changes

Glochidia	on	brown	trout.

		Figure	1:	The	total	number	
of	glochidia	present	was	
lower	for	fish	with	larger	
fork	length,	with	smaller	
fish	having	significantly	
higher	numbers	of	glochidia	
attached.
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We	investigated	the	behavioural	response	
of	adult	freshwater	pearl	mussels	to	3	
contrasting	flow	regimes	(constant	velocity,	
rapidly	increasing	velocity	(mimicking	a	
rapid	onset	high	flow	event),	and	gradually	
increasing	velocity),	2	substrate	complexities	
(complex,	simple)	and	2	animal	groupings	
(clustered,	dispersed).

Results	showed	that	rate	of	flow	change	and	
velocity	impacted	most	on	mussel	response.	
Burial	depth	was	significantly	deeper	in	rapid	
and	gradually	increasing	velocities	compared	
with	constant	flow	conditions.	In	addition,	
mean	velocity	was	positively	correlated	with	
burial	depth,	indicating	that	the	higher	the	
flow	the	deeper	the	mussels	buried.	Lighter	
weight	mussels	were	found	to	bury	deeper	
into	the	substrate	in	conditions	of	constant	or	
rapidly	increasing	velocity.

	Clustered	and	dispersed	
mussels.

	Flume	setup
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PROJECT	AIMS	

	 •		Examine	factors	such	as	fat	content,	condition	and	parasitic	burden	affecting		
size-fecundity	relationships	of	mature	silver	female	European	eels	Anguilla	anguilla	
from	Lough	Neagh	and	Lough	Erne.	

	
OUTCOMES	

	 •		Lough	Neagh	eels	were	generally	the	heaviest,	longest,	more	fecund,	and	in	better	
condition	than	Lough	Erne	eels	but	were	slightly	less	fatty	and	had	more	parasites	
overall.

	 •		There	is	a	significant	relationship	between	lipid	content	and	fecundity	in	Lough	
Neagh	eels,	with	fatter	eels	being	generally	most	fecund.	

	 •		There	is	a	significant	negative	relationship	between	eel	fecundity	and	the	nematode	
parasite	Anguillicoloides	crassus	burden	in	Lough	Erne	but	not	in	Lough	Neagh.	
High	parasitic	burdens	may	reduce	fecundity.	

	
MANAGEMENT	TOOLS

	 •		Fecundity	data	is	currently	unavailable	for	Lough	Neagh	and	Lough	Erne	despite	
the	fact	that	Lough	Neagh	is	currently	one	of	the	largest	commercial	eel	fisheries	
in	Europe.	This	information	is	critical	for	accurate	stock	modelling	and	in	the	future	
development	of	eel	management	policies.	

	
POLICY	DRIVERS

	 •		Informing	stock	modelling	and	the	future	development	of	eel	management	policies	
in	the	island	of	Ireland	for	declining	stocks	of	the	European	eel.
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BACKGROUND	

Much	of	the	complex	life	cycle	and	geographic	distribution	of	the	European	eel	(Anguilla	
anguilla	L.)	is	still	poorly	understood.	It	is	known	that	they	are	widely	distributed	across	
Europe,	North	Africa	and	Iceland	and	that	juvenile	growth	stages	occur	in	freshwater.	
Spawning	is	thought	to	occur	in	the	Sargasso	Sea.	The	European	eel	is	a	commercially,	
biologically	and	culturally	important	resource	throughout	Europe	but	unfortunately	
stocks	have	been	declared	as	beyond	safe	biological	limits	and	are	regarded	as	‘critically	
endangered’	on	the	IUCN	Red	List.	Reduced	quality	of	spawners	and	low	lipid	contents	
may	be	key	factors	in	the	continuing	decline.	Fecundity	data	for	eels	are	currently	
unavailable	for	Lough	Neagh	and	Lough	Erne,	despite	the	fact	that	Lough	Neagh	is	
currently	one	of	the	largest	commercial	eel	fisheries	in	Europe.	This	information	is	critical	
for	accurate	stock	modelling	and	in	the	future	development	of	eel	management	policies.

	
RESEARCH	APPROACH

Samples	of	female	eels	were	collected	from	fishermen	from	Lower	Lough	Erne	and	Lough	
Neagh	in	winter	2011,	as	they	began	their	migration	run.	Eels	were	transported	to	AFBI	
laboratories	and	frozen	until	processing	began	in	June.	Prior	to	processing,	the	eels	were	
thawed	overnight.	The	total	lengths	of	each	eel	(to	the	nearest	0.1	cm)	and	their	wet	
weight	(to	the	nearest	0.1	g)	were	recorded	after	thawing.	

Eels	were	dissected,	the	swimbladder	was	removed	and	the	number	of	individual		
A.	crassus	(Figure	1)	inside	were	counted	and	recorded.	Female	gonadal	tissues	were	
removed	and	weighed.	They	were	then	stored	in	a	5	ml	phial	of	2%	Acetic	acid	solution	
for	14	days	to	aid	the	breakdown	of	ovarian	tissue	and	to	separate	the	eggs	using	a	
standard	protocol	for	counting	eel	eggs.	A	section	of	muscle	tissue	was	removed	from	
each	eel	to	determine	its	lipid	content	using	standard	methods.	Eel	condition	was	
calculated	from	the	gross	weight	and	total	length	of	the	eels	using	a	standard	formula.

	
	

RESULTS

Population characteristics

Size	ranges	in	both	sites	were	similar	(Figure	
2).	Mean	total	length	was	567.96	mm	(range	
465mm-665mm)	in	eels	from	Lough	Neagh	
and	556.81	mm	(range	475mm-699mm)	
in	eels	from	Lough	Erne.	Eels	from	Lough	
Neagh	were	in	slightly,	but	not	significantly,	
better	condition	than	those	from	Lough	Erne.	
Average	condition	values	were	2.09	and	2.00	
for	eels	from	Lough	Neagh	and	Lough	Erne	
respectively.	Overall	condition	for	both	sites	
ranged	from	1.4	to	2.45	(Figure	3).

	Figure	1.	Anguillicoloides	
crassus	in	the	swimbladder	of	
an	infected	European	eel.

Figure	2.	Frequency	histogram	
showing	the	distribution	of	length	
in	eels	from	Lough	Neagh	(blue)	
and	Lough	Erne	(green).
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Factors affecting fecundity 

Overall	estimates	of	fecundity	ranged	from	0.5	-	2.9	million	eggs	per	eel.	Eels	from	Lough	
Neagh	and	Lough	Erne	showed	similar	fecundity-length	relationships	(Figure	4).	There	
was	a	significant	correlation	between	lipid	content	and	fecundity	in	eels	from	Lough	
Neagh	but	not	for	those	from	Lough	Erne	eels	(Figure	5).	Fecundity	showed	a	significant	
negative	correlation	with	A.crassus	burden	in	eels	from	Lough	Erne	but	not	in	those	from	
Lough	Neagh	(Figure	6).	A.crassus	burden	was	categorized	into	a	0,1,2,3,4	or	>5	intensity	
Results	show	that	those	eels	that	have	>5	parasites,	are	generally	less	fecund.

Figure	3.	Frequency	histogram	
showing	the	distribution	of	condition	
in	eels	from	Lough	Neagh	(blue)	and	
Lough	Erne	(green).

	Figure	4.	The	relationship	between	
length	(mm)	and	fecundity	in	eels	
from	Lough	Neagh	(blue)	and	Lough	
Erne	(green).	

	Figure	5.	The	relationship	between	
lipid	content	(%)	and	fecundity	in	eels	
from	Lough	Neagh	(blue)	and	Lough	
Erne	(green).

Figure	6.	The	relationship	between		
A.	crassus	burden	and	fecundity	in	
eels	from	Lough	Neagh	(blue)	and	
Lough	Erne	(green).
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PROJECT	AIMS

	 •		To	determine	key	population	characteristics		
of	European	lobsters	that	have	been	have		
been	protected	by	V-notching	off	the		
northeast	coast	of	Northern	Ireland.

	 •		Examine	the	relationships	between	size	and		
fecundity	of	H.	gammarus	in	North-east	Ireland.	

	 •		Determine	whether	the	fecundity	estimate		
obtained	from	this	investigation	differs	from		
other	published	studies.	

	
OUTCOMES	

	 •			Egg	number	and	size	increased	with	female	
size.

	 •		Fishing	surveys	revealed	high	levels	(90%)	of		
catch	returns	revealing	fishers’	buy	in	to	the		
V-notching	programme.

	 •		These	findings	support	previous	similar	studies		
carried	out	in	North-east	Ireland,	the	Republic	
of	Ireland	and	Norway.	

MANAGEMENT	TOOLS

	 •			Provides	scientific	support	for	the	management	policy	of	protecting	egg-bearing	
females	by	marking	them	with	a	V-notch	in	the	tail,	which	allows	them	to	contribute	
more	to	recruitment,	thus	ensuring	a	long	term	sustainable	fishery.

	
POLICY	DRIVERS

	 •	Informing	regulation	of	lobster	pot	fishing	and	stock	management.	

	 •		Currently	V-notching	is	undertaken	by	fishermen	on	a	voluntary	basis,	supported	
by	government	grant	aid	schemes.	Since	fishing	authorities	have	a	statutory	
requirement	to	monitor	lobsters	stocks,	the	outputs	of	our	research	will	inform	
future	fishing	policy,	and	the	efficacy	and	value	for	money	of	the	V-notch	scheme.

	
BACKGROUND	

The	European	clawed	lobster	Homarus	gammarus	supports	key	fisheries	of	considerable	
socio-economic	importance.	Decreasing	yields	and	catch	per	unit	of	effort	over	the	
past	few	decades	have	being	stimulating	management	strategies	aimed	at	long	term	
stock	sustainability.	Of	particular	relevance	from	a	management	perspective,	has	been	
the	implementation	and	increasing	support	of	V-notching	schemes	throughout	the	UK	
and	elsewhere	in	Europe	and	North	America.	V-notching	berried	female	lobsters	has	
been	in	operation	both	on	a	voluntary	basis,	or	supported	through	grant	aid,	in	Northern	
Ireland	(Figure	1)	for	more	than	10	years.	Currently,	the	scheme	is	run	by	both	the	North	
Coast	Lobster	Fisherman’s	Association	(NCLFA)	and	the	North	East	Lobster	Cooperative	
(NELCO)	through	financial	aid	from	the	European	Fisheries	Fund.	

Figure	1.	a)	Tail	fan	being	V-notched.	 	 b)	Berried	female.

Lobster	pots.

European	lobster	caught	in	
pots	deployed	around	the	
coast	of	Northern	Ireland.



	 6160	 •	IBIS	•	Loughs	Agency	•	University	of	Glasgow	•	Queen’s	University	Belfast	• •	IBIS	•	Loughs	Agency	•	University	of	Glasgow	•	Queen’s	University	Belfast	•

RESEARCH	APPROACH

Berried	Homarus	gammarus	females	were	purchased	from	local	lobster	fishermen	at	the	
beginning	of	the	spawning	cycle	(August-September).	Data	for	size-fecundity	analysis	
was	collected	from	lobsters	0-2	days	after	they	were	captured	to	minimize	egg	loss	due	to	
handling	or	storage.	Eggs	were	removed	from	pleopods	and	stored	in	70%	ethanol.		
Sub-samples	of	eggs	of	known	mass	were	counted	and	used	to	estimate	total	number	
of	eggs	per	female	by	extrapolation.	These	data	were	correlated	with	female	size.	Field	
surveys	of	commercial	lobster	pot	fishing	operations	were	undertaken	in	August	and	
September	2012.	Data	on	catch	per	pot	and	string	were	recorded	together	with	landing	
practise.

	
RESULTS

Size-Fecundity Relationships in Homarus gammarus

The	total	number	eggs	per	individual	ranged	from	4,080	for	the	smallest	female	(76.6mm	
carapace	length	(CL))	to	15,522	for	the	third	largest	(103.3mm	CL).	The	number	of	eggs	per	
individual	ranged	from	4,080-8,422	for	females	below	the	minimum	landing	size	of	87mm;	
7,163-10,816	for	medium-sized	females	(88-100mm	CL)	and	10,788-15,522	for	large	
females	(≥101mm	CL).	The	estimated	number	of	eggs	per	brood	(fecundity)	was	positively	
correlated	with	carapace	length	(r	=	0.735)	(Figure	2a).	Egg	diameter	ranged	from	1.7	-	
2.4mm,	with	a	mean	of	2.05mm.	No	eggs	were	found	to	be	eyed.	Average	egg	size	per	
brood	was	also	positively	correlated	with	carapace	length	(CL)	(r	=	0.665)	(Figure	2b).

Figure	2.	Relationship	between	carapace	length	and	a)	total	egg	number	and		
(b)	average	egg	size.

Commercial catch surveys

Average	catches	ranged	between	seven	individuals	per	string	and	one	individual	per	pot	
to	22	individuals	per	string	and	two	individuals	per	pot.	The	percentage	of	catch	landed	
ranged	between	9	and	11%	and	approximately	90%	were	returned	to	the	sea	at	the	
potting	sites.	Reasons	for	not	landing	are	summarised	in	Figure	3.

Web-link	to	any	additional	material:		
http://www.qub.ac.uk/bb-old/prodohl/GEL/gel.html

	Figure	3.	Summary	of	female	catch	not	landed	during	commercial	surveys	in	two	
different	fishing	areas.	*These	females	had	not	previously	been	V-notched	but	were	
V-notched	on-board.
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PROJECT	AIMS

	 •		The	aim	of	this	project	is	to	determine	the	potential	impact	of	a	temperature	change	
in	freshwater	systems	on	the	developmental	processes	in	fish	that	result	in	variation	
which	enables	biodiversity	to	emerge.	

	
OUTCOMES	

	 •		The	data	from	this	work	have	not	yet	been	fully	analysed	but	very	preliminary	data	
suggests	indicate	that	a	small	temperature	change	resulted	in	significant	changes	
to	early	development	of	juvenile	Arctic	charr.

	 •		These	changes	are	likely	to	have	a	significant	impact	on	the	ecology	of	fish	
impacted	by	climate	change.

	
MANAGEMENT	TOOLS

	 •		This	project	provides	a	better	understanding	of	one	element	of	the	far-reaching	
effects	of	climate	change.

	 •		Specifically	this	project	identifies	possible	‘adaptations’	of	a	species	unable	to	
change	its	distribution	to	track	changing	climate.

	 •		This	study	identifies	a	number	of	possible	options	for	managing	climate	change	in	
aquatic	ecosystems.

	

	
	
	

POLICY	DRIVERS

	 •		EC	Communication	-	A	Roadmap	for	moving	to	a	competitive	low	carbon	economy	
in	2050.

	 •	Climate	Change	(Scotland)	Act	2009.

	 •	National	Climate	Change	Strategy	(Ireland)	(2000).

	 •	Scottish	Natural	Heritage	statement	on	Climate	change	and	the	natural	heritage.

	 •		Climate	Action	and	Low-Carbon	Development	National	Policy	Position	Ireland	
(2014).

	 •	EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	
BACKGROUND	

The	processes	that	have	given	rise	to	the	diversity	of	life	in	the	natural	world	are	still	very	
much	active.	Evolution	results	in	changes	to	species	we	are	familiar	with	and	over	time,	
occasionally	new	species	emerge.	Although	the	process	appears	slow,	during	times	of	
rapid	environmental	change,	the	process	of	evolution	can	also	move	surprisingly	quickly.	
We	are	currently	entering	a	period	where	rapid	change	is	projected	as	a	result	of	climate	
warming.	In	our	region	we	expect	temperatures	to	rise	by	between	2	and	5	°C.	With	
this	warming,	the	expectation	is	that	our	fauna	will	change,	with	the	loss	of	northerly	
distributed	species	and	the	extension	of	the	range	of	southern	species	with	their	arrival	
of	southern	species	at	higher	latitudes.	Thus	we	expect	to	see	‘adaptations’	in	plant	and	
animal	communities	as	they	respond	to	changes	in	the	environment.	

Freshwater	ecosystems	are	not	linked	with	each	other	and	therefore	there	is	no	corridor	
for	freshwater	species	to	easily	disperse	northwards	to	mitigate	the	effects	of	climate	
changes.	Freshwater	fish	are	one	group	where	natural	range	change	is	therefore	not	
possible.	This	project	investigates	the	possible	effect	that	temperature	change	may	have	
on	mechanisms	that	are	important	in	the	evolutionary	process	in	one	freshwater	fish	
species,	the	Arctic	charr.

	
RESEARCH	APPROACH

Eggs	of	Arctic	charr,	Salvelinus	alpinus,	were	collected	from	the	wild	in	northern	Scotland.	
Hatched	juvenile	charr	were	exposed	to	either	high	or	low	water	temperatures	that	
differed	by	4°C	in	a	replicated	controlled	experiment.	Fish	development	was	investigated	
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through	growth	rate	and	changes	to	external	anatomy	and	was	monitored	in	each	
temperature	group	over	9	months.	Anatomical	features	were	analysed	using	geometric	
shape	analysis	on	photographs	taken	throughout	this	period.	

	
RESULTS

Not	surprisingly	for	a	cold-blooded	animal,	Arctic	charr	exhibited	a	clear	growth	difference	
between	the	two	rearing	temperatures	(fish	grown	at	the	higher	temperature	had	a	higher	
growth	rate).	The	shape	of	the	body	and	head	of	charr	from	the	two	temperatures	also	
differed	significantly.	Fish	exposed	to	a	higher	temperature,	broadly	in	line	with	the	
expectations	of	global	warming,	expressed	a	head	shape	that	was	bigger	and	more	
robust	with	larger	and	stronger	jaws.	This	robust	body	and	head	shape	is	commonly	seen	
in	wild	fish	that	specialise	in	feeding	on	bottom	living	large	invertebrates.	In	contrast,	
the	fish	subject	to	low	temperatures	expressed	a	body	and	head	shape	commonly	
seen	in	fish	that	feed	upon	small	prey	items	living	in	open	water.	The	results	from	this	
set	of	experiments	strongly	point	to	climate	change	having	a	significant	impact	on	
the	processes	of	juvenile	development	and	as	a	result	this	is	also	likely	to	impact	the	
evolutionary	pathways	of	freshwater	fish.
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PROJECT	AIMS

	 •		The	aim	of	this	study	was	to	attempt	to	measure	the	potential	for	predation	by	
cormorants	on	the	migrating	salmon	and	sea	trout	populations	in	the	River	Foyle	
catchment,	Ireland.

	
OUTCOMES

	 •		This	study	indicates	that	predation	by	highly	protected	cormorants	on	another	high	
conservation	value	species,	the	salmon,	may	be	high.

	 •		It	highlights	the	need	for	further	investigation	to	examine	the	interaction	between	
these	species.	

	
MANAGEMENT	TOOLS

	 •		The	study	highlights	a	potential	wildlife	management	dilemma	between	two	
important	species.

	 •		It	provides	an	example	of	use	of	a	valuable	assessment	tool	for	determining	
interaction	between	species.	

	
POLICY	DRIVERS

	 •		EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).
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BACKGROUND	

Defining	the	best	wildlife	management	options	is	frequently	difficult	but	never	more	so	
than	when	there	are	two	species	of	high	conservation	value	where	one	is	impacting	upon	
the	other.	Both	cormorants,	Phalacrocorax	carbo,	and	Atlantic	salmon,	Salmo	salar,	have	
statutory	protection	but	cormorants	are	known	to,	at	least	at	times,	feed	upon	salmon	and	
trout.	Where	the	impact	is	negligible	there	is	no	dilemma,	however	if	there	is	the	potential	
for	impact	on	the	prey	population	then	difficult	management	issues	arise.	In	this	study,	
the	potential	for	predation	of	nesting	cormorants	on	salmon	and	sea	trout	migrating	out	to	
sea	from	the	Foyle	catchment	as	smolts	was	assessed	using	a	combination	of	real	data	
and	an	energetics	model.

	
RESEARCH	APPROACH

Information	provided	by	counts	of	birds	in	the	Foyle	catchment	was	combined	with	data	
available	on	the	energetic	requirements	of	cormorants	and	the	known	migration	period	of	
salmon	and	sea	trout	smolts	(the	juvenile	stage	in	the	life	cycle	that	migrates	to	sea	from	
freshwater).	These	formed	the	basis	of	an	arithmetical	bioenergetics	model,	which	was	
used	to	estimate	the	overall	potential	cormorant	predation	rate	on	smolts,	based	on	some	
simple	assumptions.

	
RESULTS

Predation rate of cormorants on migrating salmon and trout smolts in the Foyle 

The	output	from	the	model	indicated	that	cormorants	are	feeding	on	about	280	kgs	of	
smolts	each	day	for	the	short	period	of	the	migration	of	these	fish	through	Lough	Foyle.	
An	estimate	of	the	fraction	of	the	total	number	of	migrating	individuals	that	this	comprises	
would	suggest	that	around	48%	of	smolts	may	be	subject	to	predation.	This	is	a	high	
proportion	but	is	in	line	with	other	measurements	using	similar	and	more	direct	estimates	
from	other	studies	in	Ireland	and	Scotland.
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PROJECT	AIMS

	 •		This	project	used	statistical	techniques	to	estimate	the	sensitivity	of	a	computer	
model,	based	on	habitat	information,	used	to	estimate	the	maximum	salmon	
population	size	that	the	environment	can	sustain.

	 •		This	model	was	then	tested	against	alternative	computer	models	of	carrying	
capacity	and	the	data	and	assumptions	underpinning	these	models	were	evaluated.

	 •		The	original	carrying	capacity	model	was	then	applied	to	set	a	conservation	limit	
(the	minimum	number	of	animals	required	to	sustain	a	population)	for	a	river	
catchment	that	does	not	currently	have	a	conservation	limit	in	place.

	
OUTCOMES

	 •		The	carrying	capacity	model	was	found	to	be	robust	to	changes	in	the	variables	
that	it	uses	to	calculate	a	conservation	limit.

	 •	The	model	provided	better	quality	output	than	the	tested	alternative.

	 •	The	data	which	underpin	the	model	need	revision.

	 •	A	conservation	limit	estimated	for	the	Endrick	Water	was	shown	to	be	reasonable.

	
MANAGEMENT	TOOLS

	 •		This	project	provided	some	clarity	on	the	sensitivity	of	use	of	existing		
habitat-models	for	setting	conservation	limits	for	Atlantic	salmon.

	 •		In	one	catchment,	mechanisms	were	identified	to	strengthen	the	use	of	existing	
models	for	setting	conservation	limits.
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	 •		The	provision	of	a	target	for	conservation	of	Atlantic	salmon	for	one	new	site	
currently	designated	as	of	high	conservation	value.	

	
POLICY	DRIVERS

	 •		EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	 •	EU	Water	Framework	Directive	(EC	Council	Directive	2000/60/EC).

	
BACKGROUND	

The	management	of	Atlantic	salmon	is	overseen	at	an	international	level	by	NASCO		
(The	North	Atlantic	Salmon	Conservation	Organisation).	NASCO	recommend	that	salmon	
populations	are	managed	to	promote	the	diversity	and	abundance	of	salmon	stocks.	For	
this	purpose,	management	measures,	should	be	aimed	at	maintaining	all	salmon	stocks	
above	their	conservation	limits.	In	practice,	conservation	limits	have	to	account	for	natural	
fluctuations	in	populations,	however	the	relationship	between	the	population	size	now,	
and	some	time	in	the	future,	is	difficult	to	determine	with	certainty.	In	addition,	the	quality	
of	the	data	upon	which	estimates	of	population	size	are	made	significantly	influence	
the	ability	to	be	sure	an	appropriate	conservation	limit	is	being	achieved.	Alongside	the	
ecology,	there	may	be	the	need	to	balance	heritage	and	cultural	exploitation	expectations	
against	protection	of	the	future	population.	The	River	Foyle	(Ireland/Northern	Ireland)	and	
the	Endrick	Water	(Scotland)	both	have	salmon	populations	in	systems	designated	as	
Special	Areas	of	Conservation.	Conservation	limits	have	been	set	for	the	Foyle	but	not	
for	the	Endrick	Water.	This	study	examined	and	tested	the	strength	of	the	model	and	the	
underlying	data	used	to	calculate	conservation	limits	in	the	River	Foyle	and	applied	this	
model	to	the	Endrick	Water.

	
RESEARCH	APPROACH

The	River	Foyle	currently	has	a	conservation	limit	that	is	set	by	a	model	that	estimates	the	
carrying	capacity	of	the	river	based	on	habitat	that	is	measured	by	survey.	Like	all	models	
it	makes	a	number	of	assumptions	and	is	thus	dependant	upon	the	quality	of	the	input	
data.	This	study	used	sensitivity	analysis	and	a	Bayesian	probability	approach	to	test	the	
assumptions	and	elements	of	the	input	data.	The	study	then	applied	a	similar	model	to	
the	Endrick	Water	and	compared	the	current	habitat-based	model	against	alternatives.	

RESULTS

Setting conservation limits for Atlantic salmon 

Testing	the	sensitivity	of	the	model	currently	used	on	the	River	Foyle	showed	that	the	
model	was	resistant	to	numerical	changes	in	the	underlying	assumptions	upon	which	
it	was	based.	This	suggests	that	the	current	habitat-based	carrying	capacity	model	is	
robust.	An	analysis	of	the	habitat	data	upon	which	the	current	model	relies	indicated	that	
it	may	underestimate	the	conservation	limit	for	some	sub-catchments	in	the	River	Foyle.	
The	application	of	alternative	models	to	the	River	Foyle	would	almost	certainly	result	in	
poorer	estimates	of	useful	conservation	limits.

Application	of	a	habitat	carrying	capacity	model	to	the	Endrick	Water,	using	locally	
collected	data,	successfully	determined	a	conservation	limit	that	is	in	line	with	estimates	
from	alternative	routes	and	thus	seems	reasonable.
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PROJECT	AIMS

	 •		To	examine	any	change	in	the	eel	population	of	the	Foyle	estuary	over	46	years.

	
OUTCOMES

	 •		Surveys	in	the	Foyle	estuary	over	46	years	indicate	a	decline	in	the	eel	population	to	
about	3%	of	historical	levels.	

	 •	Although	dramatic,	this	is	consistent	with	data	from	elsewhere	in	Europe.

	
MANAGEMENT	TOOLS

	 •		This	study	identifies	eels	in	estuaries	and	particularly	in	the	Foyle	catchment	in	need	
of	management.

	
POLICY	DRIVERS

	 •		EU	Eel	legislation	(EU	Council	Regulation	No.	1100/2007).

	 •	EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	
BACKGROUND	

Rapid	declines	in	the	European	eel	populations	across	Europe	have	been	recorded	in	
most	places	although	there	is	good	evidence	from	long	term	data	that	this	decline	has	
not	occurred	in	catchments	in	north	and	central	western	Scotland.	The	Foyle	catchment,	
Ireland/Northern	Ireland	discharges	north	from	the	island	into	the	Atlantic,	and	close	to	
Scottish	sites	that	would	appear	to	have	stable	eel	populations.	It	is	thus	reasonable	to	
expect	that	the	eel	population	in	the	Foyle	might	also	be	stable	over	time.	A	survey	of	eels	
from	1967	was	repeated	in	2013	to	look	for	long	term	change.

RESEARCH	APPROACH

Eels	were	surveyed	in	the	Foyle	estuary	in	1967	by	a	fyke	trap.	This	survey	was	repeated	
using	exactly	the	same	techniques	at	exactly	the	same	places	and	for	the	same	period	of	
time.	Ten	traps	were	set	on	each	of	4	nights	in	August	1967	and	again	in	2013.	The	fish	
caught	were	counted	and	measured.

	
RESULTS

Long term change in eel populations in the Foyle over 46 years

The	total	catch	of	eels	in	the	study	in	1967	was	1568	fish;	in	2013	the	study	recorded	
a	catch	of	only	53	fish.	This	change	in	catch	indicates	a	reduction	in	population	size	to	
around	3%	of	that	recorded	in	1967.	This	is	a	major	decline,	but	one	that	is	consistent	
with	other	sites	in	Europe.

	 	

Histograms	of	the	
lengths	of	eels	
captured	during	
studies	in	1967	
compared	to	2013.	
ML	-	mean	length,		
n	-	number	of	
individuals	captured.
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PROJECT	AIMS	

	 •		To	examine	the	factors	influencing	infection	of	an	invasive	nematode	parasite	of	
eels.

	 •	To	determine	the	impact	of	a	nematode	infection	on	eel	buoyancy	regulation.

	
OUTCOMES

	 •		Recording	and	confirmation	of	the	eel	parasite	Anguillicola	crassus	for	the	first	time	
from	Loch	Lomond.

	 •		The	infection	of	eels	by	the	parasite	is	dependent	upon	the	feeding	ecology	of	
individual	fish.	Those	specialising	in	feeding	on	other	fish	have	a	relatively	low	
infection	rate.

	 •		The	parasite	significantly	impacts	upon	the	ability	of	its	host	to	regulate	buoyancy	-	
a	critical	function	for	eels.

	
MANAGEMENT	TOOLS

	 •		Infection	by	this	parasite	and	its	consequences	are	likely	to	be	negatively	impacting	
the	already	critically	endangered	freshwater	eel	populations.

	 •		This	work	highlights	the	urgent	need	for	biosecurity	management	to	prevent	the	
spread	of	this	parasite.
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POLICY	DRIVERS

	 •		Council	Regulation	(EC)	No	1100/2007	establishing	measures	for	the	recovery	of	
the	stock	of	European	eel.

	 •		Regulation	(EU)	No	1143/2014	of	the	European	Parliament	and	of	the	Council	on	
the	prevention	and	management	of	the	introduction	and	spread	of	invasive	alien	
species.

	 •		EC	directive	92/43/EEC	on	the	conservation	of	natural	habitats	and	of	wild	fauna	
and	flora.

BACKGROUND	

The	European	eel	has	been	declining	rapidly	across	Europe.	Populations	are	thought	to	
be	below	sustainable	limits	and	there	is	now	a	major	impetus	for	conservation	of	this	
species.	One	potential	factor	affecting	eels	has	been	the	rapid	spread	of	an	invasive,		
non-native	nematode	parasite	Anguillicola	crassus	which	was	accidently	introduced	to	
Europe	from	Japan.	Since	its	arrival	it	has	been	rapidly	spreading	to	new	populations.	
In	this	study	we	examine	its	recent	arrival	in	one	site	from	which	it	has	been	previously	
absent	and	examine	the	consequences	for	the	host.

Anguillicola	crassus	infects	the	swim	bladder	of	fish	(the	organ	that	fish	use	to	control	
buoyancy).	To	determine	the	impact	of	the	parasite	on	the	swim	bladder,	we	measured	
the	elasticity	of	this	organ	(critical	to	its	function)	in	infected	and	uninfected	fish.

	
RESEARCH	APPROACH

Eels	were	collected	by	fyke	trap	from	Loch	Lomond	in	summer	2013	and	analysed	for	
the	infection	by	the	nematode	parasite.	Muscle	tissue	was	analysed	for	stable	isotopes	
to	determine	long	term	feeding	strategies.	The	swim	bladders	of	infected	and	uninfected	
eels	were	removed	by	dissection	and	a	number	of	characteristics	of	the	organ	measured,	
including	elasticity	using	air	pressure	to	determine	its	expansion	capabilities.

RESULTS

The recent arrival of a new parasite of eels 
in Loch Lomond 

The	nematode	parasite	Anguillicola	crassus	
had	been	absent	from	the	eel	population	of	
Loch	Lomond	until	its	discovery	in	2013.	A	
sample	of	eels	showed	that	44%	were	infected	
(compared	to	zero	infections	detected	in	2012).	
The	infected	eels	were	on	average	smaller	in	
size	and	analysis	of	muscle	tissues	showed	
that	infected	eels	were	more	likely	to	have	been	
feeding	extensively	on	invertebrate	prey;	with	
eels	feeding	on	other	fish	being	relatively	less	
infected.

The impact of nematode infection on the eel 
host 

The	elasticity	of	the	swim	bladder	in	infected	
eels	was	significantly	lower	than	in	those	that	
were	uninfected.

The	loss	of	elasticity	will	result	in	a	significant	
loss	of	function	in	this	organ,	reducing	the	
ability	of	infected	fish	to	regulate	buoyancy	and	
thus	position	in	the	water	column.

The	elasticity	of	the	swim	
bladder	in	infected	eels	is	
significantly	lower	than	in	
uninfected	eels.

Eel	swim	bladder	infected	
with	the	parasite	Anguillicola	
crassus.
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PROJECT	AIMS	

	 •		To	screen	potential	alternative	chemical	agents	for	their	efficacy	in	control	of	
crayfish	infestation.

	 •		To	determine	the	minimum	concentrations	required	for	effective	crayfish	control	at	
different	life	stages.

	
OUTCOMES

	 •		Juvenile	crayfish	were	most	sensitive	to	two	potential	control	agents	from	the		
3	tested.

	 •		Surprisingly,	some	crayfish	families	showed	sensitivities	that	were	10	times	greater	
than	for	others.	

	 •		The	effectiveness	of	the	most	promising	control	agent	was	reduced	by	50%	after	24	
hours	as	a	result	of	chemical	breakdown	in	solution.

	
MANAGEMENT	TOOLS

	 •		This	project	identifies	additional	chemical	control	agents	for	the	treatment	of	North	
American	signal	crayfish.

	 •	It	provides	detailed	information	on	potential	effective	chemical	control	regimes.

POLICY	DRIVERS

	 •		EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	
BACKGROUND	

Species	that	are	invasive	and	have	been	introduced	outside	their	natural	range	comprise	
one	of	the	biggest	threats	to	biodiversity	globally.	The	North	American	signal	crayfish,	
Pacifastacus	leniusculus,	has	been	introduced	across	much	of	Europe	in	the	last	century,	
reaching	Scotland	in	1995.	The	species	has	been	found	to	be	invasive	and	results	in	
biodiversity	loss,	direct	completion	with	native	species	and	can	significantly	modify	rivers	
and	lake	systems	through	its	burrowing	behaviour.	Partly	because	it	spends	some	parts	
of	its	time	in	burrows	and	partly	because	it	can	establish	very	large	populations	in	large	
waterbodies,	a	mechanism	for	control	of	this	species	once	it	has	become	established	
has	been	very	difficult	to	find	.	The	most	promising	method	of	eradication	from	a	site	is	to	
use	a	chemical	control	agent,	however	this	methodology	is	difficult	for	many	waters	and	
carries	with	it	a	risk	to	the	native	fauna	and	the	risk	of	failure	to	eliminate	all	individuals	of	
the	invasive	species	population.	In	this	study	we	examine	some	of	the	alternative	agents	
for	chemical	control,	examine	their	efficacy	and	quantify	their	effective	concentrations.

	
RESEARCH	APPROACH

Three	potential	chemical	agents	(Pyblast,	Deltamethrin	and	Salmonsan)	with	potential	for	
the	control	of	signal	crayfish	were	tested	in	toxicity	tests.	The	tests	used	were	industry	
standardised	toxicity	tests.	The	effective	maximum	and	minimum	exposure	concentration	
differences	for	juveniles	and	variations	in	the	effect	of	the	control	agent	between	families	
were	examined	only	for	Pyblast.	Adult	animals	were	collected	from	an	established	
invasive	population	in	the	wild	and	held	in	disease	containment	facilities.	Juveniles	were	
hatched	from	females	carrying	eggs,	which	were	also	obtained	from	the	wild.

	
RESULTS

Effect of treatment agents on adult and juvenile crayfish

All	agents	used	in	this	study	were	effective	in	controlling	adult	signal	crayfish.	Adults	
were	most	sensitive	to	Deltamethrin,	least	sensitive	to	Salmonsan	with	Pyblast	being	
intermediate	in	efficacy.	
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Similarly,	juveniles	were	most	affected	by	Deltamethrin	and	Pyblast.	Sequential	analysis	of	
Pyblast	treatments	indicated	that	the	effectiveness	of	the	treatment	had	reduced	by	50%	
after	24	hours	in	water	as	a	result	of	denaturing	of	the	active	chemical	agents.	Juveniles	
from	different	families	responded	differently	to	exposure	to	the	treatment	of	Pyblast,	with	
a	ten	fold	difference	in	concentrations	required	for	effective	control.	This	highlights	the	
potential	complications	in	eradicating	invasive	populations	in	the	wild	where	similar	or	
larger	variation	in	sensitivity	to	chemical	treatment	might	be	present.

Impact of the spread of feral Pacific oyster 
Crassostrea gigas on the European oyster 
Ostrea edulis and the environment
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PROJECT	AIMS	

	 •		Identifying	the	spread	of	wild	Crassostrea	gigas	in	Ireland.

	 •		Investigating	if	the	presence	of	C.	gigas	has	an	effect	on	the	native	oyster	Ostrea	
edulis.

	 •	Investigating	if	C.	gigas	interacts	differently	with	the	environment	than	O.	edulis

	
OUTCOMES	

	 •		Population	expansions	of	C.	gigas	have	been	found	in	confined	areas.	However	
most	populations	seem	to	be	stable	or	declining.

	 •		The	presence	of	C.	gigas	may	affect	growth	rates	of	O.	edulis,	possibly	as	a	result	
of	competition	for	food.	

	 •		C.	gigas	may	enhance	nutrient	cycling	in	an	ecosystem	with	great	fluctuations	over	
time	whereas	O.	edulis	seems	to	have	a	stabilising	effect	on	nutrient	cycling.

	
MANAGEMENT	TOOLS

	 •		Licenses	for	C.	gigas	cultures	should	only	be	provided	in	areas	with	high	water	flux	
to	prevent	seawater	temperature	reaching	the	required	levels	for	C.	gigas	to	breed.	
Farmers	should	be	encouraged	to	use	triploid	oysters.	If	breeding	should	occur	an	
increased	seawater	flux	will	disperse	larvae	more	rapidly	and	limit	their	ability	to	
settle.	A	monitoring	scheme	should	also	be	set	in	place.
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	 •		If	subtidal	O.	edulis	beds	are	infested	with	C.	gigas,	it	might	be	useful	to	provide	
vertical	settlement	substrate	in	these	areas	as	C.	gigas	seems	to	facilitate	growth	
rates	and	reduce	mortalities	of	O.	edulis	in	a	vertical	orientation.	However	so	far	this	
has	only	been	tested	on	caged	treatments.

	
POLICY	DRIVERS

	 •		Habitats	Directive	92/43/EEC,	amended	by	97/62/EC	and	2006/105/EC,	including	
Marine	Conservation	Zones.

	 •	 Marine	Strategy	Framework	Directive	2008/	56/	EC.

	
BACKGROUND	

Globally	species	distribution	ranges	are	expanding,	owing	to	increased	globalisation	
of	human	activity.	The	spread	of	non-native	species	is	particularly	enhanced	by	marine	
traffic	and	aquaculture.	One	such	species	that	is	distributed	by	these	vectors	is	the	
Pacific	oyster,	Crassostrea	gigas,	which	has	been	introduced	worldwide	for	aquaculture.	
Initially	C.	gigas	was	unable	to	establish	wild	populations	in	North-west	Europe	because	
seawater	temperatures	required	by	this	oyster	to	reproduce	were	not	sustained	in	most	
of	the	regions.	However,	the	recent	increase	in	mean	seawater	temperature	in	Western	
Europe	has	created	more	suitable	breeding	conditions	for	C.	gigas	in	sheltered	bays.		
The	encroachment	of	C.	gigas	onto	the	habitat	of	the	native	oysters	constitutes	a	
potential	risk	for	native	oyster	fisheries,	such	as	those	in	Lough	Foyle	and	Lough	Swilly	
because	the	impacts	of	C.	gigas	on	O.	edulis	and	its	habitat	are	unknown.

	
RESEARCH	APPROACH

Surveys	were	carried	out	across	Ireland	to	monitor	the	spread	of	C.	gigas.	A	series	of	
field	experiments	in	Lough	Foyle	and	Strangford	Lough	was	established.	Artificial	oyster	
reefs	were	created,	where	the	abundance	of	both	oysters	was	manipulated,	to	study	the	
effect	of	C.	gigas	on	O.	edulis	and	on	the	environment.	The	facilitation	of	nutrient	cycling	
by	both	oysters	was	studied,	looking	at	nutrient	concentration	in	pore	water.	Additionally	
differences	in	biodiversity	supported	by	the	two	oysters	were	studied.	Differences	in	
growth	rates	were	used	to	investigate	the	effect	of	C.	gigas	on	O.	edulis.	Stable	Isotope	
Analysis	of	oyster	gills	and	mantles	should	reveal	differences	in	their	diets.	

RESULTS

Population dynamics of feral C. gigas in Northern Ireland and Ireland

In	2009/10	previous	field	surveys	estimated	the	distribution	and	density	of	Crassostrea	
gigas	in	Lough	Foyle,	Lough	Swilly,	other	locations	in	the	Republic	of	Ireland	and	
Strangford	Lough.	These	surveys	were	repeated	during	the	present	study.	Generally	
the	abundance	of	C.	gigas	had	slightly	decreased	apart	from	two	sites	at	the	Shannon	
Estuary	and	one	site	in	Lough	Swilly	(Figure	1)	where	the	abundance	of	oysters	had	
stayed	similar	or	increased	slightly.	No	evidence	was	found	of	feral	settlement	in	
Carlingford	Lough.

Ecological niches of O. edulis and C. gigas and consequences of cohabitation

The	intraspecific	competition	affecting	the	growth	rate	of	O.	edulis	was	determined	by	
manipulating	oyster	abundance	in	the	subtidal	and	intertidal	zones	of	Strangford	Lough,	
in	a	vertical	and	horizontal	position	(Figure	2).	Preliminary	results	suggest,	C.	gigas	
has	a	negative	impact	on	growth	rate	and	mortality	of	horizontally	orientated	subtidal	
assemblages	of	O.	edulis	but	seems	to	facilitate	growth	and	reduce	mortality	in	vertically	
orientated	mixed	assemblages	compared	to	mono	assemblages	of	O.	edulis.	In	the	
intertidal	zone	the	presence	of	C.	gigas	only	seemed	to	affect	mortalities	negatively.	

Figure	1.		Oyster	survey	in	
Lough	Swilly.
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Impacts of the spread of C. gigas on the ecological habitat 

Artificial	oyster	reefs	were	created	in	different	densities	and	compositions	on	a	tidal	
mudflat	in	Lough	Foyle	(Figure	3	and	4)	and	nutrient	concentrations	of	porewater	samples	
were	measured	to	look	at	the	difference	in	facilitation	of	nutrient	cycling	by	both	oyster	
species.	O.	edulis	seems	to	have	a	more	stabilising	effect	on	nutrient	fluxes	throughout	
the	year	than	C.	gigas.

	Figure	2.	Final	preparation	
of	experiment	before	
submersing	it	onto	the	
seabed	in	Strangford	
Lough.

	Figure	3.	Set-up	of	
experiment	in	Lough	Foyle.

	Figure	4.	Example	of	a	
sampling	plot	with	a	mixed	
assemblage	(O.	edulis	and	
C.	gigas)	at	a	high	density.
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PROJECT	AIMS	

	 •		Investigate	key	aspects	of	native	oyster	biology	and	ecology	to	develop	methods	
for	sustaining	and	regenerating	populations.

	 •		Carry	out	large-scale	field	based	experiments	to	provide	science-based	evidence	
for	oyster-stock	restoration	and	management	using	Lough	Foyle	as	a	model	
system.

	 •		Investigate	balancing	environmental	obligations	with	commercial	needs	in	a	
managed	fishery.

	
OUTCOMES	

	 •		Combined	with	fishing	mortality	and	the	presence	of	the	Bonamia	parasite,	the	main	
threat	to	future	sustainability	in	Lough	Foyle	is	sporadic	natural	recruitment.	The	
population	is	currently	highly	reliant	on	extensive	beds	of	low	densities	of	young,	
small	oysters	for	its	reproductive	output.	

	 •		Reconditioning	oyster	beds	using	the	harrowing	technique	is	not	appropriate	
for	Lough	Foyle	because	it	does	not	result	in	an	increase	in	spat	settlement.	
Experimental	addition	of	cultch	at	selected	sites	did	not	lead	to	an	increase	in	spat	
settlement.	This	may	have	been	due	to	low	planktonic	larval	densities.

	 •		Experiments	with	two	stocking	densities	equivalent	to	8.4	oysters/m2	and	28	
oysters/m2	in	areas	closed	to	fishing	activity	demonstrated	that	stocking	density	
and	site	significantly	influenced	oyster	reproductive	activity,	mortality,	shell	size	and	
condition,	together	with	the	composition	of	the	associated	benthic	community.	
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MANAGEMENT	TOOLS

	 •		The	project	has	generated	a	range	of	empirical	data	for	key	areas	such	as	oyster	
reproductive	cycles,	habitat	enhancement	techniques	and	oyster	competitors	
to	produce	recommendations	and	guidelines	for	targeting	management	and	
restoration	efforts.	

	 •		Establishing	broodstock	reservoirs	would	assist	with	meeting	commercial	and	
environmental	regeneration	obligations	and	feed	into	the	marine	conservation	zones	
process.

	 •		The	project	has	also	developed	protocols	and	key	audit	points	for	on-going,	
scientifically	driven	monitoring	of	the	oyster	population	and	habitat.	This	is	
important	for	identifying	threats	and	tracking	change	over	time.	Actively	developing	
co-management	and	adaptive	management	approaches	will	also	benefit	
sustainability	of	the	fishery.

	
POLICY	DRIVERS

	 •		Habitats	Directive	92/43/EEC,	amended	by	97/62/EC	and	2006/105/EC,	including	
Marine	Conservation	Zones.

	 •	Marine	Strategy	Framework	Directive	2008/	56/	EC.

	 •		European	“Blue	Growth”	policies	promoting	aquaculture,	involving	stakeholders	and	
protecting	both	the	environment	and	rural	economies.

	
BACKGROUND	

Oyster	populations	worldwide	have	decreased	by	85%.	Ostrea	edulis,	the	only	oyster	
species	native	to	European	waters,	has	been	in	decline	throughout	its	natural	distribution	
range	over	the	past	150	years.	The	decline	was	largely	caused	by	overexploitation	
when	oysters	were	a	staple	part	of	people’s	diets;	other	contributory	factors	included	
disease	outbreaks,	loss	of	habitat	and	the	oyster’s	reproductive	strategy.	Oysters	are	
ecosystem	engineers,	creating	complex	habitat	for	other	species	and	enhancing	water	
quality.	Recognition	of	their	ecological	importance	is	leading	to	the	unusual	situation	of	
a	commercially	exploited	species	being	increasingly	subject	to	conservation	legislation.	
At	the	same	time,	European	policy	is	also	driving	the	“Blue	Growth”	sector,	seeking	to	
enhance	aquaculture	production,	involve	stakeholders	and	safeguard	rural	economies.	
There	are	therefore	requirements	for	managers	and	fishers	to	conserve	populations	and	
find	methods	to	balance	environmental	and	commercial	requirements.	It	is	therefore	

important	for	managers	to	have	empirical	data	and	a	suite	of	tools	available	to	meet	these	
statutory	obligations.

	
RESEARCH	APPROACH

Large-scale	field	experiments	and	trials	were	carried	out	in	Lough	Foyle	to	test	
hypotheses	and	techniques	to	produce	recommendations	and	guidelines	for	regeneration	
projects.	In	addition,	existing	oyster	knowledge	was	drawn	together	by	researching	the	
literature	of	the	past	150	years,	visiting	other	oyster	production	areas	and	hatcheries	and	
attending	oyster	regeneration	workshops.	

	
RESULTS

Investigating oyster reproductive cycles in a managed fishery

The	Lough	Foyle	fishery	relies	upon	natural	settlement.	Recruitment	can	be	sporadic	and	
unpredictable,	leading	to	“boom	and	bust”	cycles.	The	breeding	season	occurs	between	
June	and	September,	with	peak	brooding	between	25th	July	and	5th	August	each	year	
(Figure	1).	Temperature	changes	influenced	fluctuations	in	numbers	of	brooding	oysters	
and	planktonic	larval	abundances.	Oysters	were	found	to	be	brooding	after	the	fishing	
season	opened	and	at	temperatures	below	the	published	thresholds	for	O.	edulis.	Brood	
sizes	were	highly	variable	and	a	significant	weak	correlation	with	adult	shell	size	was	
found.	The	Foyle	population	is	currently	highly	reliant	upon	oysters	of	less	than	80mm	
minimum	landing	size	for	its	reproductive	output.	A	good	spatfall	only	occurred	in	one	
year	out	of	the	three	years	studied	from	2012-2014.	These	factors	are	combining	to	
impact	on	settlement	and	reduce	the	number	of	recruits.	Spawning	stock	biomass	needs	
to	be	increased	to	remove	a	significant	threat	to	sustainability.
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Harrowing - is there scientific support for this 
traditional technique of reconditioning oyster 
beds to enhance settlement?

Experimental	harrowing	(raking	beds	to	expose	
clean	shell	and	remove	debris	and	silt)	was	
carried	out	on	three	2ha	plots	(Figure	2).	Spat	
settlement	and	substratum	condition	was	
compared	to	three	2ha	fallow	areas.	The	study	
found	that	the	difference	in	substratum	between	
the	areas	was	not	significant	and	oyster	spat	were	
more	abundant	in	unharrowed	areas.	The	only	
previous	scientific	study	of	harrowing	suggested	
that	the	process	had	a	negative	impact	on	growth	
and	survival	of	oysters.	Historical	literature	
indicates	that	harrowing	is	most	effective	in	
very	muddy	grounds	and	where	slipper	limpets	
(Crepidula	fornicata)	are	highly	abundant.	Lough	
Foyle’s	beds	are	effectively	heavily	harrowed	
during	the	fishing	season.		
The	adoption	of	this	technique	cannot	be		
recommended	for	the	Foyle	and	cultch	addition	to	
enhance	settlement	should	be	trialled	instead.	

Figure	2.	Skeleton	dredge	working	
on	the	seabed	to	“harrow”	or	
turnover	shell	to	expose	unfouled	
surfaces	and	to	dislodge	debris	
and	silt.

Figure	1.	Number	of	brooding	
oysters	in	relation	to	sea	water	
temperatures	in	Lough	Foyle	
over	the	summer	weeks	of	
sampling	for	3	years	2012-2014.	
There	were	higher	numbers	of	
brooding	oysters	in	2014	and	the	
breeding	season	extended	into	
October	owing	to	temperatures	
consistently	exceeding	15		
degrees	C.

Role of effects of increasing density and removal 
of fishing pressure on O. edulis and associated 
species in regeneration areas

The	project	established	two	experimental	areas	
in	Lough	Foyle	which	were	closed	to	fishing	one	
year.	Oysters	were	deployed	in	storage	pots	(“reef	
modules”)	at	two	different	densities	(30	(low)	
and	100	(high)	per	pot;	(Figure	3).	Growth	and	
survival	of	oysters	was	monitored	at	quarterly	
intervals.	Colonisation	by	other	species	was	also	
investigated.	There	were	noticeable	differences	
in	survival	between	the	two	sites,	together	with	
species	richness	of	associated	macrofauna.	
The	experiment	has	demonstrated	that	areas	
can	be	closed	to	fishing	in	the	lough	and	the	
results	will	inform	the	consultation	process	for	
the	establishment	of	Marine	Conservation	Zones.	
Future	management	could	involve	establishing	
broodstock	sanctuaries,	either	on	a	permanent	or	
rotational	closure	basis.

	Figure.	3:	Regeneration	areas	
pots	being	redeployed	after	
sampling.	The	pots	acted	as	
“reef	modules”,	allowing	oysters	
and	colonisation	by	associated	
biodiversity	to	be	monitored	over	
a	12-month	period.	When	this	
photograph	was	taken	in	Spring	
2014,	the	pots	had	numerous	
common	whelk	(Buccinum	
undatum)	egg	masses	attached.



	 9190	 •	IBIS	•	Loughs	Agency	•	University	of	Glasgow	•	Queen’s	University	Belfast	• •	IBIS	•	Loughs	Agency	•	University	of	Glasgow	•	Queen’s	University	Belfast	•

Developing best practice for O.edulis 
fisheries management in Loch Ryan, 
Scotland

Author:	Lawrence	E	Eagling

Supervisors:		Dr	Dai	Roberts,	Dr	Nessa	O’Connor,	Dr	Elizabeth	Ashton

Acknowledgements:		The	Wallace	family,	Tristan	Hugh-Jones,	Rob	Lamont	and	John	Mills	
of	the	Loch	Ryan	Oyster	Fishery	Company	Ltd.

Location	of	full	report:		http://www.loughs-agency.org/ibis/the-project/research

PROJECT	AIMS	

	 •		To	examine	the	evolving	structure	of	management	within	the	fishery	by	studying	the	
past	leases	and	current	license.

	 •		To	investigate	the	structure	of	the	oyster	population	in	Loch	Ryan	and	monitor	the	
landings	over	time	and	how	this	changes.

	 •		To	investigate	the	reproductive	potential	of	the	population	including	the	sex	ratio,	
progression	through	the	reproductive	cycle	and	the	number	of	larvae	per	oyster.

	
OUTCOMES

	 •		Examination	of	the	past	leases	has	shown	that	the	Loch	Ryan	management	has	
evolved	over	the	past	85	years	to	maintain	the	viability	of	the	fishery.

	 •		The	landings	within	the	fishery	have	remained	constant	with	the	same	fishing	
pressure	each	year.

	 •		The	sex	ratio	of	the	population	is	significantly	balanced	compared	to	other	recent	
oyster	studies.

	
MANAGEMENT	TOOLS

	 •		Oyster	relaying	beds	should	be	maintained	as	these	have	shown	significant	benefits	
to	bed	density	which	will	aid	recruitment.

	 •		Long	term	interest	should	be	given	to	fishermen	to	ensure	long	term	sustainability	
of	fisheries.

	 •		Measurements	of	the	percentage	of	oysters	brooding	should	be	maintained	as	a	
proxy	for	the	sex	ratio	and	reproductive	potential	of	the	population.

POLICY	DRIVERS

	 •		Marine	Strategy	Framework	Directive.

	 •	EU	Habitats	Directive.	

	 •	Biodiversity	Action	Plan	species.

BACKGROUND	

Native	oyster	fisheries	were	once	abundant	throughout	the	United	Kingdom,	however	
over	the	last	century	the	populations	have	been	in	decline,	which	has	been	attributed	to	
factors	including	overfishing	and	disease,	the	native	oyster	is	now	listed	under	OSPAR	
and	is	a	UKBAP	species.	Loch	Ryan	has	been	a	private	fishery	since	1701	when	the	
fishing	rights	were	given	to	the	Wallace	family	under	royal	charter	by	King	William	III,	the	
fishery	peaked	around	1913	with	a	production	of	1.3	million	oysters.	Alongside	the	current	
biological	and	management	analysis	of	the	Loch,	historical	family	records	are	being	
investigated	which	has	provided	an	insight	into	the	evolution	of	the	legal	parameters	used	
to	manage	the	fishery	successfully	over	the	past	century.	

	
RESEARCH	APPROACH

This	investigation	was	based	on	a	
mixture	of	field	work,	historical	data	
collection	and	laboratory	analysis.	
A	large	aspect	of	the	work	was	
collaborating	with	the	fishermen	in	
Loch	Ryan	to	gain	an	insight	to	the	
work	that	is	currently	undertaken	there	
and	the	number	of	oysters	landed.	
Over	the	past	three	years	oysters	were	
sampled	monthly	for	size,	biomass	
and	sex.	Environmental	factors	were	
also	considered	with	temperature	and	
chlorophyll	recordings	being	taken		
along	with	a	sonar	survey	of	the	seabed	
and	video	surveys	(Figure	1).

Figure	1.	Recording	footage	from	the	Spyball	
video	camera.
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RESULTS

Incentives of a resource owner: Loch Ryan as a case study of a single private owned 
oyster fishery

The	Loch	Ryan	fishery	has	been	privately	owned	since	1701	and	the	Wallace	family	has	
managed	it	since.	It	is	unclear	how	the	fishery	was	managed	before	1884	however	since	
then	it	has	been	controlled	by	a	combination	of	licenses	and	leases.	For	the	past	85	years	
the	fishery	has	been	managed	by	5	leases	and	the	current	license.	To	assess	how	a	single	
owner	controls	a	resource	the	changing	clauses	within	the	leases/license	were	examined	
including	the	payment	schemes,	penalty	and	fishing	activity	clauses.	Over	this	time	the	
management	has	evolved	to	ensure	a	sustainable	approach	for	the	future	and	maintaining	
the	viability	of	the	fishery.

 
The effect of fishing pressure on population  
structure and landings

Over	the	past	three	years	the	landings	data		
has	been	collected	from	the	fishermen	and		
this	is	still	ongoing	(Figure	2).	They	record		
the	daily	landings,	relaid	baskets	and	the		
average	number	of	live	oysters	relaid	monthly.		
The	results	so	far	indicate	that	the	landings		
are	fairly	consistent	each	year	whilst	the		
fishermen	have	maintained	the	same	fishing		
pressure.	The	population	structure	has	been		
monitored	over	the	past	three	fishing	seasons		
to	measure	the	size	of	the	oysters	and	the		
overall	biomass	(shell	and	tissue	wet	weight).		
Over	the	past	two	fishing	seasons	the	peak		
of	the	size	class	graph	has	shifted	to	the	right		
by	one	size	class	(60-70mm),	providing	a		
greater	number	of	large	oysters	for	spawning.

Figure	2.	Oyster	dredge	with		
contents	on	sorting	table.

The importance of a balanced sex ratio and high stocking density

Recruitment	is	vital	for	the	continuation	of	the	fishery	as	the	population	in	Loch	Ryan	
relies	completely	on	natural	spat	settlement.	This	is	controlled	by	the	density	of	the	
population,	the	potential	of	the	oysters	to	reproduce	and	the	culch	(settlement	substrate)	
available.	The	density	of	the	population	within	the	Loch	has	been	enhanced	by	the	use	
of	relaying	beds	over	the	past	4	years;	in	these	areas	the	fishermen	relay	all	oysters	that	
are	too	small	or	large	for	landing,	and	all	old	shell	for	use	as	cultch.	The	sex	ratio	of	the	
population	has	been	shown	to	be	more	balanced	than	other	recent	studies	around	the	
UK	and	this	should	aid	the	possibility	of	recruitment.	The	overall	effect	of	these	factors	
has	seemed	to	benefit	the	percentage	of	oysters	brooding	larvae	(Figure	3),	as	in	the	last	
two	years	the	percentage	has	been	higher	than	reported	elsewhere	in	the	literature	and	in	
recent	UK	findings.

	Figure	3.	Oyster	larvae.
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PROJECT	AIMS

	 •		Assessment	of	molecular	tools	for	describing	population	structure	and	traceability	
of	European	oysters.

	 •	 Mitochondrial	(mt)	and	nuclear	marker	development/assessment.

OUTCOMES

	 •		Preliminary	results	indicate	that	the	molecular	markers	developed/assessed	in	this	
study	can	provide	useful	information	about	the	European	oyster	population	stock	
structure.

	 •		Despite	known	history	of	movement	of	oysters	throughout	distribution	range	
(commercial	operations),	preliminary	data	indicates	the	existence	of	population	
structuring.	This	suggests	that	stocked	oysters	are	not	contributing	to	local	stock	
recruitment.	

MANAGEMENT	TOOLS

	 •		Given	putative	genetic	differences	between	oyster	stocks	from	different	
geographical	regions,	molecular	tools	could	be	reliably	used	to	monitor	change	in	
population	stock	structure	and	the	origin	of	stocked	individuals	(i.e.	traceability).	
This	should	assist	the	prevention	of	spread	of	diseases.

	 •		Key	usage:	Restoration	ecology;	conservation	genetics;	biodiversity	identification;	
population	genetic	structure;	pathogens;	fisheries	management;	local	adaptation.

POLICY	DRIVERS

	 •		The	results	of	this	study	will	contribute	to	the	policy	development	for	stocking;	
farming,	disease	mitigation	and	management	of	wild	populations	the	flat	oyster	
at	national	and	European	levels.	These	are	key	issues	within	the	Shellfish	Waters	
Directive	and	the	Common	Fisheries	Policy.

	
BACKGROUND	

The	European	flat	oyster	has	been	harvested	for	over	6000	years.	As	a	consequence	
of	overexploitation,	unregulated	movement	of	individuals	and	diseases	(e.g.	Bonamia,	
Martelia)	natural	stocks	are	now	in	decline.	Genetic	tools	have	been	successfully	used	
in	fisheries	management	but	a	lack	of	informative	genetic	markers	for	European	oysters	
means	there	is	only	limited	information	available	on	flat	oyster	population	genetics.	Using	
a	combination	of	modern	molecular	approaches,	this	study	aims	to	develop	and	evaluate	
genetic	tools	to:	1)	characterise	geographical	patterns	of	population	subdivision;	2)	
assess	the	potential	impact	of	unregulated	movement	of	individuals	(e.g.	translocations)	
have	on	native	stocks;	3)	increase	our	understanding	of	the	mechanisms	underlying	
observed	variation	in	parasite	tolerance	among	different	populations.	This	information	
can	be	used	to	better	inform	management	decisions	in	order	to	ensure	the	long	term	
sustainability	of	stocks.

	
RESEARCH	APPROACH

To	date,	flat	oysters	samples	were	obtained	from	14	European	locations	(Figure	1)	
representing	the	natural	distribution	range	of	the	species	in	addition	to	three	locations	
in	the	Atlantic	coast	of	North	America	where	the	species	has	been	introduced.	DNA	
extraction	was	carried	out	from	gill	tissue	or	adductor	muscle.	Based	on	information	



	 9796	 •	IBIS	•	Loughs	Agency	•	University	of	Glasgow	•	Queen’s	University	Belfast	• •	IBIS	•	Loughs	Agency	•	University	of	Glasgow	•	Queen’s	University	Belfast	•

Figure	1.	Flat	oyster	sampling	
locations	in	the	species’	natural	range.

available	on	the	GeneBank	genomic	database,	
33	Polymerase	Chain	Reaction	(PCR)	primer	
pairs,	covering	the	entire	mitochondrial	genome	
of	the	species	were	designed	and	used	to	amplify	
mitochondrial	DNA	fragments	for	re-sequencing.	
Novel	data	representing	full	mitochondrial	
genomes	were	obtained	for	40	individuals	
representing	the	Flat	oyster’s	natural	range.	
Samples	were	also	genotyped	at	15	microsatellite	
loci.	

	
RESULTS

Mitochondrial re-sequencing and SNP 
discovery

Forty	nearly	complete	mitochondrial	genomes	
(0.05%	missing	data)	were	successfully		
re-sequenced.	Sequence	alignment	revealed	the	
presence	of	Single	Nucleotide	Polymorphisms	
(SNPs),	304	of	which	were	parsimony	informative,	
and	hence	can	be	used	for	subsequent	
population	studies	of	flat	oysters.	Based	on	the	
available	data,	these	sites	formed	36	unique	
haplotypes.	A	median-Joining	haplotype	network	
(Figure	2)	illustrates	the	genetic	relationship	
among	these	haplotypes.	There	is	a	high	level	
of	genetic	diversity	and	the	presence	of	both	
ancestral	and	derived	haplotypes,	suggesting	
recent	population	expansion	events.	These	novel	
mtDNA	SNP	markers	are	now	being	employed	to	
examine	patterns	of	population	structure	within	
this	species.

	Figure	2.	Median-joining	network	
of	flat	oyster	mitochondrial	
genomes.

Microsatellite genotype analysis

Microsatellite	genotyping	(DNA	profiling)	suggest	limited	degree	of	population	
substructuring	among	samples	examined	to	date.	However,	the	oyster	samples	from	
Larne	were	found	to	be	genetically	differentiated	from	other	samples	as	evidenced	from	
the	results	of	population	analysis	using	STRUCTURE	(green	colour	in	Figure	3).	There	
is,	however,	some	evidence	of	admixture	within	this	particular	sample	(i.e.	samples	from	
different	origins).	The	sample	from	Croatia	also	formed	a	unique	population	group	(red	
colour	in	Figure	3).	Samples	from	North	America	(Maine)	were	found	to	be	similar	to	those	
from	Norway	(blue	colour	in	Figure	3),	suggesting	that	the	latter	group	was	probably	the	
source	area	for	the	translocation.	

	Figure	3.	STRUCTURE	analysis	output	showing	inferred	group	membership	of	samples	
when	K=3.
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PROJECT	AIMS

	 •		To	identify	stages	and	processes	within	the	benthic	mussel	cultivation	industry	that	
reduce	productivity,	yields	and	profitability.

	 •		To	conduct	laboratory	based	experiments	and	large	scale	field	work	to	
quantitatively	examine	processes	that	could	decrease	productivity	during	the	
cultivation	process.

	 •		To	develop	guidelines	for	best	practice	that	can	ultimately	help	improve	yields	
within	the	fishery.

	
OUTCOMES

	 •		A	maximum	duration	of	24	hours	was	found	to	be	important	in	preserving	mussel	
physiological	health	and	condition	during	transportation	from	seed	beds	to	
ongrowing	sites.

	 •		Both	the	shore	crab	(Carcinus	maenas)	and	the	common	starfish	(Asterias	rubens)	
have	been	identified	as	being	quantitatively	important	predators	of	bottom	grown	
mussels.

	 •		Predator	removal	techniques	including	the	use	of	crab	pots	and	starfish	mops	vary	
in	their	effectiveness.	When	crab	pots	are	deployed	on	mussel	beds	predation	
rates	on	beds	may	be	increased	if	starfish	are	present	in	the	local	vicinity.	The	
effectiveness	of	starfish	mops	at	removing	starfish	decreases	as	starfish	densities	
on	mussel	beds	increase.
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MANAGEMENT	TOOLS

	 •		It	is	recommended	that	transportation	times	for	mussels	being	moved	from	seed	
beds	to	ongrowing	sites	is	kept	at	a	minimum	and	should	not	exceed	24	hours	to	
ensure	mussels	are	of	optimal	condition	when	relaid.

	 •		Due	to	crabs	and	starfish	being	important	predators	of	mussels	it	may	be	necessary	
to	remove	these	animals	from	mussel	beds	to	reduce	losses	during	the	ongrowing	
period.

	 •		Placement	of	crab	pots	to	remove	crabs	as	a	predator	from	mussel	beds	requires	
careful	consideration.	In	areas	where	mobile	benthic	scavengers	such	as	starfish	
are	within	close	proximity	to	mussel	beds	crab	pots	should	be	placed	away	from	
mussels	to	draw	these	predators	away	from	rather	than	towards	mussel	beds.

	
POLICY	DRIVERS

	 •		Water	Framework	Directive.

	 •	Marine	Strategy	Framework	Directive.

	
BACKGROUND	

Benthic	cultivation	of	mussels	is	practiced	throughout	Europe	and	involves	transporting	
small	‘seed’	mussels	from	offshore	beds	where	there	is	competition	for	food	and	space,	
to	inshore	sheltered	waters	with	a	good	supply	of	food,	where	they	are	grown	on	to	a	
marketable	size.	Since	2000,	bottom	grown	mussels	have	been	the	most	successful	
output	of	the	aquaculture	industry	on	the	island	of	Ireland.	However,	the	ongrowing	of	
mussels	is	often	inefficient	resulting	in	poor	harvest	to	seed	ratios.	Poor	returns	result	in	
increased	pressure	on	natural	seed	beds.	There	is	a	need	to	reduce	such	pressures	in	the	
wild	by	minimising	losses	in	the	industry	and	improving	yields.

	
RESEARCH	APPROACH

This	study	combined	laboratory	studies	and	fieldwork,	often	working	alongside	mussel	
farmers,	to	determine	how	various	practices	and	processes	that	occur	during	the	benthic	
mussel	cultivation	process	(from	seed	collection	through	to	harvest)	effect	yields.

RESULTS

Determining optimal duration of seed translocation periods for benthic mussel 
(Mytilus edulis) cultivation using physiological and behavioural measures of stress 

The	survival	of	relaid	mussels	is	a	function	of	their	quality	and	physiological	condition.	We	
investigated	whether	the	process	of	being	transported	to	ongrowing	plots	had	a	negative	
effect	on	the	physiological	health	and	resultant	behaviour	of	mussels	by	simulating	
transportation	conditions	as	experienced	in	the	hold	of	a	mussel	dredger	)Figure	1	and	2).	
Mussels	held	out	of	water	for	48	hours	displayed	reduced	condition	compared	with	those	
emersed	for	12	hours.	Depth	held	in	pipes	did	not	affect	physiological	indicators	of	stress	
but	short-term	byssus	production	was	affected.	Based	on	these	results	we	recommend	
that	mussels	are	held	out	of	water	for	less	than	24	hours	prior	to	relaying	to	ensure	
physiological	health	is	preserved.	

Web-link	to	any	additional	material:		
http://www.sciencedirect.com/science/article/pii/S0044848614004153

Figure	1.	Experimental	
pipe	setup	and	
sampling	regime.
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•		Fig	1.	Experimental	
Pipe	Setup	and	
Sampling	Regime

Figure	2.	Experimental	pipe	
setup	being	filled	with	mussels.

The effects of transportation stress on 
predation rates of the shore crab (Carcinus 
maenas) and the common starfish (Asterias 
rubens) on mussels (Mytilus edulis) 

During	benthic	cultivation	blue	mussels	(Mytilus	
edulis)	are	subject	to	predation	pressure	from	
a	number	of	predators	including	shore	crabs	
(Carcinus	maenas)	and	common	starfish	
(Asterias	rubens).	Whilst	much	work	has	
examined	the	prey-predator	size	relationships	
between	these	predators	and	their	prey	far	less	
research	has	investigated	how	stress,	such	
as	periods	of	extended	aerial	exposure	as	
experienced	by	mussels	during	transportation,	
may	affect	these	relationships.	We	tested	
whether	the	size	relationship	between	predators	
and	their	prey	differed	when	mussels	were	
stressed	(Figure	3).	Handling	times	for	crabs	
feeding	on	stressed	and	unstressed	mussels	
were	similar,	even	when	crabs	were	presented	
with	mussels	of	the	maximum	size	that	they	are	
able	to	consume.	Feeding	rates	on	stressed	
and	unstressed	mussels	were	also	similar	for	
starfish	from	three	size	classes.	Our	findings	
suggest	that	the	predator-prey	relationship	
between	mussels	and	crabs	and	starfish	is	not	
altered	when	mussels	are	stressed.	Predators	
remain	of	concern	for	mussel	producers	and	
removal	measures	may	be	required	to	reduce	
losses	in	the	fishery.

Figure	3.	Starfish	predation	
experiment	setup.

Effects of baited crab pots on cultivated mussel (Mytilus edulis) survival rates

Baited	crab	pots	are	often	deployed	on	and	around	cultivated	mussel	beds	to	trap	and	
remove	crabs	and	reduce	predatory	pressures.	Crabs	may	be	attracted	towards	pots	
but	then	not	enter	them,	instead	feeding	on	mussels	outside	pots	on	the	surrounding	
substratum.	We	tested	whether	the	rate	of	loss	of	mussels	attached	to	plates	differed	in	
areas	adjacent	to	baited	pots	compared	to	unbaited	pots	and	to	areas	without	any	pots,	
at	two	sea	loughs	in	Northern	Ireland.	In	Strangford	Lough	more	mussels	were	lost	from	
plates	adjacent	to	baited	pots	than	the	other	treatments	(Figure	4	and	5).	In	Carlingford	
Lough	we	found	no	difference	in	the	number	of	mussels	lost	from	plates	in	any	treatment.	
The	presence	of	the	starfish	Asterias	rubens,	which	was	absent	from	experimental	sites	
in	Carlingford	Lough,	was	thought	to	be	responsible	for	increased	predation	rates	near	
baited	pots	in	Strangford.	It	is,	therefore,	important	to	consider	local	predatory	regimes	
when	deploying	crab	pots	as	a	predator	removal	technique	to	ensure	predation	rates	are	
reduced	and	not	enhanced.	

Figure	4.	Diagrammatic	representation	of	the	3	potting	treatments	deployed	to	assess	
predation	rates	adjacent	to	crab	pots	deployed	on	mussel	beds	(A.	Baited	Pot;	B.	
Unbaited	Pot;	C.	No	Pot).
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Is starfish mopping an effective technique for 
reducing predation on benthic mussels (Mytilus 
edulis)?

Starfish	mops	are	adopted	in	some	benthic	mussel	
fisheries	in	an	attempt	to	remove	these	predators	from	
mussel	beds	and	reduce	predatory	pressures.	Despite	
the	use	of	starfish	mops	few	studies	have	attempted	to	
quantify	the	effectiveness	of	this	method	in	removing	
starfish.	Therefore,	video	surveys	of	starfish	abundance	
on	mussel	beds	were	conducted	using	a	GoPro	camera	
attached	to	starfish	mops	(Figure	6).	This	allowed	us	to	
test	whether	starfish	abundance	varied	a)	temporally	and	
b)	among	beds	comprised	of	different	sized	mussels.	
We	then	estimated	the	efficiency	of	mops	at	removing	
starfish	from	mussel	beds	by	comparing	starfish	
densities	on	beds	with	the	number	of	starfish	removed	
by	mops.	The	efficiency	of	mops	varied	between	4%	and	
78%,	although	showed	no	relation	to	time	of	mopping	
or	bed	being	mopped.	The	effectiveness	of	mops	was	
shown	to	reduce,	however,	as	the	densities	of	starfish	on	
mussel	beds	increased.

Figure	5.	Deployment	of	
experimental	crab	potting	unit.

Figure	6.	The	GoPro™	camera	on	
the	starfish	mop	deployed	from	
the	starboard	side	of	a	mussel	
dredger	in	Belfast	Lough.
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PROJECT	AIMS	

	 •		To	identify	whether	the	use	of	various	husbandry	practices	can	reduce	Crassostrea	
gigas	oyster	mortalities	in	the	North	of	Ireland.

	 •		To	assess	in	the	laboratory	whether	temperature	and	salinity	combinations	have	a	
negative	impact	on	oyster	stress	levels.

	 •	To	record	and	produce	an	intertidal	temperature	database	for	seven	oyster	farms.

	
OUTCOMES

	 •		Husbandry	practices	such	as	hatchery	of	purchase	and	seed	variety	had	the	most	
significant	impact	on	oyster	mortalities	in	this	study.	Oyster	seed	survival	rates	
decreased	on	the	upper	shore	during	the	hot	summer	of	2013	compared	to	lower	
shore	but	survival	rates	increased	during	the	milder	summer	of	2014.	

	 •		Laboratory	experiment	results	suggest	that	both	high	temperatures	and	low	
salinities	(20°C	and	20psu)	can	negatively	impact	oyster	stress	levels.

	 •		The	intertidal	temperature	database	showed	that	all	farms	exceeded	the	critical	
temperature	of	16°C,	necessary	for	oyster	mortalities	to	occur,	indicating	that	all	
farms	could	potentially	be	at	risk	from	mortality	outbreaks.	July	appears	to	be	the	
key	month	for	oyster	mortalities	in	the	North	of	Ireland.
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MANAGEMENT	TOOLS

	 •		Seed	stock	should	be	purchased	from	a	reputable	hatchery	and	a	variety	chosen	
which	has	previous	history	for	high	survival	rates.	

	 •		Oyster	trestles	should	be	kept	on	the	lower	shore	during	hot	summers	but	during	
mild	summers	seed	stock	should	be	moved	to	the	upper	shore	to	increase	survival	
rates	if	Herpes	virus	present.

	 •		Oyster	stock	should	be	located	in	exposed,	deep	bays	to	ensure	summer	water	
temperatures	do	not	become	too	high	and	trigger	a	mortality	event.	Oysters	should	
not	be	placed	in	areas	of	the	bay	with	very	low	salinities,	such	as	near	rivers,	to	
reduce	the	impact	this	may	have	on	oyster	stress	levels.

	
POLICY	DRIVERS

	 •		EU	water	framework	directive.

 
BACKGROUND	

Since	2008	in	Europe,	there	have	been	regular	and	intense	Crassostrea	gigas	oyster	
mortality	events.	These	severe	mortality	events	have	occurred	since	the	detection	of	a	
new	mutant	form	of	the	herpes	virus	called	the	OsHV-1	μ	var.	It	is	likely	that	there	are	
a	number	of	factors	involved	in	causing	the	mortalities,	with	scientists	believing	that	
intricate	interactions	between	pathogens,	the	oysters	and	environmental	factors	are	the	
most	likely	cause.	

This	study	has	attempted	to	investigate	a	wide	range	of	factors,	which	may	be	involved	
in	causing	C.	gigas	mortalities	along	the	coast	of	the	North	of	Ireland.	These	factors	have	
included	looking	at	environmental	conditions	such	as	temperature	and	salinity,	histology	
to	assess	oyster	health,	a	number	of	husbandry	practices	and	the	potential	for	these	
factors	to	influence	OsHV-1	related	mortalities.	

	
RESEARCH	APPROACH

This	project	had	both	laboratory	and	fieldwork	elements	and	included	working	on	oyster	
farms	with	producers	to	view	current	oyster	husbandry	methods	with	an	interest	in	
developing	new	or	improved	methods,	which	could	be	easily	implemented.

	

RESULTS

A temperature database for intertidal oyster farms in the North of Ireland

From	2012	to	2014,	intertidal	temperatures	were	recorded	on	seven	oyster	farms	along	
the	North	coast	of	Ireland	(Figure	1).	The	loggers	were	used	to	determine	whether	any	
or	all	of	the	sites	would	be	at	risk	from	mortalities	associated	with	OsHV-1	by	checking	
if	intertidal	temperatures	crossed	the	16°C	barrier,	which	has	been	found	necessary	
to	trigger	a	mortality	event.	During	mild	summers	such	as	in	2012,	oyster	farms	in	the	
North	of	Ireland	appear	to	be	at	a	low	risk	from	mortality	events	as	average	intertidal	
temperatures	are	likely	to	remain	below	16°C.	However,	during	warm	summers,	such	as	in	
2013	and	2014,	sites	in	the	North	coast	and	South	coast	catchments	would	be	especially	
at	risk	of	mortality	events,	while	farms	on	the	East	coast	would	most	likely	be	at	a	slightly	
reduced	risk.	In	this	study,	July	appeared	to	be	the	key	month	for	mortalities	to	occur	on	
farms	in	the	North	of	Ireland	(Figure	2).

Figure	1.	Oyster	farm	locations	in	
the	North	of	Ireland	from	2012-
2014.

Figure	2.	Comparison	of	average	monthly	
summer	temperatures	at	NC1	oyster	farm	
for	summer	2012	(mortality	free	year)	and	
summers	2013	and	2014	(high	mortality	
years).	Mortalities	events	occurred	during	
July	for	both	2013	and	2014	seasons.	
Error	bars	show	maximum	and	minimum	
temperatures	recorded.
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The effect of seed variety and hatchery of 
origin on C.gigas oyster seed survival

The	seed	comparison	study	(Figure	3)	
indicated	that	the	location	of	the	oyster	
hatchery	and	the	variety	of	C.gigas	seed	
purchased	can	make	a	significant	difference	
to	oyster	survival	(Figure	4).	The	two	seed	
varieties	purchased	from	French	hatcheries	
were	triploid	and	had	significantly	reduced	
mortality	rates	compared	to	the	non-French	
hatchery,	diploid	seed	variety	after	5,000	
seed	from	each	hatchery	spent	three	months	
on	the	shore	in	Lough	Foyle.	The	mortality	
rate	difference	between	French	and	non-
French	hatcheries	recorded	in	this	study	was	
significant,	with	an	average	mortality	rate	
of	33-34%	for	the	oyster	seed	from	French	
hatcheries	and	a	rate	of	77%	for	the	seed	
from	non-French	hatchery	(Figure	5).	The	
differences	in	survival	rate	of	the	seed	oysters	
could	be	due	to	the	ploidy	of	the	two	hatchery	
varieties	or	because	the	French-hatchery	
oysters	have	an	increased	resistance	to	OsHV-
1,	as	the	virus	is	everywhere	in	France	and	
so	oyster	seed	are	likely	to	have	genes	for	
resistance	passed	down	from	their	parents.

	Figure	3.	On-site	oyster	seed	
sampling.

Figure	4.	Oyster	seed	mortalities.

•		Figure	5.	Oyster	seed	survival	
rates	after	3	months	on	
shore	for	triploid,	French	
hatchery	oysters	and	diploid,	
non-French	hatchery	
oysters.	Letters	indicate	
groups	that	are	statistically	
indistinguishable	from	each	
other	(p	>	0.05).	Error	bars	
show	standard	deviation.

The immune responses of Crassostrea gigas to changes in temperature and salinity

Five	aquarium	tanks	each	containing	15	oysters	was	set	up	in	a	laboratory.	Each	of	the	
tanks	had	different	water	temperature	and	salinity	combinations	to	assess	what	effect	
these	combined	factors	would	have	on	oyster	haemocyte	numbers	and	time	taken	for	
the	haemocytes	to	release	the	toxic	Neutral	Red	dye.	We	found	that	the	cell	membrane	
integrity	and	haemocyte	density	in	C.gigas	oysters,	appears	to	be	particularly	sensitive	
to	temperatures	of	20°C	or	greater	and	at	salinities	of	20	psu	or	below	(Figure	6).	The	
salinities	and	temperature	regimes	used	during	this	study	are	representative	of	those	
found	in	the	Foyle	catchment	study	area	during	the	spring	to	autumn	periods,	when	
oysters	are	at	highest	risk	of	mortalities.	Both	of	the	stress	indicator	tests	used	in	this	
study	provided	results	suggesting	that	C.	gigas	oysters	are	sensitive	to	high	temperature	
and	low	salinity	combinations,	in	accordance	with	previous	stress	studies	on	this	species.	
This	sensitivity	may	result	in	increased	C.	gigas	vulnerability	to	OsHV-1	μvar.

•		Figure	6.	Mean	number	
of	haemocyte	cells	for	
oysters	from	5	different	
temperature	and	
salinity	combinations	
reached	gradually	
during	2013.	Oysters	
with	the	lowest	number	
of	haemocytes	indicate	
highest	levels	of	
stress.	Error	bars	show	
standard	deviations.
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PROJECT	AIMS

	 •		Survey	bird	assemblages	at	several	sites	in	Carlingford	Lough	in	relation	to	
aquaculture	activities.

	 •		Monitor	gulls	in	N.	Ireland	for	the	presence	of	antimicrobial	resistant	(AMR)	E.coli	
and	utilise	GPS	tracking	to	monitor	gull	foraging	patterns.

	 •		Test	the	effectiveness	of	visual	bird	deterrents	to	prevent	roosting	and	feeding	on	
aquaculture	equipment.

	
OUTCOMES

	 •		Bird	population	data	collected	over	a	period	of	21	months	in	Carlingford	Lough,	434	
surveys	were	carried	out	and	44	species	recorded.	

	 •		57	individual	gulls	were	sampled	and	tested	for	the	presence	of	AMR	E.	coli.	Five	
GPS	tracking	devices	successfully	deployed.	First	record	of	AMR	E.	coli	in	gulls	in	
N.	Ireland.

	 •		Three	visual	deterrents	were	tested	at	an	aquaculture	site	over	a	period	of	four	
weeks.	No	method	successfully	reduced	visits	by	birds	to	oyster	aquaculture	
trestles.

	
MANAGEMENT	TOOLS

	 •		Long	term	bird	count	data	for	Carlingford	Lough	available	for	future	appropriate	
assessment	of	impacts	of	future	aquaculture	licensing.	

	 •	Gulls	highlighted	as	a	possible	source	or	reservoir	of	AMR	bacteria.

	 •		Visual	deterrents	are	not	effective	means	of	reducing	bird	activity	on	aquaculture	
equipment.	

POLICY	DRIVERS

	 •		EU	Habitats	Directive.

	 •	EU	Birds	Directive.

	
BACKGROUND	

Birds	and	aquaculture	can	interact	in	a	variety	of	ways.	Removal	of	shellfish	from	wild	
stocks	can	produce	pressure	on	wild	birds,	which	depend	on	these	stocks.	However,	if	
shellfish	are	added	to	a	system,	as	is	the	case	in	Carlingford	Lough,	they	can	increase	
food	abundance	and	attract	birds.	Direct	disturbance	by	aquaculture	activities	may	affect	
bird	behaviour	by	scaring	them	during	limited	feeding	opportunities	at	low	tide	when	the	
shore	is	exposed.	Birds	can	also	act	as	a	source	of	faecal	contamination	if	occurring	in	
high	densities.	AMR	bacteria	is	a	growing	threat	to	human	health	and	has	been	observed	
in	the	faeces	of	water	birds	worldwide.

	
RESEARCH	APPROACH

Monthly	surveys,	at	high	and	low	tide	were	carried	out	at	eleven	sites	in	Carlingford	
Lough.	Sites	were	part	of	a	previous	IBIS	study	of	the	area	and	counts	from	Carrie	Craven	
were	continued	as	part	of	this	project.	Site	uses	included	oyster	production,	mussel	
dredging,	recreation	and	areas	which	were	largely	undisturbed.	All	birds	present	were	
recorded	along	with	behaviour	data.	Bird	assemblages	could	then	be	compared	between	
sites.

E.	coli	samples	were	obtained	by	trapping	four	different	species	of	birds	in	Carlingford	
Lough	and	at	breeding	grounds	on	the	Copeland	islands.	Samples	were	tested	for	
presence/absence	of	E.	coli	and	then	tested	for	antibiotic	susceptibility.	GPS	trackers	
were	attached	to	five	adult	herring	gulls	and	monitored	for	foraging	movements.

Bird	deterrents	were	added	to	oyster	trestles	for	a	period	of	2	weeks	and	bird	counts	were	
compared	before	and	during	deployment.
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RESULTS

Bird Surveys

Comparisons	between	sites	in	Carlingford	Lough	(Figure	1)	found	differences	in	bird	
assemblages.	Differences	were	greater	at	low	tide	compared	to	high	tide,	due	to	
increased	habitat	differences	when	the	intertidal	zone	is	exposed.	Sites	with	the	greatest	
separation	were	also	most	unique	in	habitat	structure.	Site	N3,	undisturbed	saltmarsh,	
was	dominated	by	the	presence	of	geese	and	ducks.	Whereas	site	S3,	largely	open	sea	at	
the	mouth	of	the	lough,	was	visited	by	fish	hunting	seabirds	such	as	terns,	guillemot	and	
northern	divers	(Figure	2).

	Figure	1.	Bird	survey	sites	in	
Carlingford	Lough.	Colour	
indicates	site	foreshore	use.	
Blue	=	Oyster	production,	
Green	=	Undisturbed,	Red	
=	Recreational,	Orange	=	
Mussel	dredging.

Figure	2.	Differences	between	sites	at	low	tide.	Colour	of	site	name	indicates	site	
use:	Blue	=	Oyster	site,	Green	=	Undisturbed,	Red	=	Recreational,	Orange	=	Mussel.	
Polygons	link	areas	of	similar	usage	and	greater	distance	between	sites	represents	
greater	differences	in	bird	populations.	Black	codes	represent	species	and	how	they	are	
distributed	between	sites.	Species	in	the	centre	are	common	to	all	sites	species	further	
out	are	more	frequent	sites	they	are	clustered	around.	Species	codes	are	taken	from	BTO	
abbreviations	(http://www.bto.org/sites/default/files/u16/downloads/forms_instructions/
bto_bird_species_codes.pdf)

Presence of Antimicrobial E.coli

Of	the	57	individuals	sampled,	82%	carried	E.	coli,	
38%	of	which	was	resistant	to	at	least	one	antibiotic.	
Ampicillin	resistance	was	most	common.	21%	of	
E.coli	positive	animals	carried	resistance	to	more	
than	one	antibiotic.	GPS	tagging	produced	data	
showing	individualistic	foraging	habits	which	may	be	
linked	to	the	resistance	profile.	One	striking	example	
was	a	Herring	gull,	which	inhabited	Belfast	Lough	
in	close	proximity	to	a	sewage	treatment	plant	and	
showed	AMR	to	six	different	drugs	(Figure	3).

	Figure	3.	Adult	herring	gull	
carrying	GPS	tracking	device	on	
back.	(Credit	Shane	Wolsey).
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Use of Deterrents

Three	bird	deterrents	were	tested:	CDs	on	string,	moving	sail	and	predator	models	
(Figure	4).	Total	numbers	of	gulls	and	oystercatcher	in	test	areas	did	not	decrease	when	
deterrents	were	in	place.

	Figure	4.	Photographs	of	bird	deterrents	tested	(CDs	on	string,	moving	sail,	predator	models).
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PROJECT	AIMS	

	 •		Enhance	the	quality	of	European	perch	aquaculture	production	on	the	Island	of	
Ireland,	by	improving	selective	breeding	methods	through	the	assessment	and	
monitoring	of	the	performance	of	perch	broodstock	in	closed	aquaculture	systems.

	 •		Carry	out	comprehensive	sampling	of	European	perch	from	the	wild	to	use	as	a	
reference	of	a	healthy,	genetically	diverse	population	for	aquaculture	production.	

	 •		Support	the	diversification	of	European	aquaculture,	by	developing	methods,	
based	on	state	of	the	art	genetic	methodologies,	to	improve	broodstock	quality	of	a	
candidate	new	species.
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OUTCOMES

	 •		Information	on	the	performance	(i.e.	offspring	production;	size/quality	of	offspring,	
growth	rate)	of	individual	adult	perch	that	are	currently	used	as	broodstock	in	a	
closed	aquaculture	system.

	 •		Information	on	which	individuals	(based	on	performance)	should	be	removed	or	
maintained	as	part	of	the	broodstock.

	 •		Information	on	the	level	of	genetic	relatedness	among	broodstock,	i.e.	monitoring	
levels	of	inbreeding	within	broodstock	to	prevent	decline	in	performance.

	 •		Genetic	characterisation	of	wild	European	perch	populations	that	can	potentially	be	
used	as	material	for	improving	aquaculture	broodstock.

	
MANAGEMENT	TOOLS

	 •		Development	and	implementation	of	a	genetic-based	monitoring	approach	
(microsatellite	DNA	profiling)	to	assess	the	performance	of	the	European	perch	
broodstock.	

	 •		The	approach	will	allow	for	an	improved	and	faster	selection	process	of	candidate	
parental	fish,	by	linking	the	genetic	make-up	with	traits	of	importance	in	aquaculture	
including	growth	rates,	disease	and	stress	resistance.	

	 •		The	approach	also	provides	a	mechanism	for	monitoring	levels	of	inbreeding,	which	
may	lead	to	abnormalities	in	the	overall	health	of	in	the	fish.	

	
POLICY	DRIVERS

	 •		BIM	(Bord	Iascaigh	Mhara	-	Irish	Fisheries	Board)	-	‘New	species,	new	
opportunities’	project.

	 •		FAO	(Food	and	Agriculture	Organization	of	the	United	Nations)	-	Fisheries	and	
Aquaculture	Policy	and	Economics	Division	(FIP).

	 •		EU	(European	Union	Commission)	-	Common	Fisheries	Policy;	Strategic	Guidelines	
for	the	sustainable	development	of	EU	aquaculture	-	COM/2013/229.

BACKGROUND	

The	European	perch	(Perca	fluviatilis	L.)	is	considered	a	prime	candidate	for	the	
diversification	of	European	aquaculture,	which	is	not	as	well	developed	as	other	regions	in	
the	world.	There	is	already	a	good	market	demand	for	European	perch	in	Europe,	mainly	
within	the	region	around	the	Alps	(Switzerland,	Germany,	France	and	Austria).	Currently,	
there	is	not	enough	fish	produced	to	supply	the	demand	of	the	high-end	markets	with	
quality	perch	fillets.	However,	there	is	good	window	of	opportunity	for	the	development	of	
perch	aquaculture	in	the	island	of	Ireland.

	
RESEARCH	APPROACH

State	of	the	art	microsatellite	DNA	profiling	methodology	is	being	used	to	identify	the	
genetic	make-up	of	the	broodstock.	This	will	allow	for	the	direct	assessment	of	levels	
of	relatedness	among	individuals.	Subsequent	family	analysis,	linking	broodstock	with	
offspring,	will	allow	for	the	identification	of	best	performing	parents	(i.e.	parents	producing	
larger	number	of	fast-growing	offspring).	Genomic	DNA	extracted	from	wild	European	
perch	samples	(tail	fin	clips	or	scales),	collected	throughout	the	range	of	the	species,	will	
be	analysed	using	microsatellite	DNA	profiling	and	mitochondrial	DNA-based	approaches.	
In	order	to	quantify	the	genetic	variation	of	each	wild	population,	30-50	individuals	per	
location	will	be	sampled.	In	addition	to	non-destructive	tissue	samples,	information	on	the	
age,	sex,	weight	and	length	of	each	fish	will	be	recorded,	where	possible.	

	
RESULTS

DNA profiling of broodstock and juvenile perch 

The	broodstock	for	two	perch	farms	has	been	fully	biopsy	sampled	and	tagged	(N=1304),	
along	with	a	selection	of	slow-	(N=50)	and	fast-growing	juveniles	(N=50)	from	the	
recirculating	aquaculture	system	and	the	pond	farm	(N=70	slow-growing,	N=70	fast-
growing);	genomic	DNA	has	been	extracted.

17	microsatellites	DNA	maker	loci	have	been	identified	and	assessed	for	this	species,	of	
which	14	have	been	optimised	and	are	in	use	for	the	ongoing	genetic	screening	of	the	
farmed	fish;	10	mitochondrial	DNA	markers	have	been	identified	and	will	be	optimized	to	
screen	the	wild	European	perch	samples.	
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Mapping genetic diversity of wild perch samples in Europe

To	date,	wild	fish	samples	have	been	secured	from	the	Czech	Republic	(N=35),	Denmark	
(N=150),	France	(N=50),	Germany	(N=120),	Northern	Ireland	(N=110),	Sweden	(N=35),	and	
mainland	UK	(N=140);	more	samples	underway.	Genetic	screening	is	underway.

Collection	of	ribbons	with	
fertilized	Perch	eggs,	before	their	
distribution	in	the	larval	tanks.

Tanks	with	Perch	juveniles	in	a	
closed	farm	with	a	Recirculating	
Aquaculture	System	(RAS).

The use of thermal effluents and waste heat 
from power plants in aquaculture.
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PROJECT	AIMS

	 •		The	broad	aim	of	this	study	was	to	examine	how	heated	waste	water	can	be	used	
in	aquaculture.	

	 •		To	consider	new	technologies	and	how	their	application	has	changed	the	use	of	
waste	heat	in	aquaculture	from	the	early	1970s	to	date.	

	
OUTCOMES

	 •		Problems	of	non-continuous	heat	supply	and	discharge	of	chemicals	used	for	
maintenance	operations	of	cooling	towers	are	the	main	constraints	limiting	the	
development	of	aquaculture	using	thermal	effluents.

	 •		Farms	utilising	thermal	effluents	which	are	currently	running	successfully	are	located	
strategically	near	coastal	areas	where	marine	water	can	easily	be	abstracted	to	
regulate	inlet	temperature.	

	 •		Waste	heat	from	power	plants	and	other	industrial	processes	can	be	harnessed	
through	the	use	of	heat	exchangers,	which	are	applicable	to	both	flow-through	and	
Recirculation	Aquaculture	Systems	(RAS).	However,	climate	change,	competition	for	
water	and	land	space,	environmental	and	social	aspects	decrease	the	likelihood	of	
long-term	availability	of	large	volumes	of	thermal	effluents,	furthermore	these	favour	
RASs	over	flow-through	systems,	suggesting	application	of	heat	exchangers	will	
be	the	way	forward.	Reuse	of	power	plant	waste	heat	through	Combined	Heat	and	
Power	(CHP)	or	heat	exchangers	is	still	under	exploited.
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MANAGEMENT	TOOLS

	 •		Heated	waste	water	is	potentially	relevant	to	Perch	and	Eel	aquaculture	in	Ireland.

BACKGROUND	

Up	to	70%	of	the	heat	generated	by	power	plants	is	discarded	into	the	environment	
either	in	the	form	of	thermal	effluents	or	heat	exchanged	to	the	air.	Thermal	effluents	for	
aquaculture	have	been	used	in	flow-through	systems	since	the	early	1970s	to	increase	
production	and	to	farm	tropical	species	in	colder	climates.	Waste	heat	from	power	plants	
and	other	industrial	processes	is	also	harnessed	through	the	use	of	heat	exchangers.	
Given	the	forecasted	increase	in	demand	for	fish	and	shellfish,	research	into	the	use	of	
heated	waste	water	should	be	revisited.	

	
RESEARCH	APPROACH

This	desk	study	involved	consultation	of	scientific	literature,	web-based	research,	phone	
interviews	and	email	correspondence	with	managers	and	aquaculture	consultants.	The	
work	focuses	on	how	thermal	effluents	in	cooling	waters	can	be	used	in	aquaculture	
to	increase	production	using	flow-through	and	heat	exchange	systems.	The	report	
provides	examples	and	case	studies	of	aquaculture	plants	using	waste	heat	for	fish	and	
invertebrate	production.	The	most	relevant	environmental	impacts	of	aquaculture	are	
discussed	in	the	context	of	waste	heat	re-use.

	
RESULTS

Advantages of the utilization of waste heat in aquaculture 

Waste	heat	is	applied	in	aquaculture	plants	to	increase	the	water	temperature	to	increase	
or	optimise	fish	production	(Table	1).	The	ability	to	control	temperature	also	gives	greater	
opportunity	to	match	supply	with	demand	in	order	to	get	the	best	market	price.	Rearing	
cold	water	species	such	as	salmon	and	trout	in	warmer	waters	increases	growth	rate	
and	thus	total	production.	Farming	of	tropical	species	in	colder	climates	can	become	
economically	viable	when	a	source	of	waste	heat	is	available;	rearing	of	warm	species	
juveniles	such	as	tilapias	can	be	particularly	advantageous	as	juveniles	present	higher	
heat	requirements	compared	to	mature	fish.	Further,	stable	temperature	conditions	
can	increase	growth	performance	in	some	species,	for	example	salmonid	juveniles,	eel	
(Anguilla	anguilla),	cyprinids	and	pale	chub	(Zacco	platypus).	In	addition,	stable	water	

temperature	above	10oC	decreases	the	possibility	of	diseases	linked	to	cold	water	
such	as	the	Cold	Water	Disease	or	Rainbow	Trout	Fry	Syndrome	(RTFS)	caused	by	the	
filamentous	bacterium	Flavobacterium	psychrophilium.		

Table	1:	Advantages	of	using	waste	heat	in	aquaculture	
	 	 	

1. Increased	growth	rate

2. Control	over	production	plan

3. Ability	to	match	supply	and	demand	

4. Increase	health	of	some	fish	juvenile	species

5. Farming	of	warm	water	species	in	northern	countries
	

Application of heated water for the farming of cold water species

To	give	an	example	of	how	production	can	increase	with	increased	water	temperature,	
an	ideal	rainbow	trout	farm,	with	a	holding	capacity	of	100	tonnes	and	an	average	yearly	
water	temperature	of	10°C	is	considered.	All	the	assumptions	made	are	listed	in	(Table	
2).	In	this	plant,	a	2°C	increase	of	the	yearly	average	water	temperature	could	potentially	
result	in	an	11%	increase	in	yearly	production,	an	additional	33	tonnes.	An	increase	of	
4°C	would	potentially	result	in	a	19%	increase,	with	an	annual	output	of	362	tonnes	
compared	to	300	tonnes	from	production	achieved	at	10°C	(Table	3).
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Table	2:	Parameters	assumed	for	a	100	tonnes	standing	stock	trout	farm	
	 	 	

Assumptions

Average	weight 200-300	gr

Desired	market	size 450-550	gr

Standing	stock	(Tonnes) 100

Farm-gate	value	(whole	fish) £2.28

Average	water	temp	without	
heating

10°C

Production	cycle	considered 1	year

Table	3:	Comparison	of	production	output	at	different	water	temperatures.	FP	=	
Fixed	Price,	FCR	=	Food	Conversion	Ration,	SGR	=	Specific	Growth	Rate.	Feed	
percentages	are	set	according	to	the	recommended	feeding	table	for	BIOMAR	trout	
feed	EFICO	ALPHA	717.	
	 	 	

Water 
T(°C)

FP FCR SGR Stock 
turnover*

Annual 
Output 
Tonnes

% 
increase

Value Increased 
gross 
value

10 1.26 0.8 1.58 3 300 0 X 0

12 1.4 0.8 1.75 3.3 333 11% X+76,000.00 £	76,000

14 1.52 0.8 1.90 3.6 362 19% X+141,143 £	141,143

Application of heated water for the farming of tropical/warm water species in  
northern regions

Availability	of	low	cost	heated	water	has	been	used	in	northern	countries	for	farming	fish	
and	shellfish	species	with	higher	water	temperature	requirements.	Application	of	thermal	
effluents	has	shown	to	be	a	viable	strategy	for	carp	farming	in	the	North	of	Italy	at	La	
Casella;	farming	tilapia	(Oreochromis	niloticus)	and	carp	at	the	company	Piscimeuse,	
Belgium;	and	seabass	farming	in	the	cooling	waters	of	a	thermo-electric	plant	Torre	
Valdaligia,	by	the	company	Nuova	Azzurro	since	1988.		

Examples	of	other	warm	water	fish	species	successfully	farmed	in	northern	countries	are:	
the	Eurasian	perch	and	Pike	perch.	The	Eurasian	perch	(Perca	fluviatilis),	a	fish	that	has	
attracted	significant	attention	in	recent	years	has	begun	to	be	farmed	in	some	Northern	
countries	such	as	Ireland	and	Denmark.	Switzerland	is	the	main	market	for	Irish	grown	
perch.	The	ideal	growing	temperature	for	perch	is	23°C	and	therefore	it	requires	water	to	
be	heated	when	farmed	in	northern	countries.	Systems	built	recently	for	perch	farming	
are	Recirculation	Aquaculture	System	(RAS)	type.	Heat	exchangers	are	used	to	increase	
water	temperature.	Pike	perch	(Sander	lucioperca)	(Figure	1)	is	a	freshwater	carnivorous	
fish	with	an	optimal	growth	temperature	of	22-25°C	for	the	larval,	juvenile	and	on-growing	
stages.	When	recirculating	systems	are	used,	the	high	temperature	requirement	increases	
the	production	cost	associated	with	installation	and	operation	of	heat	exchangers	or	heat	
pumps.	AquaPri,	a	fish	farming	company	located	in	Denmark,	has	recently	invested	€7.5	
million	in	the	construction	of	a	pikeperch	recirculating	plant	aiming	at	the	production	of	
500	metric	tonnes	of	fish.	Henning	Priess,	one	of	the	managing	directors,	explained	the	
high	water	temperature	requirement	is	the	main	reasons	behind	expensive	production	
cost	and	installation	of	solar	panel	was	considered	as	a	possible	way	of	keeping	energy	
costs	down.

Figure	1.		Example	of	warm	water	species	
grown	in	northern	regions	using		
heated	waste	water.
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PROJECT	AIMS

	 •		To	identify	traits	associated	with	the	birds’	eggs,	resource	use	/diet	and	foraging	
behaviours	that	are	sensitive	to	local	environmental	conditions	to	characterise	
coastal	ecosystem	health.

	 •		To	relate	these	to	demographic	parameters	such	as	the	birds’	productivity	and	
population	dynamics,	which	will	reflect	coastal	ecosystem	health	to	provide	an	early	
warning	system	that	areas	are	experiencing	poor	conditions.

	 •		To	use	the	results	of	these	to	develop	an	effective,	robust	but	cost	effective	
monitoring	tool	to	assess	the	health	of	shallow	marine	coastal	ecosystems.

	
OUTCOMES	

	 •			The	data	from	this	work	have	not	yet	been	fully	analysed	so	only	preliminary	
information	is	available	at	the	time	of	writing	but	the	following	outcomes	are	
expected:

	 	 -		Identifying	seabird	traits	which	best	reflect	local	environmental	conditions	
over	short	time	periods	to	act	as	an	early	warning	that	coastal	habitats	are	
experiencing	poor	conditions.

	 	 -		Determine	any	habitat	differences	between	locations	where	foraging	seabirds	are	
present	and	absent.

	 	 -	Determine	what	stresses	are	impacting	upon	the	seabirds	at	each	location.
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MANAGEMENT	TOOLS

	 •			An	effective	robust	long-term	monitoring	methodology	using	sea-birds	as	indicators	
of	coastal	ecosystem	health.

	
POLICY	DRIVERS

	 •	EU	Marine	Strategy	Framework	Directive	(EC	Council	Directive	2008/56/EC).

	 •	EU	Water	Framework	Directive	(EC	Council	Directive	2000/60/EC).

	 •	EU	Habitats	Directive	(EC	Council	Directive	92/43/EEC).

	
BACKGROUND	

Coastal	intertidal	habitats	are	amongst	the	most	disturbed	marine	habitats	and	the	most	
threatened	by	climate	change	and	coastal	development.	The	European	Marine	Strategy	
Framework	requires	member	states	to	both	monitor	and	manage	coastal	habitats	to	
achieve	“good	environmental	status”.

Top	predators	in	any	ecosystem	are	highly	dependent	upon	the	organisms	lower	in	
the	food	chain.	Thus	measures	of	the	health	of	top	predator	populations	can	provide	
an	important	measure	of	ecosystem	state	as	a	whole.	Currently,	most	monitoring	
programmes	using	seabirds	rely	on	long-term	counts.	Although	providing	valuable	
information,	this	long	term	monitoring	of	marine	habitat	health	is	both	technically	
challenging	and	costly.	This	project	aims	to	investigate	the	effectiveness	of	alternative,	
easy	to	monitor	traits	that	reflect	the	state	of	seabird	populations	and	their	environment;	
focusing	on	the	widespread	and	generalist	coastal	seabird	-	the	herring	gull,	Larus	
argentatus,	and	to	a	lesser	extent	the	Eurpoean	shag,	Phalacrocorax	aristotelis.

	
RESEARCH	APPROACH

Across	the	study	region	of	south-west	Scotland	and	Northern	Ireland,	data	on	traits	
derived	from	herring	gull	and	shag	were	collected	from	across	12	colonies	which	had	
experienced	various	levels	of	success	between	the	first,	Operation	Seafarer	(1986-1989),	
and	last,	Seabird	2000,	national	seabird	census.	Herring	gull	clutches	were	photographed	
to	obtain	information	on	egg	size,	shape,	colour	and	patterning.	Pellets	from	both	species	
were	collected	to	provide	information	on	diet,	which	in	the	herring	gull	was	complemented	
by	the	stable	isotope	analysis	of	adult	and	chick	feathers	to	provide	broader	information	
on	resource	use.	Observations	of	herring	gull	and	shag	nests	were	carried	out	to	obtain	

data	on	foraging	behaviours.	Finally	GPS	loggers	
were	deployed	on	a	small	sample	of	Scottish	
herring	gulls	to	provide	further	details	on	resource	
use	and	foraging	behaviour.

	
RESULTS

Variation in Gull Population Trends

In	the	national	surveys,	herring	gull,	lesser-black	
backed	gull	and	shag	population	changes	have	
been	found	to	vary	between	different	regions	of	
the	British	Isles	with	the	Atlantic	coast	showing	
declines	and	the	North	Sea	coast	increases	in	all	
three	species.	In	this	study,	similar	variation	was	
also	found	to	occur	in	several	coastal	seabird	
species	widespread	across	the	study	region	of	
south-west	Scotland	and	Northern	Ireland.	This	
strongly	suggests	that	sea	bird	colonies	are	
responding	to	very	local	environmental	changes.	
Thus	local	sea	bird	colony	traits	should	provide	
us	with	information	on	local	environmental	
conditions.

Variation in Egg Traits and State of Herring 
Gull Populations

As	top	predators,	seabirds	have	the	potential	
to	reflect	the	state	of	marine	ecosystems.	
However,	detecting	significant	changes	in	seabird	
populations	can	be	difficult.	As	an	alternative,	
other	traits	of	a	seabird	colony	may	be	more	
easily	measured	and	may	reflect	conditions	over	
shorter	time	periods	and	thus	could	provide	
an	early	warning	that	a	colony	is	experiencing	
adverse	environmental	conditions.	We	
investigated	the	effectiveness	of	egg	traits,	which	
reflect	the	gulls	condition	and	therefore	that	of	the	
marine	coastal	environment.	Data	was	extracted	

	Heat	map	of	south-west	Scotland	
and	Northern	Ireland	based	on	the	
population	changes	of	seven	coastal	
seabird	species	between	1986	and	
2002;	herring	gull,	lesser	black-
backed	gull,	great	black-backed	
gull,	shag,	common	gull,	common	
tern	and	Arctic	tern.	Areas	in	red	are	
where	colonies	have	declined	whilst	
those	in	green	are	where	they	have	
increased.	The	orange	colouration	
depicts	areas	which	are	more	stable	
or	where	some	species	are	declining	
and	other	are	increasing.
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on	egg	size,	shape,	colour	and	patterning	from	
herring	gull	clutches	from	nine	colonies	across	
Northern	Ireland	and	south-west	Scotland	that	
have	experienced	different	population	trends	
over	the	last	few	decades.	The	results	show	
that	there	are	differences	in	egg	attributes	
between	the	colonies	which	is	associated	with	
the	local	populations’	demographic	parameters	
such	as	the	birds’	productivity	and	population	
dynamics.	The	results	from	this	study	may	
help	identify	potential	drivers	of	herring	gull	
population	changes	as	well	as	providing	
information	on	the	state	of	the	coastal	
environment.

Web-link	to	additional	material:

Movement	of	Gulls	in	Coastal	Habitat:	http://
www.gla.ac.uk/researchinstitutes/bahcm/
staff/ruedinager/ruedinager/seabirdecology/
movementofgullsincoastalhabitat/

Egg	holder	to	photograph	herring	
gull	eggs	in	the	field	with	the	
graph	paper	background	and	a	
colour	checker	panel	and	scale.

Pladda	herring	gull	
with	newly	attached	
GPS	logger	(Jackie	
Newman).

Nesting	European	shag.
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PROJECT	AIMS	

	 •		To	understand	how	near-future	climate	change	may	have	an	impact	on	commercial	
shellfish	species.

	
OUTCOMES

	 •		Increased	seawater	temperature	affects	early	development	more	than	adults	in	the	
Common	whelk.

	 •	Decreased	pH	(7.7)	had	no	effect	on	pallial	fluid	pH	in	European	flat	oysters.

	
MANAGEMENT	TOOLS

	 •		Make	recommendations	towards	potential	management	strategies	that	could	
mitigate	predicted	major	threats	to	shellfish	stocks.

	 •		Identification	of	potential	growth	areas	for	established	and	new	fisheries	that	are	
less	susceptible	to	decline	under	future	climate	change.

	
POLICY	DRIVERS

	 •	Shellfish	Waters	Directive.

	 •	Common	Fisheries	Policy	(CFP).
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BACKGROUND	

Near-future	climate	change	will	include	an	increase	in	seawater	temperatures	(ocean	
warming)	and	a	decrease	in	ocean	pH	(ocean	acidification).	Commercially	fished	shellfish	
species	will	react	differently	to	these	changed	climatic	conditions.	Therefore,	predictions	
are	needed	to	guide	future	fisheries	and	aquaculture	towards	species	that	can	adapt	
or	even	thrive	in	this	changing	environment.	The	overall	objective	of	my	thesis	was	to	
investigate	the	impacts	of	near-future	climate	change	on	commercial	species	of	marine	
shellfish	and	to	explore	the	implications	of	these	impacts.	

	
RESEARCH	APPROACH

Two	commercially	fished	species	of	shellfish	were	exposed	to	near-future	sea-water	
conditions	concerning	temperature	(ocean	warming)	and	pH	levels	(ocean	acidification).	
Predictions	for	the	year	2100	were	used	to	determine	exposure	levels.	The	two	chosen	
species	were	the	Common	whelk	(Buccinum	undatum)	and	the	European	flat	oyster	
(Ostrea	edulis),	which	are	both	of	commercial	importance	in	Northern	Ireland	and	also	
represent	two	very	different	lifestyles.	The	Common	whelk	is	a	predator	and	scavenger	
with	direct	development	in	egg-capsules	attached	to	the	substrate	and	the	European		
flat	oyster	is	a	filter	feeder	with	free-swimming	larvae.	Animals	were	exposed	to		
near-future	environmental	conditions	and	afterwards	ecophysiological	measurements	
such	as	metabolic	rate	in	whelks	or	pH	in	the	brood	chamber	in	oysters	were	taken	to	
assess	the	impact	of	these	changes.

	
RESULTS

Metabolic scaling with temperature in the Common whelk (Buccinum undatum)

The	metabolic	rate	of	the	Common	whelk	(Figure	1)	was	investigated	as	a	tool	to	assess	
the	impacts	of	elevated	seawater	temperature.	Specimens	were	acclimated	to	three	
different	water	temperatures	(10,	14,	18°C)	for	physiological	experiments.	Experimental	
temperatures	were	chosen	to	represent	average	winter	temperature	at	time	of	spawning/	
hatching	(10°C),	elevated	winter	temperature	(14°C),	and	elevated	summer	temperature	
(18°C)	in	Strangford	Lough,	Northern	Ireland.	For	every	temperature	treatment,	specimens	
were	selected	for	a	range	of	sizes	from	newly	hatched	juveniles	(Figure	2)	to	fully-grown	
adults.	Results	from	respirometry	experiments	(Figure	3)	indicate	that	increased	seawater	
temperature	affects	juvenile	Common	whelks	more	than	adults.	There	is	also	increased	
oxygen	uptake	with	increasing	temperature	in	0	day	old	hatchlings	and	juveniles,	but	

not	in	10	day	old	hatchlings	and	adults,	which	could	be	due	to	different	tolerances	to	
temperature	over	lifecycle.

Figure	1.	Adult	Common	
whelk	(Buccinum	
undatum).

Figure	2.	Newly	hatched	
Common	whelk	
(Buccinum	undatum)	
getting	its	shell	height	
measured	(2	mm).
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Figure	3.	Common	
whelks	(Buccinum	
undatum)	undergoing	
respirometry	
measurements	in	
individual	chambers	
submerged	in	a	
temperature-controlled	
water	bath.

Effects of short-term ocean acidification on brood chamber conditions in the 
European flat oyster (Ostrea edulis)

Fertilization	in	European	flat	oysters	is	internal	and	the	female	broods	embryos	in	the	
pallial	cavity	(=	inhalant	chamber)	for	6	to	8	days	(Figure	4	and	5).	This	incubation	in	a	
“protected	environment”	gives	larvae	a	head	start	on	development	compared	to		
non-brooding	oyster	species.	To	see	how	the	ability	of	an	oyster	to	control	conditions	
in	the	pallial	cavity	is	impacted	by	acute	ocean	acidification	stress	and	subsequent	air	
exposure	and	recovery	they	were	exposed	to	low	pH	(7.7)	and	elevated	temperature	
(18°C)	over	seven	days,	after	which	conditions	in	the	pallial	cavity	were	measured	at	four	
sampling	times.	This	was	done	by	extracting	pallial	fluid	and	measuring	pH	and	oxygen	
content,	as	well	as	preserving	pallial	fluid	samples	for	later	analysis.	Results	showed	no	
difference	between	pallial	fluid	pH	in	control	(8.1)	and	treatment	pH	(7.7),	but	pinpointed	
sampling	time	as	a	significant	factor.

Figure	4.	Diagram	of	a	brooding	
oyster.	Labels	are	as	follows:	BM	
=	brood	mass,	AM	=	adductor	
muscle.	The	location	of	the	brood	
mass	represents	the	pallial	cavity/	
brood	chamber.

Figure	5.	European	flat	oyster	
(Ostrea	edulis)	with	numbered	neon	
green	queen	bee	marker		
(to	identify	individual	oysters).
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PROJECT	AIMS

	 •		To	analyse	the	effectiveness	of	current	governance	arrangements	for	the	protection	
of	biodiversity	and	water	quality	in	Lough	Foyle	and	Carlingford	Lough.

	 •		To	propose	recommendations	to	improve	the	environmental	governance	of	the	
cross	border	loughs.

	
PROJECT	OUTCOMES	

	 •		Improved	understanding	of	strengths	and	weaknesses	in	environmental	governance	
arrangements	in	transboundary	regions.

	
MANAGEMENT	TOOLS

	 •	To	inform	management.

	
POLICY	DRIVERS

	 •	EU	Marine	Strategy	Framework	Directive.

	 •	EU	Water	Framework	Directive.

	 •	Marine	Spatial	Planning.

	
BACKGROUND	

There	is	no	agreement	between	the	UK	and	Ireland	as	to	the	extent	of	their	jurisdiction	
within	Ireland’s	two	transboundary	sea	loughs.	Whilst	there	is	a	cross-border	body	with	
certain	management	and	conservation	functions	relating	to	fisheries	and	aquaculture	in	
both	loughs,	policy	fragmentation	and	jurisdictional	uncertainty	raise	concerns	about	the	

adequacy	of	current	governance	arrangements.	Failure	to	implement	an	integrated	and	
ecosystem-based	approach	to	marine	governance	in	both	loughs	could	jeopardise	the	
achievement	of	key	EU	environmental	targets,	including	those	imposed	by	the	Marine	
Strategy	Framework	and	Water	Framework	Directives,	and	could	potentially	lead	to	the	
imposition	of	financial	sanctions	by	the	Court	of	Justice	of	the	European	Union.	

	
RESEARCH	APPROACH

This	research	project	is	socio-legal	in	nature	because	it	analyses	governance	
arrangements.	Research	methods	include	desk-based	as	well	as	qualitative	empirical	
research,	entailing	semi-structured	interviews	with	elites	from	non-governmental	
organisations,	regulators,	government	departments	and	agencies	selected	because	
of	specific	knowledge	about	Foyle	and	Carlingford.	An	extensive	review	of	the	extant	
literature	on	transboundary	water	governance	forms	the	basis	for	development	of	criteria	
by	which	to	assess	the	effectiveness	of	governance	arrangements	in	Lough	Foyle	
and	Carlingford	Lough.	These	criteria,	which	are	based	on	the	concept	of	multilevel	
governance,	will	be	applied	to	identify	the	strengths	and	weaknesses	of	governance	for	
environmental	protection	in	both	loughs.	Recommendations	for	improved	governance	will	
then	be	made.

	
RESULTS

Criteria for assessing the effectiveness of governance arrangements in Lough Foyle 
and Carlingford Lough

Criteria	informed	by	a	multilevel	governance	perspective	have	been	developed	from	
established	principles	of	effective	water	governance	in	a	transboundary	context.	
These	criteria	will	be	applied	to	assess	governance	arrangements	in	Lough	Foyle	and	
Carlingford	Lough	and	relate	to:
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 A.		 Effective	Cooperation	Between	the	Two	Jurisdictions.

	 	 i.	 Cross-border	(horizontal)	integration.

	 	 ii.	 Adaptive	governance	methods.

	 	 iii.	Consistency	in	monitoring	and	assessment	reporting.

	 	 iv.	Well-functioning	data	and	information-sharing	systems.

	 	 v.	 Effective	enforcement	mechanisms	to	ensure	compliance.

	 B.		 Effective	Governance	Mechanisms	Within	Each	Jurisdiction.

	 	 i.	 Political	support	for	effective	transboundary	water	governance.

	 	 ii.	 Horizontal	integration	across	government	departments.

	 	 iii.	Vertical	integration	from	ministerial	level	to	local	agencies.

	 C.	Effective	Public	Participation	at	All	Levels	of	Political	Organisation.

Map	of	Northern	Ireland	showing	Loughs	Agency	boundaries	around	
Lough	Foyle	and	Carlingford	Lough.
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PROJECT	AIMS

	 •	To	provide	information	on	a	proposed	Marine	Protected	Area	(MPA)	location.

	 •		To	test	the	effectiveness	of	a	current	spatial	measure,	the	seasonal	closure	of	a	cod	
spawning	area.

	 •		To	predict	the	likely	effects	of	different	spatial	measures	on	deep	water	fisheries	off	
the	west	coast	of	the	UK	and	Ireland.

	
OUTCOMES

	 •		Survey	carried	out	of	Small	Isles	proposed	MPA.

		 •		Analysis	carried	out	of	fisheries	survey	data,	providing	evidence	for	whether	the	
existing	cod	spawning	area	closure	is	effective.

	 •		Analysis	of	deep	water	survey	data	providing	evidence	for	the	whether	a	depth-
based	fisheries	management	policy	makes	sense.

	
MANAGEMENT	TOOLS

	 •			Information	necessary	for	the	selection	and	evaluation	of	Marine	Protected	Areas	
and	other	spatial	measures,	from	the	nearshore	to	deep	sea,	in	the	programme	area	
and	beyond.

		 •		Development	of	survey	methods	appropriate	to	non-destructive	survey	of	
temperate	MPAs.
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POLICY	DRIVERS

	 •		Marine	Strategy	Framework	Directive.

		 •	Marine	and	Coastal	Access	Act.

		 •	Marine	(Scotland)	Act.

		 •	OSPAR	Convention.

		 •	Convention	on	Biological	Diversity.

		 •	Common	Fisheries	Policy.

	
BACKGROUND	

There	are	many	difficulties	to	manage	marine	resources	sustainably	whilst	protecting	
biodiversity.	Area	closures	have	been	suggested	as	a	tool	to	support	fisheries	
management,	particularly	for	areas	where	key	life	history	stages	congregate,	such	as	
spawning	aggregations.	Also	area	closures,	such	as	Marine	Protected	Areas	(MPAs),	are	
a	suggested	tool	within	the	ecosystem	based	management	framework	for	protecting	
biodiversity	and	all	interactions	within	an	ecosystem	component.

Although	these	two	different	strategies	for	using	area	closures	are	now	commonplace	in	
the	UK,	this	management	approach	remains	controversial	due	to	the	frequent	lack	of	clear	
objectives,	monitoring	and	impact	studies.	The	Before/After,	Control/Impact	(BACI)	survey	
design	is	accepted	as	an	appropriate	method	to	provide	evidence	of	the	effectiveness	of	
area	closures.	Effectiveness	will	only	be	evident	several	years	after	the	closure	has	been	
established	and	monitoring	needs	to	begin	several	years	prior	to	the	introduction	of	the	
closure,	ideally	with	monitoring	of	multiple	comparable	control	areas.	This	requires	long	
term	commitments	to	monitoring	over	time	before	effectiveness	can	be	determined.

There	can	be	negative	impacts	on	the	livelihoods	of	fishermen	who	are	displaced	
from	fishing	grounds	due	to	the	introduction	of	area	closures.	This	has	resulted	in	
understandable	opposition	to	their	implementation.	Providing	evidence	is	therefore	vitally	
important	to	support	decision-making	for	future	area	closures	and	to	evaluate	whether	
existing	closures	are	achieving	their	objectives.

	

RESEARCH	APPROACH

This	project	consisted	of	three	distinct	but	related	sub-projects:

Analysis of the effectiveness of an existing spawning area closure for Atlantic cod 
(Gadus morhua)

Cod	spawning	stock	biomass	off	the	west	coast	of	Scotland	was	severely	depleted	
during	the	1990s,	leading	to	a	series	of	management	measures	to	allow	for	recovery.	
Three	sub-populations	of	cod	off	the	west	coast	of	Scotland	have	been	identified,	with	a	
self-recruiting	population	in	the	Clyde.	A	planned	spawning	area	closure	in	for	2001	in	the	
Irish	Sea	led	to	fears	of	fishing	effort	being	displaced	into	the	Firth	of	Clyde.	This	resulted	
in	the	introduction	of	a	seasonal	closure	in	the	Clyde	that	coincided	with	the	Irish	Sea	
closure.

Data	on	cod	numbers	exist	from	before	and	after	the	closure	for	the	Clyde	and	for	two	
other	spawning	areas	which	were	not	closed.	This	provides	an	opportunity	for	a	BACI	
analysis	to	determine	the	effectiveness	of	the	Clyde	closure,	compared	to	two	similar	
areas.

Drawing a line: to what depth should fishing be allowed?

A	forthcoming	vote	in	the	EU	Council	of	Ministers	will	determine	the	future	of	deep	water	
fisheries	in	Europe.	This	is	an	unprecedented	opportunity	and	will	result	in	changes	in	
management	to	a	huge	and	highly	biodiverse	set	of	ecosystems.	One	measure	under	
consideration	is	a	ban	on	bottom	trawling	deeper	than	600	m.	While	this	has	primarily	
been	suggested	to	protect	Vulnerable	Marine	Ecosystems	(VMEs)	such	as	cold	water	
corals	and	sponge	beds	it	will	also	have	major	implications	for	the	many	fish	species	
found	between	600	m	and	the	current	maximum	practical	fishing	depth	of	around	1500	m.

Baited stereo-video surveys of a proposed marine protected area

It	is	extremely	important	to	have	non-destructive	means	of	surveying	MPAs,	before	and	
after	implementation.	Baited	stereo	video	systems	provide	one	such	method,	but	have	
not	been	used	for	this	purpose	in	UK	waters.

Surveys	were	carried	out	in	the	proposed	Small	Isles	MPA	with	camera	deployments	in	
the	area	due	to	be	designated	and	surrounding	areas.	Existing	variability	in	fishing	effort	
due	to	topographical	obstructions	was	used	to	estimate	how	fishing	currently	affects	
benthic	biodiversity	and	fish	abundance.
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RESULTS

Analysis of the effectiveness of an existing spawning area closure for Atlantic cod 
(Gadus morhua)

The	Clyde	seasonal	closure	did	stop	the	seasonal	build-up	of	fishing	effort	on	spawning	
cod.	But	despite	the	potential	benefits	of	the	closure	there	was	no	evidence	of	a	local	
recovery	on	the	Clyde	cod	sub-population	more	than	a	decade	after	its	implementation.	
Results	showed	that	total	mortality	following	the	closure	did	not	change	in	the	Clyde	after	
the	area	closure	was	introduced.	Possible	explanations	for	this	could	be	increased	natural	
mortality	or	continued	fishing	mortality	through	bycatch	in	the	Nephrops	fishery.	Even	
though	there	has	been	a	lack	of	any	sign	of	recovery	of	cod	in	the	Clyde,	the	rationale	for	
an	area	closure	to	protect	spawning	cod	in	the	Clyde	appears	justified,	especially	given	
the	potential	for	effort	to	be	displaced	from	another	nearby	closure.	However,	further	
measures	are	clearly	needed	if	the	local	cod	population	is	to	be	recovered.

Drawing a line: to what depth should  
fishing be allowed?

This	study	investigated	the	changes	in		
fish	fauna	across	this	depth	range	to		
evaluate	the	likely	effects	of	bans	at		
different	depths.	The	factors	
investigated	included	the	numbers	
of	species	affected,	proportion	of	the	
catches	made	up	of	commercial	species	
and	the	proportion	of	the	catch	made	up	
of	elasmobranchs.	

These	results	cannot	currently	be	
released	due	to	their	political	sensitivity.

Baited stereo-video surveys of a  
proposed marine protected area

These	results	are	still	being	analysed	but		
will	provide	a	pre-closure	baseline	for	this		
MPA	and	guide	future	spatial		
management	by	allowing	us	to	understand		
the	relative	effects	of	fishing	and	other		
factorson	these	marine	systems.

	Deploying	the	stereo-video	camera	
frame	with	current	meter	into	
the	proposed	Small	Isle	Marine	
Protected	area,	west	coast	of	
Scotland.

	Still	image	of	
burrowed	mud	
community	in	the	
proposed	Small	Isle	
Marine	Protected	
Area,	taken	from	
stereo-videos.

Atlantic	cod	(Gadus	
morhua)	amongst	
the	target	species	
of	langoustines	
(Nephrops	
norvegicus)	taken	
by	a	Nephrops	trawl	
off	the	west	coast	of	
Scotland.
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PROJECT	AIMS	

	 •		This	project	will	analyse	existing	data	sources	to	assess	patterns	in	cetacean	
distribution	around	the	north	coast	of	Ireland.	

	 •		A	targeted	Passive	Acoustic	Monitoring	(PAM)	study	at	the	Inishowen	Peninsula	
(County	Donegal)	will	produce	data	to	help	understand	the	importance	of	this	
site	for	cetaceans,	and	will	analyse	acoustic	encounters	with	respect	to	potential	
environmental	drivers.	

	 •		The	PAM	dataset	will	be	used	to	continue	the	development	of	techniques	to	
effectively	assess	ambient	noise	levels	in	energetic	coastal	systems.	

	
OUTCOMES	

	 •		Provide	an	overview	of	cetacean	spatial	distribution	patterns	around	the	north	coast	
of	Ireland.

	 •		Provide	a	long	term	assessment	of	temporal	distribution	patterns	of	cetaceans	
around	the	Inishowen	Peninsula.

	 •	Provide	baseline	data	on	ambient	noise	levels	around	the	Inishowen	Peninsula

	
MANAGEMENT	TOOLS:	

	 •		This	study	will	develop	tools	to	analyse	land-based	observation	data	from	visual	
cetacean	surveys	and	opportunistic	sightings.	

	 •		This	study	will	develop	tools	to	effectively	measure	ambient	noise	in	energetic	
costal	systems.	

POLICY	DRIVERS

	 •		All	cetaceans	are	protected	under	the	EU	Habitats	Directive	(92/43/EEC);	the	
bottlenose	dolphin	(Tursiops	truncatus)	and	harbour	porpoise	(Phocoena	phocoena)	
are	listed	under	Annex	II.

	 •		The	Marine	Strategy	Framework	Directive	(2008/56/EC)	specifically	addresses	the	
impacts	of	noise	on	the	marine	environment	through	Descriptor	11.	

	
BACKGROUND	

There	are	increasing	demands	on	our	oceanic	resources,	and	cetaceans	have	been	
identified	by	the	scientific	community	as	being	at	risk	from	a	number	of	anthropogenic	
pressures	including	chemical	pollutants,	by-catch	and	entanglement,	and	most	recently,	
noise-emitting	activities.	It	has	been	reported	that	ocean	noise	levels	are	rising	as	a	result	
of	human	activity,	yet	methods	to	mitigate	threats	and	effectively	protect	cetaceans	are	
often	constrained	by	limited	data	on	distribution	and	habitat	use.	Cetaceans	in	Irish	and	
UK	waters	are	protected	under	a	suite	of	international	and	national	legislation,	but	for	
legislation	to	be	effective	it	must	be	underpinned	by	robust	science.	This	project	aims	to	
assess	the	spatial	and	temporal	ecology	of	cetaceans	around	the	north	coast	of	Ireland,	
help	understand	the	importance	of	the	Inishowen	Peninsula	for	cetaceans	and	measure	
ambient	noise	levels	at	this	site.	

	
RESEARCH	APPROACH

Cetacean	population	studies	have	traditionally	been	collected	using	visual	techniques	
which	are	heavily	influenced	by	observer	variability,	the	availability	of	light	and	sea	
conditions.	Passive	Acoustic	Monitoring	overcomes	many	of	these	limitations	and	has	
the	ability	to	generate	large	volumes	of	data	in	a	relatively	short	space	of	time	whilst	
simultaneously	generating	data	to	measure	ocean	noise	levels.	PAM	techniques	however	
are	often	spatially	constrained,	and	may	not	be	as	effective	in	enumerating	cetaceans	
or	detecting	non-vocalising	species.	This	project	will	utilise	both	approaches	employing	
a	dedicated	PAM	study	at	the	Inishowen	Peninsula	to	assess	the	temporal	patterns	in	
cetacean	presence	and	ambient	noise	levels,	with	an	assessment	of	opportunistic	and	
effort	based	visual	data	to	help	understand	spatial	distribution	patterns	and	ensure	
that	any	rarely	encountered	species	(unlikely	to	be	recorded	by	the	PAM	study)	are	
considered.	
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RESULTS

A spatial analysis of cetacean species across the north of Ireland 

The	Irish	Whale	and	Dolphin	Group	(IWDG)	sightings	data	from	Counties	Donegal,	Derry/
Londonderry,	Antrim	and	Down	contained	3374	sightings	between	1970	and	2014	(Table	1).	
Eleven	species	have	been	identified	with	the	harbour	porpoise	being	the	most	commonly	
sighted	cetacean	in	the	waters	around	the	north	of	Ireland.	Analysis	is	ongoing	to	create	a	
large	scale	map	of	encounter	rate	for	harbour	porpoise	around	the	north	coast	of	Ireland	
through	a	Bayesian	framework	whilst	circular	statistical	analysis	will	assess	species	
composition	and	seasonality	of	sightings	around	the	coastline.		
	
Table	1.	Land	based	visual	observation	records	(opportunistic	and	effort)	for	cetacean	
species	in	Co.	Donegal,	Derry/Londonderry,	Antrim	and	Down	between	1970	and	2014.	
	 	 	
Species Cumulative number of 

Sightings 1970-2014

Common	Name Latin	Name

Atlantic	White	Sided	Dolphin Lagenorhynchus	acutus 1

Bottlenose	Dolphin Tursiops	truncatus 559

Common	Dolphin Delphinus	delphis 51

Harbour	Porpoise Phocoena	phocoena 2028

Humpback	Whale Megaptera	novaeangliae 7

Killer	Whale Orcinus	orca 49

Minke	Whale Balaenoptera	acutorostrata 269

Northern	Bottlenose	Whale Hyperoodon	ampullatus 2

Pilot	Whale Globicephala	melas 2

Risso's	Dolphin Grampus	griseus 42

White	beaked	Dolphin Lagenorhynchus	albirostris 4
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A temporal analysis of cetacean species around the Inishowen Peninsula using  
Passive Acoustic Monitoring (PAM)

Continuous	monitoring	began	at	the	Inishowen	site	on	13/05/14.	CPOD	data	were	
analysed	under	the	dedicated	CPOD.exe	software	which	was	subject	to	quality	control	
assessments	by	visually	inspecting	click	trains	(Figure	1).	The	number	of	false	positive	
harbour	porpoise	clicks	trains	(Narrow	Band	High	Frequency;	NBHF),	from	this	dataset	
was	lower	than	the	recommended	limit.	Dolphin	click	trains	were	less	commonly	
recorded	during	the	deployment	period,	and	sample	size	was	small	enough	to	visually	
inspect	all	clicks	and	remove	false	positives	manually.	Dolphin	whistles	have	also	
been	identified	using	the	SM2M	broadband	acoustic	recorder.	Preliminary	analysis	of	
the	harbour	porpoise	and	dolphin	detections	revealed	an	interesting	peak	in	dolphin	
detections	that	coincided	with	a	drop	in	harbour	porpoise	detections	(Figure	2	&	3).	This	
apparent	interaction	may	not	be	directly	causative	and	is	likely	to	be	influenced	by	many	
additional	factors.	Data	analysis	will	continue	to	assess	the	full	bio-acoustic	elements	
of	the	soundscape	exploring	patterns	in	cetacean	presence	with	respect	to	a	number	of	
environmental	variables.	

Figure	1.	Correctly	
classified	harbour	
porpoise	click	train	in	
CPOD.exe	showing	long	
duration	and	dominant	
frequencies	of	125kHz.
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	Figure	2.	Harbour	
porpoise,	Narrow	Band	
High-Frequency	(NBHF),	
Detection	Positive	Minutes	
(DPM)	per	day.	

	Figure	3.	Dolphin	
Detection	Positive	Minutes	
(DPM)	per	day.	

Retrieval	of	the	Inishowen	acoustic	
mooring;	SM2M	(top)	and	C-POD	with	anti	
drag	float	(bottom);	for	equipment	servicing	
and	redeployment.	

Encounters	with	bottlenose	dolphins	(Tursiops	truncatus)	during	equipment	servicing	
16/06/14	and	05/08/14.	
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Using soundscapes to predict  
freshwater habitat quality

Author:	Camilla	Piggott

Supervisors:		Dr	Anna	McGregor,	Dr	Jennifer	Dodd,	Prof	Colin	Adams

Acknowledgements:		Oisin	Doherty,	Declan	Lawlor

Location	of	full	report:		http://www.loughs-agency.org/ibis/the-project/research

PROJECT	AIMS

	 •		To	identify	a	quicker	and	more	cost	effective	but	accurate	and	robust	mechanism	
for	monitoring	freshwater	stream	condition.

	 •	To	evaluate	the	emerging	use	of	soundscape	techniques	as	a	monitoring	tool.

	
OUTCOMES

	 •		The	study	showed	a	strong	link	between	elements	of	the	underwater	“soundscape”	
and	water	quality.

	 •		The	study	demonstrated	the	effectiveness	of	a	rapid	acoustic	river	quality	
assessment	technique	indicating	the	value	of	further	development.

	
MANAGEMENT	TOOLS

	 •		The	preliminary	analysis	needed	for	a	cost	effective,	highly	novel	and	rapid	habitat	
quality	assessment	tool	for	use	in	freshwater	ecosystems.

	 •		A	demonstration	of	the	use	of	a	new	methodology	with	potentially	wide	ranging	
applications	for	monitoring.	

	
POLICY	DRIVERS

	 •		EU	Water	Framework	Directive	(EC	Council	Directive	2000/60/EC).

	 •	EU	Habitats	Directive-	(EC	Council	Directive	92/43/EEC).

BACKGROUND	

Monitoring	freshwater	rivers	and	streams	for	pollution	control	has,	since	the	
implementation	of	the	EU	Water	Framework	Directive,	switched	from	focussing	on	direct	
measures	of	water	quality	to	measures	of	the	quality	of	the	whole	aquatic	ecosystem.	
In	practice,	this	has	meant	mostly	measuring	the	range	and	size	of	the	communities	
of	freshwater	invertebrates.	The	approaches	used	to	do	this	currently	revolve	around	
collecting	biological	samples	from	streams	at	regular	intervals	and	identifying	the	main	
invertebrate	family	groups.	The	pollution	tolerance	of	individual	invertebrate	groups	is	
then	used	to	indicate	the	condition	of	the	site.	This	process	is	very	effective	but	time	
consuming	and	ultimately	costly	for	the	agencies	for	which	this	is	a	statutory	requirement.

If	a	more	cost	effective	but	robust	technique	could	be	developed	it	might	be	possible	to	
increase	the	geographic	range	of	monitoring	and	/	or	increase	monitoring	frequency.	Both	
are	highly	desirable.	In	the	research	study	described	here,	we	examine	one	highly	novel	
approach	to	the	development	of	more	rapid	river	monitoring.	Recording	and	subsequent	
analysis	of	the	sounds	in	an	ecosystem	(its	“soundscape”)	has	been	used	effectively	
to	monitor	biodiversity	and	ecosystem	health	in	a	number	of	habitats,	most	notably	in	
forests	and	woodlands.	There	is	no	theoretical	barrier	to	the	same	techniques	working	
in	other	ecosystems.	In	this	study	we	collect	soundscape	data	from	a	wide	range	of	
river	habitats	and	compare	the	soundscape	approach	with	that	of	more	conventional	
invertebrate	analysis	techniques.

	
RESEARCH	APPROACH

Underwater	digital	audio	recordings	were	made	with	a	hydrophone	at	18	sites,	3	times	
each	day	around	the	Foyle	catchment,	Ireland/Northern	Ireland.	Analysis	was	able	
to	separate	the	sounds	resulting	from	physical	river	noises	from	those	of	the	animals	
living	there.	The	soundscapes	originating	from	animals	were	then	analysed	for	acoustic	
diversity	and	the	complexity	of	the	soundscape.	These	data	were	then	compared	with	
more	conventional	analyses	of	water	chemistry	and	invertebrate	community	from	the	
same	sites.	
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RESULTS

“Soundscapes” as a tool for evaluating biodiversity and water quality

Of	the	underwater	sounds	recorded	at	the	study	sites,	the	two	major	components	were	
sounds	resulting	from	wind,	river	water	and	bed	movement	and	sound	from	the	animals	
living	there.	This	latter	category	comprised	mostly	sound	produced	by	invertebrates.	Two	
measures	of	this	component,	the	diversity	and	the	complexity	of	the	recorded	sounds	
varied	with	the	time	of	day	but	also	varied	predictably	with	measures	of	water	chemistry	
and	with	invertebrate	communities.	Both	diversity	and	complexity	increased	in	sites	
where	water	quality	was	high.	In	this	preliminary	study,	we	identified	a	very	significant	
potential	for	further	development	of	this	technique	to	rapidly	evaluate	water	quality	in	
rivers.

Using invertebrates to monitor river water 
quality and predict salmon density

Author:	Carolyn	E.	Bryce

Supervisors:		Prof.	Colin	E.	Adams,	Dr.	Patrick	Boylan,	Dr.	Jennifer	Dodd

Acknowledgements:		Dr.	D.	Lawler,	Ms.	R.	Scott

Location	of	full	report:	http://www.loughs-agency.org/ibis/the-project/research/

PROJECT	AIMS

	 •		To	predict	river	water	quality	in	Ireland/Northern	Ireland	cross-border	catchments	
by	the	application	of	a	computer	model	use	to	assess	the	biological	quality	of	rivers	
based	on	their	invertebrate	communities.

	 •		To	use	these	water	quality	simulations	to	attempt	to	predict	site	specific	salmon	and	
trout	densities.

	
OUTCOMES

	 •		Although	generally	high,	river	water	quality	varied	between	sites	in	the	Foyle	and	
Carlingford	catchments.

	 •		Salmonid	density	was	not	predicted	by	water	quality	scoring	using	this	technique,	
indicating	that	for	most	sites	water	quality	is	not	depressing	salmonid	density	in	
these	catchments.

	
MANAGEMENT	TOOLS

	 •		Successful	application	of	a	water	quality	monitoring	model	to	two	river	catchments	
that	cross	the	Ireland/Northern	Ireland	border.

	 •	Specific	sites	were	identified	for	further	management	investigation.

	 •	Recommendations	for	collecting	future	biological	water	quality	monitoring	data.

POLICY	DRIVERS	

	 •	EU	Water	Framework	Directive	(EC	Council	Directive	2000/60/EC).
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BACKGROUND	

Freshwater	invertebrate	communities	provide	very	useful	long-term	information	on	the	
ecological	health	of	our	streams	and	rivers.	A	number	of	practical	and	theoretical	models	
are	available	that	can	use	invertebrate	data	to	produce	an	index	of	water	quality	enabling	
the	identification	of	sites	impacted	by	pollution	that	need	management	attention.	This	
study	investigated	the	potential	effect	of	water	quality	on	Atlantic	salmon,	Salmo	salar	
and	brown	trout	Salmo	trutta	populations.	These	fish	are	high	value	species	that	can	be	
sensitive	to	poor	quality	water.	

	
RESEARCH	APPROACH	

The	River	Invertebrate	Classification	Tool	(RICT)	is	a	computer-based	model	that	uses	
environmental	measurements	from	a	river	site	to	simulate	the	expected	occurrence	of	
invertebrates	under	pristine	conditions.	Comparing	this	simulation	to	the	invertebrate	
community	actually	found	at	a	site	tells	us	if,	and	by	how	much,	that	site	has	been	
impacted	by	pollution.

In	this	study	we	firstly	applied	the	RICT	model	to	data	from	52	sites	from	2008	to	2011	
across	the	Foyle	and	Carlingford	river	catchments.	Model	simulated	data	were	then	
compared	to	actual	invertebrate	community	data	collected	by	a	standard	sampling	
method,	kick	sampling.

Invertebrate	data	were	also	used	to	attempt	to	predict	the	density	of	salmon	and	trout.	
Fish	density,	measured	using	a	timed	electrofishing	method,	was	then	compared	with	
invertebrate	community	data	generated	from	RICT,	to	see	whether	predicted	water	quality	
can	be	used	to	predict	the	density	of	these	fish	in	streams.

	
RESULTS

Water quality

One	of	the	outputs	of	the	modelling	process,	the	Average	Score	Per	Taxon	(ASPT)	gives	a	
measure	of	the	average	pollution	tolerance	of	the	invertebrate	community	found	at	a	site;	
a	high	ASPT	number	indicating	lots	of	pollution-sensitive	species	and	good	water	quality.	
The	majority	of	the	sites	in	the	Foyle	were	categorised	as	“High”	or	“Good”	quality.	
However	a	few	were	“Moderate”	and	one	was	“Poor”,	indicating	management	attention	
is	required	at	these	sites.	All	sites	in	the	Carlingford	area	were	of	either	“High”	or	“Good”	
quality.

Water	quality	in	the	Foyle	
catchment	in	2010	was	mostly	
“High”or	”Good”,	in	a	few	sites	
it	was	“Moderate”	and	in	one	it	
was	“Poor”.

Water	quality	in	the	
Carlingford	catchment	
in	2009	was	all	either	
“High”or	”Good”.
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Salmonid density and water quality

Salmon	and	trout	density	varied	between	sites	in	the	Foyle	catchment,	and	this	variation	
was	not	predicted	by	similar	variation	in	water	quality	estimated	using	output	from	the	
RICT	computer	model.

We	conclude	that	the	small	variation	in	water	quality	between	sites	is	not	having	an	
impact	on	the	production	of	salmon	or	trout	in	the	Foyle	and	Carlingford	catchments.

Factors	other	than	water	quality	must	be	influencing	population	density	of	salmonids	in	
these	catchments.
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