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Report of the Standing Scientific Committee of Nedional
Salmon Commission - The Status of Irish Salmon I&aT
2007 and Precautionary Catch Advice for 2008

Executive Summary

A National Salmon Commissionwas established in 1999 under the 1999 Fisheries
(Amendment) Act along with &tanding Scientific Committee”to advise and assist
the Commission on all technical and scientific mets in relation to the
performance of the Commission’s functions.Updated terms of reference were
provided to both the NSC and its SSC in 2006 aeddlare given in full below.

The purpose of this report, therefore, is to previthe technical and scientific
information required by the National Salmon Commoissn order to meet some of its
terms of reference. This includes information ashl salmon stocks, the current
status of these stocks relative to the objectivenekting biologically referenced
“Conservation Limits” and the catch advice whichlallow for a sustainable harvest
of salmon in 2008 and into the future. The CongawmalLimit applied by the
Standing Scientific Committee to establish the ustabf individual stocks is the
“maximum sustainable yield” (MSY) also known as #teck level that maximizes
the long-term average surplus, as defined and hgetie International Council for
the Exploration of the Sea (ICES) and the NorthaAtic Salmon Conservation
Organisation (NASCO).

The report also outlines the scientific advice psscleading to the formulation and
presentation of the catch advice for the 2008 seaso

Prior to the fishery in 2005, precautionary catclviee was provided on a fishery
district basis. In line with the Government demisto move to single stock fishing on
stocks meeting and exceeding Conservation Limits2B@7, it is necessary to
examine river specific information and provide nattonary catch advice, river by
river, on a forecasted estimate of the availabditgalmon in each individual river for
the fishery year (season) in question.

On the basis of the best information available attles, counts or other estimates
and application of a forecast model to these dhtaStanding Scientific Committee
advises that:
There are 53 rivers which will have an identifiabdairplus over the
Conservation Limit and a harvest fishery can prdaae2008.
In addition, there are 13 rivers with 2 Sea Wirdger‘'spring salmon” stocks
where there will be a surplus over the 2SW Congenvd.imit and therefore a
harvest of spring fish is possible.
There are 25 rivers which do not have an identdaburplus over the
Conservation Limit. In this instance, there are hawvest options available
which will allow a 75% chance that the Conservationit will be met and no
harvest fisheries should take place on these rivers
There are also three 2SW or “spring salmon” stackieh are also failing to
meet Conservation Limits.
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In addition to the main fisheries above there g@reximately 70 small rivers
where the annual average rod catch has been ssl€hsalmon since 2001.
The combined rod catch from these rivers is less 1©.5% of the current
estimated national rod catch. Although these asgynificant fisheries, their

stocks are important as spawning populations iretlegvn right which must

be maintained for biodiversity as required undex BU Habitats Directive.

The Standing Scientific Committee advise that nwést fisheries should take
place on these stocks until such time as additionfirmation becomes

available to assess stock status relative to @anservation Limits.

While the main focus of this report is on fisheraexl fisheries effects, there are real
concerns relating to factors causing mortality eh such as predation by seals,
diseases and parasites, marine pollution and dinchiange. Presently, there is
insufficient empirical information to allow anytlgnother than general advice to be
given on these factorse. the more the effects of each individual factor ¢an
reduced the more salmon will return to our coasts rivers. Clearly, more directed
investigations need to be carried out on theserdtwstors and this is outside the
scope of this report.

Given the current poor marine survival conditiotg expectation of large catches is
unrealistic at present and there should be a prigiven to conservation rather than
catch. Despite reduced exploitation on many stegkse 1997 and the recent closure
of the mixed stock fisheries in 2007, many Irishmsan stocks are still failing to meet
their Conservation Limits.

By closing rivers to harvest, there will be an afeseof catch data and it will not be
possible to provide an assessment of the statasré stocks. Therefore alternative
stock assessment techniques and information wilefaired. The Standing Scientific

Committee recommends that information is made abhalto allow the committee to

provide a stock assessment for all rivers annualifis should be based on one or
(preferably) more of the following:

Redd count surveys as indices of total stock.

Juvenile assessment surveys as indices of totzt.sto

Survey draft netting and mark recapture assessments

Adult counts from new counter installations (indhglboth main stems and/or
tributaries).

Adult stock indices from existing traps — at lees2008 while other surveys
are being developed.

Rod catch data — where catch and release fishatipised on these rivers.

In this regard, significant progress was made i@72@ith the initial steps taken in
developing a juvenile electro-fishing index of $toabundance and with the
installation of several new fish counters.
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The Status of Irish Salmon Stocks in 2007 and
Precautionary Catch Advice for 2008

Introduction

Up to 2001, the Irish fishery for salmoBglmo salay was managed by a combination
of effort limitation and the application of techalaconservation measures relating to
size and type of fishing gear. While these meastzgslate the efficiency of the
fishery, they are not sensitive to the stock awdglaand allow the same level of
fishing even when stocks are lovn recognition of this and growing evidence both
nationally and internationally of a widespread dexlin salmon stocksa National
Salmon Commissionwas established in 1999 under the 1999 Fishefiee(dment)
Act. The Commission was reconstituted in 2005 wttle following terms of
reference:

1. To consider how best the wild salmon resourcg beamanaged, conserved
and exploited on a sustainable basis, having reiggudrticular to Government policy
and Regulation 31 of the Regulations of 1997.

2. To provide the Minister with any appropriate esssnent prepared by the
Committee for purposes of Regulation 31 of the Ragns of 1997.

3. To consider what conservation management mesimamight be required to
achieve the alignment of total allowable catched guootas with scientific advice
provided by the Committee.

In particular, where possible, the Commission sthquiovide its advice on
total allowable catches and quotas on an individuat basis.

Where it is not possible to tender advice on thsisbaf individual rivers
advice should tendered on the basis of fisheryidist

Advice on total allowable catches and quotas dtedliéct the imperative of
ensuring that stocks are maintained above theis@uwation Limits.

Where stocks are below Conservation Limits, adwice total allowable
catches and quotas should be to ensure a high Iplipbaof meeting
Conservation Limits.

4, To propose, how an objective balance betweenpeting interests in the
salmon fishery may be obtained within the framewark the conservation
management mechanism as necessary.

5. To engage, as appropriate, in a proactive diedogith representatives of
bodies and organisations prescribed for the pugasesection 55A(2)(b) of the
Fisheries Act 1980 and other relevant persons ajettively evaluate any proposals
they may have to achieve the alignment referreinh fgaragraph 3, having regard to
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the conservation, management, protection and dewedat of the national salmon
resource and to make practical recommendatiortget®linister in this regard.

6. To consider in relation to the making of anyormendations the following
points:

@) best practice internationally,

(b)  technical rules such as net size, lure tgpe,

(c) enforcement measures,

(d) catchment management,

(e) single stock management,

() adjustments to fishing seasons,

(g0 compensatory measures, including detailed mgstand details of how
they are to be resourced,

(h)  obligations of the Minister under Regulation &lthe Regulations of
1997,

0] how the private sector may best contribute be tpromotion of
effective management, development, sustainable ogapbn and
conservation of wild stocks of salmon, and

()] a timeframe within which the Commission consglespecific
recommendations should be implemented.

7. To have regard to the fact that any recommemisti concerning
compensatory measures must be predicted on the tiadi the Minister will not
contribute to any funding that may be required &y measures that may be
recommended unless a public good is identifiedifijed and quantified.

Under the 1999 Fisheries (Amendment) Act, provisislas made for the
establishment of &tanding Scientific Committee (SSCith the following Terms
of Reference provided in 2006:

1. The Committee shall carry out an appropriatesssaent of salmon stocks in
accordance with Regulation 31 of the Regulations98f7.

The appropriate assessment using internationalteped best scientific practice
should demonstrate whether Conservation Limitsbaiag or likely to be attained or
otherwise:
(@) in special areas of conservation designate@ruRegulation 9 of the
Regulations of 1997, and
(b) on an individual river basis or on a fishergtdct basis in areas other
than special areas of conservation.

The appropriate assessment for special areas afeoation and for all fishery
districts shall take account of the interceptorye&s on mixed salmon stocks
including the potential effects on freshwater sainmoother jurisdictions.

2. In cases where stocks are determined to be kblewWonservation Limits the
Committee shall advise the level to which catcheeukl be reduced or other
measures adopted on a fishery basis or distrigs nma®rder to ensure a high degree
of probability of meeting the Conservation Limits.
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3. In cases of identified small scale artisanahdiges, which may impact on
stocks that are below the Conservation Limits, @mmmittee shall advise on the
impact such a fishery has and in what circumstanemy, it may be allowed to
continue.

4, For the purpose of advising the CommissionGbmmittee shall develop age
specific Conservation Limits where possible on widlial river stocks and estimate
the overall abundance of salmon returning to riverthe State.

The SSC is nominated by the National Salmon Comamisand appointed by the
Minister and comprises scientific advisers drawonfrthe Marine Institute (Ml),
Central Fisheries Board (CFB), the Environmentabt&ition Agency (EPA),
National Parks and Wildlife Service (NPWS), Bordsdaigh Mhara (BIM), The
Loughs Agency, and the Agriculture, Food and Biesces Institute for Northern
Ireland (AFBINI) and recently the Electricity SugdBoard (ESB- see Appendix I).
Although the scientists are drawn from these agsndhe advice from the SSC is
independent of the parent agencies.

Prior to 2005, precautionary catch advice was giedion a district basis. With the
establishment of the new terms of reference foNtagonal Salmon Commission, (in
particular Terms of Reference 1 and 5 (g and Hating to Government policy,
national objectives, national obligations and in&ional obligations, it was
necessary to progress the assessment from a tdegipraisal of the status of stocks to
a river specific appraisal with catch advice preddor each individual river in 2007
and subsequently in 2008 and beyond.

The purpose of this report, therefore, is to previthe technical and scientific
information required by the National Salmon Commoissn order to meet some of its
terms of reference. This includes information ashl salmon stocks, the current
status of these stocks relative to the objectiveneéting Conservation Limits (CLS),
and the catch advice which will allow for a sustdile harvest of salmon into the
future. The report also outlines the scientificiad\process leading to the formulation
and presentation of the catch advice for the 2088sen following the Irish
Government’s decision to move to single stock fiEse on stocks meeting
Conservation Limits and to end mixed stock fishangea.

National Objectives
Government Policy

(http://lwww.dcmnr.gov.ie/Naturdl/

In 2008, the responsibilities for inland fisheriesincluding the governance of
salmon fisheries was transferred to a new departmén.e. the Department of
Communications, Energy and Natural Resources, DCENR

Government policy is to conserve the inland fisberesource in its own right and its
viability and economic and social contribution atianal, local and community level.

The Governments strategic objectives are to



SSC Report to NSC 07/08

Ensure the effective conservation, primarily thdouge Fisheries Boards, of
inland fish habitats and stocks.

Deliver effective and value for money managementhef inland fisheries
service.

Ensure effective legislative and regulatory framefor inland fisheries.

Encourage sustainable development of the commeadhtecreational fishing
resource.

International Obligations

In the provision of advice the National Salmon Cadssion must also consider
Irelands international obligations regarding cateldvice and attainment of
Conservation Limits. Some of these are outlinddve

The North Atlantic Salmon Conservation OrganisatigiNASCO)
Ireland, as part of the EU, is also a signatorheoNASCO Convention. The primary
management objective of NASCO is:

‘to contribute through consultation and co-operatitm the conservation, restoration,
enhancement and rational management of salmonsta&kng into account the best
scientific advice available’.

In 1998, the North Atlantic Salmon Conservation @ngation (NASCO, 1998) to
which the EU is a Contracting Party on behalf ofrmber States, adopted the
“precautionary approach” to fisheries managemen(dlined in FAO, 1995, 1996).
The NASCO Agreement on the Adoption of the Precauatiy approach states, that:

‘an objective for the management of salmon fisheside provide the diversity and
abundance of salmon stocks’

or in other words to maintain both the productiepacity and diversity of salmon
stocks. NASCO provides interpretation of how tisiso be achieved. Management
measures should be aimed at maintaining all stabkse their Conservation Limits
by the use of management targets. Socio-econoauitors could be taken into
account in applying the Precautionary Approachidbdries management issues. The
precautionary approach is an integrated approaahréguiresjnter alia, that stock
rebuilding programmes (including as appropriatehdry management actions, habitat
improvements and stock enhancement) be developedstéwks that are below
Conservation Limits.

The International Council for the Exploration of tke Sea (ICES)

ICES provide advice to NASCO for the managemefiisbkries in the North Atlantic
(ICES 2007) particularly the mixed stock fishermsWest Greenland and Faroes.
Specific advice is given for the stocks of salmmmf southern Europee. the stock
complex representing salmon originating from rivarsireland, UK, France and
Spain.
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The quantitative forecast of PFA for 2007 indicathst this stock complex is
expected to continue to decline from the previaas.yin the absence of any fisheries
on this stock complex there is a less than 64%atity that the CL will be achieved
in 2008. The PFA forecast for 2007-2010 predictéues below the SERand
therefore there should be no fishing on this compteWVest Greenland or Faroes.

ICES also provide advice on the management of thraelwater fisheries in the

countries of origin as follows:
The precautionary approach is to fish only on metgrlSW salmon from
rivers where stocks have been shown to be atdphloductive capacity.
Reductions in exploitation are required for as matgcks as possible, to
increase the probability of the complex meetinggowvation Limits.
Furthermore, due to the different status of indiabstocks within the stock
complex, mixed stock fisheries present particliagats to stock status.

The EU Habitats Directive
Council Directive 92/43/EEC (on the conservationnatural habitats and of wild
flora and fauna) states that:

"If a species is included under this directive, eguires measures to be taken by
individual member states to maintain or restorentihte favorable conservation status
in their natural range”.

The North Atlantic salmonSalmo salarl..) has been included as one of the species
covered by the directive. From an Irish perspectithere are currently 26 Irish
salmon rivers listed which fall specifically undéne directive (Appendix II).
However, in applying the directive consideration stnbbe given to all of the
populations and not just specifically to thesei26érs.

The conservation status of a speamsans the sum of the influences acting on the
species concerned that may affect the long-terrrilglision and abundance of its
populations within its territory (also defined) atiis conservation statusvill be
taken as ‘favourable’ when:
population dynamics data on the species concermeldtate that it is
maintaining itself on a long-term basis as a vialenponent of its natural
habitats, and
the natural range of the species is neither beauyiged nor is likely to be
reduced for the foreseeable future, and
there is, and will probably continue to be, a sudintly large habitat to
maintain its populations on a long-term basis...”

The directive specifically allows for provision b2 made for management measures
for salmon, if their conservation status so wasambcluding the prohibition of
certain means of capture or killing, whilst prowvigifor the possibility of derogations
on certain conditions.

" SER (Spawning Escapement Reserbg CL increased to take account of natural maytali
between the recruitment date (1st January) andr&thome waters.
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Under the terms of the directive, every 6 years bramstates are obliged to submit a
report detailing the conservation status of thalm®n stocks. The first such report
was submitted in 2007 to the Commission (as pahtethnds reporting requirements
under Article 17 of the European Councils Directigad states that

“The salmon population in Ireland has declined B#4ain recent years and although
salmon still occur in 148 Irish rivers, only 43 tfese have healthy populations”.
(Anon. 2008)

Factors leading to this decline are described sgateduce marine survival (probably
as a result of climate change), poor river wataligu(resulting from factors such as
inadequate sewage treatment, agricultural enrichmacidification, erosion and
siltation), forestry related pressures and oveirfigh Concerns related to factors
causing mortality at sea, such as diseases, pgamid marine pollution are noted.
Although the range where salmon were to be found wlassified as good, the
population size was considered bad, habitat caditias considered poor with future
prospects also considered poor. The overall claasiin for the Atlantic salmon in
Ireland was therefore “Bad”.

Member States will be obliged to take measuresngume that the exploitation of
salmon stocks is compatible with their being mairgd at a favourable conservation
status. Such measures may include:
temporary or local prohibition of the taking of man in the wild and
exploitation of certain populations,
regulation of the periods and/or methods of talgalgnon,
application, when salmon are taken, of hunting fsiting rules which take
account of the conservation of such populations,
establishment of a system of licences for takingea or of quotas,
regulation of the purchase, sale, offering for sléeping for sale or transport
for sale of salmon.

Conservation Limits and Scientific Advice

It is clear from the Government’s strategy that ¢baservationof salmon stocks is
the primary consideration and that it wishes touemshat national and international
obligations are being met. However, in order tovpte advice on conservation, it is
necessary to establish a conservation “referenicg”my “Conservation Limit” which
can be measured and used to assess the statosks. sThe following concepts were
used by the SSC when considering a Conservatioiit komIrish salmon stocks and
for use in the provision of precautionary catchieglv

The Salmon Management Task ForcéAnon., 1996) provided the following advice
regarding conservation of stocks:
Salmon Management will be based on the premisetkigaie is a definable
number of spawners for a given river
Sustainable exploitation can take place if thereaisurplus of fish over
spawning requirements

The Task Force proposed the application of a TAltalwable Catch (TAC) to allow
sufficient fish to spawn to meet these “spawningureements”.
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In 1998, theNorth Atlantic Salmon Conservation Organisation (NASCO, 1998)
adopted the precautionary approach to fisheriesagement (as outlined in FAO,
1995, 1996). Central to this was agreement thatagement measures should be
aimed at maintaining all salmon stocks in the NASC@nhvention Area above pre-
agreed Conservation Limits. The Conservation Lifoit Atlantic salmon is defined
by NASCO as:

“the spawning stock level that produces long termerage maximum sustainable
yield as derived from the adult to adult stock aacruitment relationship”.

Both the Salmon Management Task Force and NASCQrides a biological
reference point, which can be used to assess nfiogalstocks are reproducing in
sufficient quantities to generate the next genenatif salmon. Salmon home to their
natal river to spawn and as the number of spawiishgncreases, then the number of
juveniles increases and also the number of miggamolts increases. This generally
means that the number of adults returning in tHeVong year as 1 sea-winter
salmon (or grilse) or in subsequent years as rsaHiwinter salmon (2 sea-winter, 3
sea-winteretc) also increases. These older and larger fish lyswaturn in the
springtime and are often referred to as spring salm

However, there is a limit to the number of juversEmon any river can support due
to competition for food and space. The additiomafre spawning salmon can reach
a point where they are not contributing to addaioproduction of juveniles. In this
regard, there is a surplus of spawning fish anddlwan be harvested in a sustainable
manner. As each river holds a unique spawning latipn, which has evolved to
survive best in that rivers environment, and thetdtle straying of salmon from one
river to another, a Conservation Limit (CL) of timember of spawning salmon
appropriate for each individual river can be cadted.

As both the Salmon Management Task Force advicettandNASCO definition are

compatible, the reference point chosen by the $S£3tablish the status of individual
or district stocks is the maximum sustainable yietdMSY as described by ICES
(2005).

This point can be clearly identified from Stock edrRuitment curves, which are used
extensively in fisheries science and fisheries rgameent. ICES in particular has
stressed that this islamit Reference Pointi.e. it sets a boundary that defines safe
biological limits within which the stocks can pradu a long term maximum
sustainable yield. It therefore delimits the caaists within which the management
strategy must operate to maintain a sustainabl@ures. Individual salmon stocks
may well exceed this limit but should not be allowte fall below the Conservation
Limit (ICES 2005).

Ideally river specific stock and recruitment anaysould be the most accurate way
to determine river specific Conservation Limits ¢@er et al., 2004). However, the
acquisition of these relationships are resourcensive as they require a long time
scale to cover many generations and a wide rangesta¢k levels. Typical
relationships are based on 20 to 30 years of stockrecruitment data. It will, for
the foreseeable future, be necessary to transdatfO@m data-rich rivers to data-
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poor rivers (Prévoset al, 2004). To this end a Bayesian hierarchical riode
framework has been developed to transport stock mduitment information
between rivers and to set Conservation Limits alingty (Crozieret al., 2004, O
Maoiléidighet al.,2004).

Establishment of Conservation Limits for all Irish salmon rivers.

The principal development of these statistical megphes was developed within the
context of the EU funded concerted action SALMODLco-ordinated approach to
the development of a scientific basis for manageneénvild salmon in the North-
East Atlantic).

The Bayesian analysis of this hierarchical modsl i@en developed from a set of 13
stock and recruitment data series from monitoreldn@a rivers located in the
Northeast Atlantic. The model yields a set of prel stock and recruitment
parameters for new rivers, provided informatioravailable on the size of the river
(in this case usable habitat or wetted area is)umed on the rivers latitude. Details
of the model specification and its Bayesian treatimae given in Prevost al,
(2003) and their application to Irish rivers in Catlleidighet al, 2004. The wetted
area is computed from statistically combined patarsethe length of upstream river,
upstream catchment area, stream order, and loadiegt interpolated from aerial
photography within a GIS platform (McGinnigt al.,2003). The latitude value used
is the river catchment area mid-point. A desoniptof the Bayesian Hierarchical
Stock and Recruitment Analysis is given in Appenidlix

Defining Mixed Stock Fisheries and Catch Advice

The migratory behaviour of the Atlantic salmon gr@s many opportunities for their
interception, and a wide range of fisheries haveeliped, operating in rivers,
estuaries, coastal waters and the open ocean.eWidte is no agreed definition of
mixed stock fisheries for salmon, two recent défimis are given below.

1. From Potter and O Maoiléidigh (2006)

“...MSFs might be defined as any fisheries operatgside estuary limits. The
majority of fisheries operating outside river egiea are known to take salmon from
more than one river stock, while within estuaryitgnit is unusual (where data are
available) for fisheries not to be taking predomitig fish from a single river. This
conforms to ICES (2005) advice which states tisduefiies in estuaries and rivers are
more likely to fulfil the requirement of targetistpcks that have been shown to be
within precautionary limits”.

2. From NASCO 1998
The North Atlantic Salmon Conservation OrganisafiNhSCO) has defined mixed
stock fishing as:

“any fishery exploiting a significant number of san from two or more river
stocks”.

Any definition should be related to the primaryhigsy management objective, which
is to maintain river stocks within precautionamilis.
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In 2006, the Standing Scientific Committee (Ano0®0@) provided the following
advice to the National Salmon Commission:
The overall exploitation in most districts should imnmediately reduced, so
that Conservation Limits can be consistently met.
Furthermore, due to the different status of indiraldstocks within the stock
complex, mixed stock fisheries present particutaedts to the status of these
individual stocks.
Thus, the most precautionary way to meet nationdliaternational objectives
is to operate fisheries on river stocks that amwshto be within precautionary
limits i.e. those stocks which are exceeding their Consenvaiimits.
Fisheries operated in estuaries and rivers are rhikety to fulfil these
requirements.

The Irish Government committed to aligning with estific advice in 2007 and
essentially closed the Irish mixed stock salmomeig (principally drift nets and
some coastal draft nets), thus implementing NASGO® IEES recommendations and
complying with the Habitats Directive. = The Gowment also recognised that
compliance with scientific advice from 2007 onwandsuld mean hardship for
commercial fishermen and vulnerable coastal comtiasni Accordingly, the
Government appointed an Independent Group to exaraihthe implications of
aligning with scientific advice for commercial fistmen salmon fishing. The
Independent Group reported to the Minister in Oeta®007 and a hardship scheme
was introduced for the fishermen affected by thev&Boment decision to move
towards single stock salmon fishing only.

Assessment Methodology for 2008 Catch Advice

There was no change to the methodology used tadematch advice in 2008. A
summary of the approach is shown below in Figurelrithe absence of a drift net
fishery (or any other net fishery) at sea, in-riveeasures of abundance have been
used {.e. fish counter data and rod catch data) to providerimary measure of
spawning stocks and attainment of Conservation tisimi

With the operation of fisheries restricted to estsg and rivers from 2007, the
assessment is now focussed primarily on estimatdgidual river returns from
catch data, counter data (if available) and rangfesod catch exploitation rates
derived from observed values in Irish rivers inemgcyears.

For the 2007 catch advice it was necessary to geoan estimate of the likely extra
return of salmon to each river in the absence aframercial fishery at sea. This was
based on the catch by this sector in 2006. No sdgiistment is required in 2008 as
the 2007 catch statistics and counts will reflegt encrease due to the closure of the
mixed stock fishery. Therefore, the process legtinthe estimation of Conservation
Limits remains unchanged as does the assessmemhether the individual river
stock is above or below its Conservation Limit.m&re comprehensive description of
the data used and the assessment in 2008 is pdavidiee relevant section below.
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The Scientific Process for 08
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Figure 1. The Scientific Process for 2008 catch advice.

Information and data

Every effort is made to obtain relevant data anaditoo the performance of stocks
(attainment of Conservation Limits) at the rivevdeand consequently to assess the
status of individual riverine stocks. Several sesrof information are used in this
process and the actual data inputs used in thh editce models and risk assessment
are shown in Appendix VI.

Commercial catch data The catch statistics derived from the estuarinereruial
fisheries (principally draft nets, snap nets, heaits, bag nets and loop nets) remain
an important source of quantitative information rtigalarly in determining the
overall size of the returning stock and the attantmof river Conservation Limits.
Following implementation of the wild salmon and geaut tagging scheme which
commenced in 2001 (O Maoileidigit al., 2001; Anon 2004), the catch data are
derived from the logbook returns of commercial éishen.

Rod catch data The reported rod catch from the wild salmon andtsmat tagging
scheme (Anon. 2003 to 2007) is adjusted to takeantount the numbers of fish that
have been caught by anglers who have not retutmsd lbgbook. The adjustment
follows Small (1991). In some instances, direcdgorted rod catches from Regional
Fisheries Board (RFB) officers or rod catch datmfrmanaged fisheries records
(provided these have been vouched for by RFB af)deave also been used.
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Total traps and countersData are available from several counters (see Dedma
salmon traps including the national and internati@almon research and monitoring
facility on the Burrishoole River in Mayo, whichquides a direct measure of the
total adult returns and smolt migrations annuall@imilarly, data from an adult
salmon trap on the River Screebe (Connemara) soeaahilable.

In addition to direct counts from these traps, ¢odata are available for 15 fish
counters for a number of years. These are:

Dee (Dundalk), Boyne (Drogheda), Liffey (Dublin)artey (Wexford), Blackwater
(Lismore), Bandon (Cork), Blackwater (Kerry), Wai#e/Currane (Kerry), Feale
(Limerick), Casla (Connemara), Erriff (BallinakillBallysadare (Sligo), Eske, Eany
(Ballyshannon) and Clady (Letterkenny).

Count data in recent years were also made availablehe Mulkear (Shannon),
Ballinahinch (Connemara), and Corrib (Galway) by tblevant Fisheries Boards.

The following approach has been adopted in inténehe count data and utilising

these to measure the attainment of Conservatioft:Lim
It is assumed that all of the downstream count®upe end of May represent
out-migrating kelts.e. fish ascending the river in the previous year.
The downstream count from June to December is Hudrtracted from the
upstream count in the same period, correcting i&r €ounted upstream but
which may then come back downstream.
The ratio of salmon to sea trout, obtained durimtp® analysis (resistivity
counters) or image analysis (infra-red countersapplied to fish observed
over the entire run in order to determine the nunatbealmon in the run.
The Cork Blackwater counts are raised by a factoiwo to allow for the
partial nature of these counts. It is acknowleddledt this may be an
underestimate but until other verification is ob&a, provides at least a
minimum count.
For those counters where the possibility of fishvmg over the weir has been
reported ¢.g.Bandon), the recorded count is raised by a furtfés.
In those situations where the majority of the radch is made above the
counter, the rod catch is subtracted from thedwmimter record.
In the case of the River Slaney where the propomiospring salmon to grilse
is much higher than most other rivers in Irelandspecific analysis was
carried out which allows the specific numbers ofsgrand spring salmon to
be allocated over the season with greater precigltan in previous
assessments. In this instance, River Slaney rath ckatta (2002 to 2006) from
the salmon carcass tag and logbook scheme, draftateh data (2006) and
video counter verification data were analysed tdemheine the monthly
proportions of grilse and salmon and the total ahnwn apportioned
accordingly and compared to the 1SW and MSW Coaserv Limits.

National Coded Wire Tagging and Tag Recoverfjhe programme was initiated in
1980 to estimate marine survival of Irish salmatks and exploitation rates by high
seas fisheries, and home water commercial andatanal fisheries (Browne, 1982).
Despite the closure of the mixed stock fisheries2007, information from this

programme will continue to inform on marine survVivaes and exploitation in some
estuarine and rod fisheries. A 1 mm long magedtigg, etched with a specific
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batch code is injected into the nose cartilagereénile fish, usually pre-smolts. The
code identifies the origin and release conditiohany fish subsequently recaptured.
The adipose fin is removed to facilitate the idigcdtion of these fish in the recovery
programmes. Tagging has taken place using 10 hatshecks and between 1 and 3
wild salmon stocks. Since 1980, up to 200,00&ea representing over 50% of the
national catch in some years, have been indiviguatamined each year to identify
coded wire tagged salmon and recover these tag2007, approximately 3,000
salmon were examined in estuarine or in-river concrak catches and recreational
fisheries with over 300 tags recovered. Due tacthsure of the mixed stock fisheries
significantly more tags were recovered from broodstcollections in rivers where
hatchery fish had been tagged in the previous y&ars provides invaluable
information on marine survival and exploitationgegafor these tagged stocks which
can be applied more generally to other rivers systevhere these data are not
available.

Other data- Information on juvenile abundance indices deriviehT electro-fishing
surveys carried out annually are examined as agaite of stock abundance and this
method was applied in conjunction with other intlica in 2007 for the 2008 advice
A summary of these surveys is provided in Appendi¥ .

Water Quality AssessmenrtThe Environmental Protection Agency (EPA) carrias o
a triennial survey of the biological elements otevaquality at over 3,300 monitoring
stations on main river channels. These surveyv@arbiological quality rating or ‘Q
value’ of waters at each monitoring station. Recatlies carried out by the Central
Fisheries Board (T. Chammers comm) correlating the presence or absence of
individual fish species to water quality (Q valuesjicate that there is a relationship
between juvenile salmon distribution and water iypalA GIS database was
developed to link river habitat with water qualdgta provided in the Environmental
Protection Agency’s (EPA) ‘Biological River Monitog Programme’. A custom
GIS automated function determines the Q value farheriver by a geographical
cross-reference to the corresponding element inwthier quality database. Water
guality statistics are taken directly from McGinnét al. (2003) and are included in
Appendix VI (Supporting Information). These datwé been updated where possible
using data available from the Environmental Prad@cAgency.

Status of individual rivers relative to Conservatid.imits

In 2006, the SSC (Anon. 2006) advised that the best to meet national and
international objectives of conserving salmon ssoickall salmon rivers was to allow
fisheries only in estuaries and rivers where thee a greater probability of targeting
only the stocks originating from these river®.(single stock fisheries). The SSC
also advised that fisheries should take place onlystocks that were shown to be
meeting their Conservation Limit with the catchtresed to the estimated surplus
above Conservation Limit.

The main objective of the SSC advice therefordo isnsure that there are sufficient
spawning salmon remaining after commercial andegg@nal fisheries to meet the
required Conservation Limit for that river. In erdo do this, the number of salmon
which will be available before the fishery takeaqd must be “forecast” for each river
annually, based on the average returns in recems yasually the most recent 5 years
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provided sufficient information is available). Theformation required for this
forecast is:

Total returns = Total reported catch + Total spawse

Estimating the total catch using catch data

As stated previously the catch data for drift ndtaft nets, other commercial engines
(snap nets, bag netsc) and rods, derive from mandatory fishing logbookgrom
vouched information supplied by the Regional FisdseBoards directly. The forecast
model requires the inclusion of the fish takenawteriver in the mixed stock fisheries
up to 2006. The total drift net catch in 2006 isdign the forecast as this was the last
year where a catch quota was allocated and theflila was not taken. The catch
figure excludes hatchery origin salmon, which dé cantribute significantly to the
spawning stocks.

Although the contribution of all individual rivetacks to the drift net fishery is not
known, the National Coded Wire Tagging Programmaviples information on the
contribution of several river specific stocks te tiet fisheries in each district fishery.
Therefore a tentative allocation of the proportdithe total drift net catch originating
from each district can be made based on tag retfrmm 2001 to 2005.
Subsequently, the number of fish to be allocatedach river from the drift nets is
estimated based on the relative proportions ofetenated spawning stocks in each
individual river (see below).

For the purposes of analysis, any river with a catth of less than 10 salmon on
average is assumed to be meeting only 33% of its€wation Limit.

Estimating the spawning stock using rod exploitatates

These exploitation rates derive from observed etgilon rate values from fish
counters or traps on Irish rivers and supportednfgrmation from the scientific
literature. Exploitation by angling on grilse dtecvaries but is generally between
10% and 30% of the total river stock available (Milet al, 2001). These authors
guote mean values of 19% for UK rivers, while eador specific Irish grilse (1SW
salmon) fisheries have been estimated for the Riveff at 19% between 1986 and
2000 (Gargaret al, 2001), and 15% for the Burrishoole between 1970 2000
(Whelanet al, 2001). However, for the 2008 forecast model, 38 have evaluated
all existing information on individual rod fishesiemade available by Regional
Fisheries Boards including field observations shéries which have known high or
low intensity, to derive more precise estimatesheflikely rod exploitation rate on a
river by river basis. Estimates of angling ex@tdn on multi-sea winter stocks are
generally higher than those reported for grilsdd®on and Potter 1992) and this has
also been observed from Irish fish counter data.

This assessment is best applied where there issistent level of fishing activity in
the river system. For many small rivers this widt toe the case and this assessment
approach is not used for rivers where the averagerted rod catch for the most
recent 5 year period is 10 or less. In this instam fixed value of 33% attainment of
the Conservation Limit is applied as there is argjr case to have these more
vulnerable stocks protected until specific inforioat on stock status is made
available to the SSC.
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Provided the catch in a river is known, the totabck can be estimated by
extrapolation using an appropriate exploitatioe iatthe fisherye.g:

If the rod catch of salmon was 150 fish and thdatgtion rate in the fishery
was 10%, then the total stock of salmon availablgenerate this catch would
be estimated as the catch raised by the exploiatte:

Catch / Exploitation rate * 100
In this case 150/ 10 * 100 = 1,500 salmon.

Estimating the spawning stock remaining after theery has taken place is obtained
by subtracting the catch from the total stock aldé

i.e. 1,500 - 150 = 1,350 salmon remaining for speagn

For most rivers, the specific exploitation rates aot known and therefore a range of
values is applied within which the true value ipested to be. Further, as there is
now specific rod exploitation data for 15 Irishare with fish counters, it has been
possible to allocate all rivers into specific greuppresenting heavily fished to lightly
fished rivers. This restricts the overall rangevalues being used to a more likely
range rather than applying the entire range ofesahbserved as previously.

While these exploitation rate ranges are beliewefrovide a reasonable estimate of
the likely number of spawning salmon, a furthepstetaken by applying a forecast
model (Monte Carlo simulation) to forecast a singadue for the total stock available

and a catch option which will provide at least a&o/ghance of meeting the

Conservation Limit if harvested.

A brief explanation of the risk analysis and an exaple of the data used for the
model is provided in Appendix IV for the Dundalk District.

Provision of Harvest Guidelines

Once estimates of average spawners, average eatghrjver specific Conservation
Limit have been derived, harvest options are pmewidlong with the associated
probability of meeting the Conservation Limit atrieas options (example in
Appendix 1IV). Where estimates were available fothba counter (or trap) and a rod
catch, the values for the counter only are used.

Following the procedure used by ICES for the priovisof catch advice for West

Greenland, the harvest option that provides a Prébability level (or 75% chance)

of meeting the Conservation Limit in a given riverecommended. Where there is
no harvest option which will provide a 75% chandenteeting the Conservation

Limit, then there is no surplus of fish to suppartharvest (commercial or rod).

Examples of the risk outputs and application of hlaevest guidelines are shown in
Appendix IV. It should be noted that as the hatvacreases, the probability or
chance of meeting the required Conservation Limdreases.
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The analysis also allows for the derivation of avhatable surplus where all rivers
entering an estuary are exceeding the Conservalionit (i.e. a common
embayment). However, in order to ensure a 75% gimiity of exceeding the
Conservation Limit simultaneously in all of the ¢louting rivers, more salmon must
be allowed to escape the fisheries to spawn anéftire the harvestable surplus for
the combined fisheries will be less than the sursepfarate harvestable surpluses for
each individual river.

In a number of rivers the Conservation Limit wid bchieved by the contributions of
both 1SW (grilse) and MSW (spring fish). Thereanservation of biodiversity and
fisheries development value in identifying and pobing both life history types. It is
important for the fishery manager to be able toedwine how much of the
Conservation Limit is likely to be met by either MSor 1SW fish and to regulate
fisheries for both components separately.

Provided there are no stock specific data availabléhe returns of each age class and
run timing, this analysis can also be run for 2SWd dSW fish separately by
assuming:
. all fish counted or caught before®8Way are spring fish,

rod exploitation rates for spring salmon are higher

20% of draft net catch is allocated as spring ishthese nets operate from

May 12",

none of the drift net catch foregone will contribwd spring fish counts.

Overview of Status of Stocks and Precautionary Calt
Advice for 2008

The Irish salmon stock is made up of a large nundfediscrete river specific
populations. Therefore information on a river bxer basis is provided in Appendix
VI.

Information is available for 151 salmon riversiialand. Of these:
18 rivers have counter data (includes ESB rivers),
2 rivers have trap data,
62 rivers are without a counter or trap but haveaaerage rod catch of 10
salmon or more,
69 rivers are with a rod catch average of less fitasalmon.

Scientific advice is provided in the context of riieg both National and International
obligations and assuming that all fishing will tagkace in estuaries or rivers. The
only situation where these obligations can be reawlere fisheries take place on
stocks that are exceeding Conservation Limits, withcatch being limited to or less
than the number of fish in excess of these Conservaimits. Given the low level
of stock generally and particularly on the eass&aboard, it is not currently possible
to manage some existing estuarine fisheries cantamixed stocksd.g. Waterford
estuary, Youghal) such that only those stocks mgétieir Conservation Limits will
be caught and that only the number of fish in exadsthe Conservation Limits for
these stocks will be harvested. Where an estuéishery can take place the surplus
must be calculated on the 75% probability thatia#trs contributing to this estuarine
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fishery will meet their Conservation Limit simul@wously. This requires a higher
combined Conservation Limit than the sum of theivitdial river Conservation

Limits and consequently a lower combined surplientthe sum of the individual
rivers surpluses.

In summary:

There are 53 rivers which have an identifiable kigrpver the Conservation Limit
(Table 1) and a harvest fishery can proceed in 200&ddition, there are 13 rivers
where there is a surplus over the 2SW Conservaiimit and therefore a harvest of
spring salmon is possible (Table 2).

There are 25 rivers which do not have an identiéaurplus over the Conservation
Limit (Table 3). In addition there are three 2SW'spring salmon” stocks which are
also failing to meet Conservation Limits. In timstance, there are no harvest options
available which will allow a 75% chance that then€ervation Limit will be met and
no harvest fisheries should take place on thessrsiv The status of these stocks
relative to the Conservation Limits are also showi.should be noted that the
National Fisheries Management Executive (NMFE) espnting the 7 Regional
Fisheries Boards and the Central Fisheries Boave haplied a 65% attainment of
Conservation Limit as a cut-off above which theygder that catch and release
angling fishing could be allowed.

Table 3 also indicates a further 69 small rivershwio counter or an average rod
catch of less than 10 salmon per annum (Tabldt4hould be noted that the total rod
catch associated with these smaller rivers annuslbetween 79 and 124 salmon, a
very small fraction of the estimated total rod bateported €.g. estimated rod catch
in 2005 was 22,361 salmon). Currently in the absesf any specific information on
spawning stocks it is assumed that these rivere waty meeting 33% of their
Conservation Limits. A tentative indication of tlstatus of these stocks in the
absence of the mixed stock fishery is shown. Gitrensmall stock sizes in these
rivers and the requirement under the EU Habitatediive to protect all salmon
stocks general advice is that there should be meebafishery on these stocks until
other information is made available to indicatet ttheese rivers are exceeding their
Conservation Limits.

There are 4 major rivers with hydro-electric getiata stations where significant
numbers of hatchery fish are being released t@atgéiagainst the loss of wild salmon
i.e. the Liffey, Lee, Shannon and Erne (Table 5). Thasas are significantly below
their Conservation Limits and following the scidictiadvice already provided for
other rivers, there should be no harvest fishetewild salmon in these. However, it
is also recognised that the release of so manyhéateeared salmon has resulted in
fishery opportunities within these rivers for thestecks. The Standing Scientific
Committee has met with the DCENR and its agenétegipnal Fisheries and Central
Fisheries Boards, the Marine Institute, BIM,) adlae the Dept. of the Environment
(NPWS) and ESB to review the objectives behinddhestichery programmes. In the
main, the consensus view is that the primary objecif the hatchery programmes is
to re-establish self-sustaining salmon populationghese rivers (which has not to
date been achieved). In this regard, issues mgladi the suitability of hatchery reared
stocks for rebuilding wild stocks need to be adskdsand the possible negative
effects of allowing hatchery fish to interbreedtwibe small remaining populations of
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wild or at least established salmon populationshiese rivers also needs to be
considered.

The Standing Scientific Committee advises that:
Harvest of salmon should only be allowed in rivetsere there is a surplus
above the Conservation Limit identified and thatmore than this surplus
should be harvestac. those rivers detailed in Table 1 and 2.
Where a surplus is available for all rivers in anbayment, an estuarine
fishery can proceed but the surplus must be basetdeo75% probability that
all of the rivers contributing will meet and excetnir Conservation Limit
simultaneously.e. Killary Harbour (Ballinakill), the estuary of thev@nmore
and the Owenduff rivers (Bangor), Table 1. No ott@mmon embayments
have been considered at this stage by the SSQ bgisause one or all of the
contributing rivers are failing to meet Conservatibimits or the potential
mixed stock fishery would pose a threat to theirattant of Conservation
Limits either now or in the future.
Harvest fisheries should not take place in riveithout an identifiable surplus
above the Conservation Limiie. those rivers identified in Table 3 and Table
4 and further efforts should be made to rebuilgéhstocks.
No harvest fisheries should take place in thosersiwhere the average rod
catch has been less than 10 salmon annually wnth $me as additional
information becomes available to assess the stdttisese stocks relative to
their Conservation Limits.
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Table 1L Rivers above Conservation Limits. (Total Retji@onservation Limits and
Estimated Surplus above the required Conservationit for 1SW and MSW stocks
combined unless otherwise indicated (*) in whicktamce estimates are for 1SW
stocks only).

Estimated Estimated

District River 2008 Returns | CL SMSY Surplus 2008

Dundalk Castletown 239 197 42
Dundalk Fane a7 543 214
YWexford Slaney (counter) * 1,314 824 490
Lisrmaore Blackwater (counter) * 18,785 11 503 7283
Cork Owennacurra B0V 179 428
Cork Lower Lee [Cork) 3,393 1,184 2,208
Cork Bandon {counter) ® 2,781 15580 1,196
Cark Argideen 454 39 93
Cark llen 1,395 1,014 331
Cork Mealagh 284 a5 195
Cark Chwpvane 467 401 BE
Cork Coomhola 430 306 174
Cork Glengarriff 304 229 75
Cork Adrigole 192 164 24
Kerry Kealincha 143 124 19
Kerry Lough Fada 105 91 14
Kerry Sheen /a7 600 157
Kerry Roughty 1917 1,245 B72
Kerry Blackwater (counter) 1,158 535 621
Kerry Sneem 965 371 534
Kerry YWatervlle {counter) * 2029 279 555
Kerry Caragh ™ 1,300 297 1,034
Kerry Laune * 0,266 1,840 6426
Kerry Chwenmare 211 102 103
Shannan Feale (counter) * g 8a7 1641 3283
Shannon Mulkear (counter) g.411 G284 2127
Galway Cartib (counter) * 9 505 7 589 2315
Connemara Cashla (counter) 1,335 349 300
Connemara Screebe (trap) 370 155 215
Connemara Ballynahinch (caunter) 2516 1,088 1427
Ballinakill Crwrenglin 719 372 347
Eallinakill Dawros 1,080 32 495
Ballinakill Culfin 239 144 94
Ballinakill Erriff (counter) 3R45 1,300 2346
Ballinakill Bundorragha * 763 120 360
Ballinakill Common Embayment Killary 4 160 1,700 2480
Bangoar Mewpart R, (Lough Beltra) 633 319 319
Bangor Srahmaore (Trap) 804 615 185
Bangor Crwenduff (Glenamong) * 15974 837 1437
Bangor Owenrnoreffduinhin (counter) * 5048 2136 2912
Ballina May * 37,228 15,786 21 442
Ballina Easky 2530 1,297 1,333
Sligo Ballysadare (counter) 5,124 5,095 1,027
Sligo Garvogue (Bonnet) 1,346 1,045 295
Sliga Drurncliff 628 474 154
Ballyshannaon Duff 1655 1,182 473
Ballyshannon Drowwes 4111 704 3406
Ballyshannon  |Eany (counter) 3N 1,740 1,386
Ballyshannon Glen 1,274 Q57 316
Letterkenny Oweenea 3506 1,713 1,794
Letterkenny Gweeharra * 1,193 445 749
Letterkenny Gweedaore (Crolly R.) 819 325 434
Letterkenny Clady atare) 515 174
Letterkenny Tullaghobegly 347 226 121
Letterkenny Crana 1,731 1,119 GE11
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Table 2. MSW rivers above Conservation Limits.

(Total &es, Conservation

Limits and Estimated Surplus above the requireds€oration Limit for MSW stocks

only).
Multi-sea winter or ''Spring salmon"
Estimated

Total Estimated
District River Returns CL Surplus 08
Lismaore Blackwater (counter) 1504 1000 504
Cork Bandon (coLunter) 200 275 25
Kerry Wy aterville (counter) 423 57 114
Kerry Caragh 220 234 87
Kerry Laune 1554 715 839
Shannon Feale counter 2002 03 1298
Galway Corrib counter 1212 843 369
Ballinakill Bundorragha (Wild Rod) 188 42 146
Bangor Owrenduff (Glenamong) 542 389 153
Bangor Owrenmore/Muinhin counter 1509 275 550
Ballina Moy 3310 1188 2122
Ballyshannon Drowes T4 302 439
Letterkenny Gweebarra 218 118 100
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Table 3. Rivers below Conservation Limits. (The curretdtss of rivers below
Conservation Limits ranked by the % CL attainmehtcludes information on 2SW
or “spring salmon” where indicatedBold italic indicates rivers where a full
assessment was possible based upon rod catclefgitean an annual average of 10
salmon) or counter data. For rivers with a roctlcatf 10 or fewer salmon per annum
the status should be considered as provisionalsainalsed on the forecasted returns in
the absence of the mixed stock fishery in 2007.

District River CL % of CL
Connemara L.Na Furnace 66 100
Kerry Inney 649 99
Letterkenny Ray 433 97
Sligo 2SW Garvogue (Bonnet) 957 93
Ballyshannon Eske Counter 823 89
Letterkenny Bracky 305 85
Waterford Colligan 338 84
Kerry Behy 142 83
Kerry Ferta 197 83
Waterford Nore 11958 81
Kerry Carhan 93 81
Ballinakill Carrownisky 365 79
Waterford Suir 14752 79
Ballyshannon Owenwee (Yellow R) 184 77
Wexford 2SW Slaney (counter) 1827 74
Ballyshannon Oily 549 72
Ballinakill Owenwee (Belclare) 378 70
Kerry Croanshagh 301 70
Bangor Glenamoy 630 69
Sligo Grange 356 68
Ballinakill Bunowen 619 68
Bangor 2SW Newport R. (Lough Beltra) 319 67
Drogheda Boyne 13831 67
Ballyshannon Ballintra (Murvagh R). 407 64
Kerry Owenascaul 193 63
Letterkenny Owenamarve 160 61
Kerry Cloonee 75 61
Letterkenny Lackagh 1083 61
Kerry Feohanagh 157 61
Kerry Finnihy 141 61
Kerry Lee 586 61
Kerry Owenreagh 106 61
Kerry Emlaghmore 73 61
Kerry Cottoners 166 61
Kerry Milltown 83 61
Kerry Emlagh 130 61
Galway Kilcolgan 1682 60
Letterkenny Swilly 1083 59
Letterkenny Glenagannon 355 59
Letterkenny Glenna 207 59
Letterkenny Mill 272 58
Letterkenny Owentocker 519 58
Letterkenny Isle (Burn) 510 58
Letterkenny Straid 196 58
Letterkenny Donagh 418 58
Letterkenny Clonmany 465 58
Letterkenny Culoort 223 58
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Table 3 cont'd. Rivers below Conservation Limits. (The curretdtss of rivers
below Conservation Limits ranked by the % CL attaémt. Includes information on
2SW or “spring salmon” where indicateBold italic indicates rivers where a full
assessment was possible based upon rod catclefgitean an annual average of 10
salmon) or counter data. For rivers with a roctlcatf 10 or fewer salmon per annum
the status should be considered as provisionalsaina@sed on the forecasted returns in
the absence of the mixed stock fishery in 2007.

District River CL % of CL
Dublin Vartry 189 58
Galway Aille (Galway) 76 57
Ballyshannon  |Bungosteen 418 57
Galway Clarinbridge 63 56
Galway Owenboliska R (Spiddal) 550 56
Galway Knock 123 56
Ballyshannon  |Abbey 276 56
Ballyshannon Laghy 479 56
Bangor Muingnabo 351 54
Bangor Owengarve R. 194 54
Shannon Doonbeg 426 53
Shannon Annageeragh 302 53
Shannon Owenagarney 814 52
Shannon Skivaleen 372 52
Shannon Deel 2462 52
Shannon Brick 800 52
Shannon Galey 1049 52
Shannon Aughyvackeen 226 52
Kerry Maine 1487 50
Wexford Owenavorragh 810 49
Wexford Avoca 2959 49
Dundalk Flurry 123 46
Kerry Owenshagh 324 45
Waterford Mahon 442 44
Waterford Owenduff 201 44
Waterford Tay 278 44
Waterford Corock R 734 43
Waterford Lingaun 353 43
Waterford Clodiagh 666 43
Waterford Pollmounty 93 43
Waterford Barrow 12026 42
Lismore Finisk 456 42
Lismore Glenshelane 145 41
Lismore Womanagh 293 41
Lismore Tourig 90 41
Lismore Lickey 115 41
Ballina Cloonaghmore (Palmerstown) 1261 40
Ballina Ballinglen 396 38
Ballina Brusna 1113 38
Ballina Leaffony 218 38
Dublin Dargle 639 38
Dublin Liffey 4391 33
Lismore Bride 1379 32
Shannon Fergus 2391 29
Letterkenny Leannan 3619 28
Dundalk Glyde 2172 27
Shannon Maigue 3907 16
Dundalk Dee 2410 12
Shannon Inagh 1033 10
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Table 4. Small rivers with less than 10 salmon caughtgmum on average (period
2001 to 2005).

Average Harvest Rod

River Name District Catch Conservation Limit
Flurry Dundalk <1 123
Vartry Dublin <l 189
Avoca Wexford 1 2959
Owenavorragh Wexford <1 810
Corock R Waterford <1 734
Owenduff Waterford 2 201
Pollmounty Waterford <1 93
Lingaun Waterford <1 353
Clodiagh Waterford <1 666
Mahon Waterford 1 442
Tay Waterford 1 278
Lickey Lismore <1 115
Finisk Lismore <1 456
Glenshelane Lismore <1 145
Tourig Lismore <1 90
Womanagh Lismore <1 293
Argideen Cork 6 391
Owvane Cork 8 401
Adrigole Cork <l 169
Kealincha Kerry <1l 124
Lough Fada Kerry <1 91
Owenshagh Kerry 7 324
Cloonee Kerry <1 75
Finnihy Kerry <1 141
Owenreagh Kerry <1 106
Emlaghmore Kerry <1 73
Carhan Kerry <1 93
Ferta Kerry 3 197
Behy Kerry 1 142
Cottoners Kerry <1 166
Emlagh Kerry <1 130
Owenascaul Kerry 3 193
Milltown Kerry <1 83
Feohanagh Kerry 1 157
Lee Kerry <1 586
Brick Limerick <1 800
Galey Limerick <1 1049
Deel Limerick <1 2462
Owenagarney Limerick <1 814
Doonbeg Limerick 4 426
Skivaleen Limerick <1 372
Annageeragh Limerick 2 302
Inagh Limerick 4 1033
Aughyvackeen Limerick <1 226
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Table 4 cont'd. Small rivers with less than 10 salmon caughtggegrum on average
(period 2001 to 2005).

Average Harvest Rod
River Name District Catch Conservation Limit
Aille (Galway) Galway 1 76
Kilcolgan Galway 3 1682
Clarinbridge Galway <1 63
Knock Galway <1l 123
Owenboliska R (Spidda Galway 1 550
L.Na Furnace Connemara <1 66
Owengarve R. Bangor <1 194
Muingnabo Bangor <l 351
Ballinglen Ballina 1 396
Brusna Ballina <1 1113
Leaffony Ballina <1 218
Grange Sligo <l 356
Abbey Ballyshannon <1l 276
Ballintra (Murvagh R). Ballyshannon 2 407
Laghy Ballyshannon <1 479
Oily Ballyshannon 5 549
Bungosteen Ballyshannon 3 418
Owenwee (Yellow R) Ballyshannon <1l 184
Bracky Letterkenny <1 305
Owentocker Letterkenny 1 519
Owenamarve Letterkenny 6 160
Glenna Letterkenny 1 207
Swilly Letterkenny 7 1083
Isle (Burn) Letterkenny <1l 510
Mill Letterkenny <1l 272
Clonmany Letterkenny <1 465
Straid Letterkenny <1 196
Donagh Letterkenny <1l 418
Glenagannon Letterkenny 2 355
Culoort Letterkenny <1 223
| Approximate total 79 min to 124 max |
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Table 5 Rivers under management of the Electricity Sydgpbard. Counts are
average counts for the most recent 5 years with gkeeption of the Liffey
(Islandbridge) which is the most recent 4 years.

Wetted Area U/S
River Dams Total CL | SW CL PSW CL \verage Count
Shannon 30,895,619 49,524 45,909 3,729 707
Eme 6,457,264 16,554 15,345 1,247 1445
Liffey 2,308,361 4,391 4,062 329 1157
Lee 1,923,476 2,789 2,585 210 57
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Other Factors Affecting Rebuilding Programmes forrish Salmon
Stocks

Closure of marine mixed stock fisheries for salnam even complete closure of
some salmon rivers to harvest fisheries may notrenthat all rivers will meet or
exceed Conservation Limits in the short term. Tregeeseveral identifiable problems
mitigating against immediate recovery and this nigstaken into account for future
management over and above management of fishetresome instances, such as
climate changes leading to poorer marine survifabtmon, it may not be possible to
tackle the specific problems directly. Some ofsthepecific problems are outlined
below.

Marine Survival

Although there has been considerable fluctuatistimates of marine survival prior
to 1996 for wild stocks were generally higher coneplato more recent years with
survival rates in excess of 20%e(20 adult returns to the coast for every 100 smolts
migrating, Figure 2).
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Figure 2. Marine survival (from smolt release to returntibe coast) for wild and
hatchery salmon.

The current estimates suggest that less than 1@k afild smolts that go to sea from
Irish rivers are survivingi.g. less than 10 adults returning for every 100 smolts
migrating). Survival rates from hatchery fish argually lower than for wild fish.
The decline in hatchery salmon survival is beconmmaye apparent with recent years
values being among the lowest in the time series.

Marine survival is influenced by many factors (Fg8). While the main focus of

this report is on fisheries and fisheries effetht®re are real concerns relating to
factors causing mortality at sea such as preddijoiseals, diseases and parasites,
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marine pollutionetc. However, there is insufficient empirical infornmat to allow
anything other than general advice to be givenhesé at this stagee. the more the
effects each individual factor can be reduced tbeersalmon will return to our coasts
and rivers. Clearly more directed investigatioeedto be carried out on these other
factors.

Environment

Freshwater l
Influences

Pollution

Factors
affecting
salmon
survival

Fisheries »

Parasites anc
Diseases

By-catches—

<«— | Predation

Growth |7

Food Competition

Life History Responses

Figure 3. The factors which individually and synergistigalhffect the marine
survival of salmon and which cause significant gemto life history responses such
as population structure, fitness and size.

Water Quality

Nationally, the water quality in 82.7% of the halbitvailable for salmon production
is unpolluted, a further 12.8% is considered sligpblluted, the remaining 4.5% is
considered to be moderately or seriously polluRRecent studies carried out by the
Central Fisheries Board (T. Changers comn).suggest that salmon distribution and
productively are significantly impaired in both tbfe latter categories. The EPA has
recently updated the 2002 data to cover the penntb 2006. This new information
will be combined with information on salmon habigetd will be contained in future
reports.
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Conclusions

As the terms of reference of the National Salmonm@dssion now require
assessments for each ecosysteedach river), information for individual rivers.g.

fish counts, in-river catcletc) is required to form the basis of the catch ag\or
2008 and beyond. The available data used in tbgept assessment and catch advice
are shown in (Appendix VI) in this report.

Despite the recent reduced exploitation on stookb; 53 rivers from approximately
150 Irish salmon rivers are meeting biologicallysdé Conservation Limits. Marine
survival is presently the lowest it has been sithee National Coded Wire Tagging
Programme for Salmon commenced in 1980 and prolsatte the 1970’s based on a
longer time series of information available for tBerrishoole index site. There are
also indications from data sets going back furttiem 1970, that the 1970s and
1980’s were a period of unusually high abundancth viliigh marine survivals
(Boylan and Adams, 2006). Given the current leeélpoor survival, the expectation
of large catches is unrealistic at present andiprishould be given to conservation
rather than catch.

Requirements for future assessments

Depending on whether larger tributaries are inaude the catchments above the
hydro-dammed rivers are included, there are appratdly 150 rivers supporting a
salmon stock (or stocks) in Ireland. Of these &%ehaverage rod catches of less than
10 salmon (Table 4). As the combined rod catchalbrof these rivers together
averages less than 100 salmon in total (comparddetdNational rod catch of just
over 26,000 salmon in 2006) they must be considasedcharginal salmon fisheries
only. However, they are extremely important frombialogical and biodiversity
perspective and should be afforded the same pratees those rivers supporting
large fisheries. The SSC currently advise thatetlsbould be no harvest fisheries on
these stocks until their status can be ascertairfebhgress towards evaluating the
stock specific status of these rivers relativenmdttainment of Conservation Limits is
summarised in Appendix V).

From a fisheries management perspective and fgouhgoses of ongoing assessment
and provision of catch advice, there are abouti8drs which require specific catch
advice. Of this total, it is possible to provide assessment based on counters (17
currently in operation) with the remaining riversiry assessed based on an average
rod catch and a range of exploitation rates derivewh the rivers with fish counters
and literature sources. Based on this assessthen§SC have estimated that only
53 of these will meet and exceed their Conservationits to the extent that a harvest
fishery (rod and in-river/estuary fishing only) caroceed. As a fishery will proceed,
it will be possible to provide ongoing assessmémt2009 based on the following:
The existing counters.
Rod catch assessments, provided the rod catch menawer than the
recommended surplus for harvast.(to allow an assumed exploitation rate to
be applied to derive a total stock size) or if dsgguent catch and release
fishery is allowed.
Any new counters to be installed and operated lgy Riegional Fisheries
Boards.
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Apart from the 69 rivers where the rod catch hanless than 10 salmon on average,
there are 28 specific river fisheries which haverbelosed and in the absence of a
fishery or counter an alternative assessment wiltdguired based on at least one of
the following:

Redd count surveys as indices of total stock.

Juvenile assessment surveys as indices of totzt.sto

Survey draft netting and mark recapture assessments

Adult counts from new counter installations (indhgiboth main stems and/or

tributaries).

Adult stock indices from existing traps — at lees2008 while other surveys

are being developed.

Rod catch data — where catch and release fishatipised on these rivers.

While the 28 rivers with no assessment capabihtyusd be prioritised over the rivers
where the rod catch has been less than 10 fiststaies of some of these small rivers
implies that fisheries which are capable of takihgse stocks should also be closed.
For these rivers it is important to:
a) provide an assessment of their current status b@aseddedicated stock survey
(electro-fishing, trap or counter or redd count) or
b) establish if these small river stocks are genadicdistinct from the main
rivers in the vicinity. If the stocks are determint® be of the same genetic
origin then depending on other biological informatia single Conservation
Limit could be considered and the fishery managedhat the combined
returns were sufficient to meet and (in order fofishery to proceed) and
exceed the combined Conservation Limit.

The assessment of attainment of Conservation Lishitaild also be undertaken with
regard to the potential for populations from diéfier rivers to be distinct genetic
entities, for multiple populations to exist withémgle river systems and for distinct
life history types €.9. Spring salmon) that require additional managenpesitection
to coexist within river systems. Therefore, itlvalso be necessary to continue to
evaluate stock structure and stock dynamics using:

Genetic stock identification for remaining estuarmixed stock fisheries and

for the identification of salmon taken in marina\ays to establish river of

origin.

This could be supported by coded wire tagging egsiin a selection of key

index rivers.

Significantly in the absence of a marine mixed stiighery, there may be demands to
develop a salmon ranching industry. This shoulg¢t be considered provided there is
a commercial operation involving the total harvesteturning salmon in a terminal
trap and that there is no mixing of existing wilidahatchery stocks. In this regard,
only rivers with no existing salmon stock should thegeted. A salmon ranching
policy and operational protocols should be devealojpeavoid the potential problems
associated with this activity including, persistatitaying of ranched salmon into
other rivers, introgression, adverse genetic dlterg, disease transfer, bye-catch and
consequent reduction in productivity of wild salmon other important wild fish
stocks.
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A revised wetted area analysis is being developedake account of regional
variation in river dimensions which contributesaocuracy of Conservation Limits.
However, in the absence of similar data being abésl as yet for monitored rivers
used to transport stock and recruitment parametieiss will not be available in the
immediate future.

The requirement for real time management of infropg@otas was highlighted by the
Independent Group (Colliret al, 2006). Redd counts, juvenile indicgs, by their
nature retrospectively determine attainment or mils® of required spawning
escapements. Consequently management decisionglait&ion rates must be made
prior to the fishing season without the potentmahtake adjustments to catch rates in
season and consequently the effectiveness of ttexssions to provide for sufficient
spawning fish can only be made after the events T™alay or restriction on the
availability of information on stock strength maguse significant opportunity costs
both for recreational and commercial fisherieshe Rbility to assess the size of the
rod catch relative to the Conservation Limit wittseason would be important to
support management on a real time basis. With tbeento single stocks fisheries
some consideration should be given to redefinispifig seasons. However, any
changes to the current season should only be amesidvhen a mechanism is in
place to evaluate the proportion of the Consemationit being met for all stock
components at various times throughout the seabkotiis way maximum benefit can
be accrued from the stock without compromising eovetion goals.
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Appendix I. Members of the Standing Scientific Comittee of the
National Salmon Commission 2000 to 2008

Dr. N. O Maoiléidigh (Chair) — Marine Institute

Dr. P. Boylan — The Loughs Agency

Dr. N. Connolly (to 2001) — Coastal Research Cendreversity College, Cork
Dr. W. Crozier — Agri-food and Biosciences Instdior Northern Ireland (AFBINI)
Ms. Marie Dromey (to 2005) — National Parks anddlif¢ Service

Dr. P. Gargan — Central Fisheries Board

Dr. M. McGarrigle — Environmental Protection Agency

Dr. P. McGinnity — Marine Institute

Dr. Ferdia Marnell (from 2005) — National Parks aNddlife Service

Dr. Vera O’Donovan (to 2007) — Bord lascaigh Mhara

Dr. C. O’Keeffe (to 2002) — National Parks and WiklService

Dr. E. de Eyto (from 2007) — Marine Institute

Dr. W. Roche (from 2007) — Central Fisheries Board

Dr. I. Lawler (from 2007) — Bord lascaigh Mhara

Dr. Denis Doherty (from 2008) — Electricity Sup@pard

Contributors in 2007

Dr. Jonathan White — Marine Institute
Thomas McCrory — Central Fisheries Board
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Appendix Il. Rivers designated as Special Areas @onservation for
Salmon in Ireland (EU Habitats Directive), wetted a@aea and
associated Conservation Limit in number of fish

District River Wetted aream ° Total CL
Drogheda Boyne 6,695,412 13,831
Wexford Slaney 4,945,255 2,656
Waterford Barrow 6,495,633 12,026
Waterford Nore 6,796,230 11,958
Waterford Suir 8,795,447 14,752
Lismore Blackwater 7,701,703 12,503
Kerry Blackwater 353,999 539
Kerry Cummeragh/Currane 266,976 336
Kerry Laune 2,265,312 2,555
Kerry Caragh 586,454 531
Shannon Feale 2,019,244 2,345
Shannon Mulkear 3,702,750 6,284
Galway Corrib 4,038,058 8,432
Connemara Cashla 178,862 349
Connemara Owenmore 524,049 1,088
Ballinakill Owenglin 186204 372
Ballinakill Erriff 606,758 1,300
Bangor Newport 493,143 319
Bangor Srahmore 196,105 615
Bangor Owenduff 645,812 926
Bangor Glenamoy 260,000 630
Ballina Moy 7,075,959 16,974
Sligo Ballysadare 2,190,538 5,098
Sligo Garvogue 1,376,884 2,005
Ballyshannon Eske 431,848 823
Ballyshannon Drowes 562,314 1,006
Letterkenny Owenea 616,966 1,713
Letterkenny Gweebarra 248,480 563
Letterkenny Lackagh 375,778 1,083
Letterkenny Leannan 1,167,125 3,619
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Appendix Ill. Transporting Biological Reference Pants (BRPs): the
Bayesian Hierarchical Stock and Recruitment Analys (BHSRA)

The following description of the model used to sport Biological Reference Points
(in this instance stock and recruitment paramefess) monitored rivers to rivers
without these data is extracted from several s@urce

Crozier, W. W., Potter, E. C. E., Prévost, E., $¢ii-J., and O Maoiléidigh, N. 2003.
A co-ordinated approach towards the developmeatsaientific basis for
management of wild Atlantic salmon in the northtégtantic (SALMODEL —
Scientific Report Contract QLK5-1999-01546 to ELhCerted Action Quality of
Life and Management of Living Resources). Queemérsity of Belfast, Belfast.
431 pp.

Prévost, E., Parent, E., Crozier, W., Davidsoruimas, J., Gudbergsson, G.,
Hindar, K., McGinnity, P., MacLean, J., and Saettem\l. 2003. Setting
biological reference points for Atlantic salmonaits: transfer of information from
data-rich to sparse-data situations by Bayesiamattkical modelling. e ICES
Journal of Marine Science, 60: 1177-1193.

McGinnity, P., Gargan, P., Roche W., Mills, P., aiMtGarrigle M. 2003.
Quantification of the freshwater salmon habitateass Ireland using data
interpreted in a GIS platform. Irish FreshwatethEises Ecology and Management
Series, Central Fisheries Board, Dublin, 3. 131 pp.

O "Maoiléidigh, N., McGinnity, P., Prévost, E., Rt E. C. E., Gargan, P., Crozier,
W. W., Mills, P., and Roche, W. 2004. Applicatioinpoe-fishery abundance
modelling and Bayesian hierarchical stock and nigoent analysis to the
provision of precautionary catch advice for Iristhnson (Salmo salar L.) fisheries.
e ICES Journal of Marine Science, 61:1370-1378.

For a more complete description of the techniquesiodels and underlying
assumptions readers are advised to consult thesmany texts.

Introduction

The analysis of stock and recruitment (SR) dataesmost widely used approach for
deriving BRPs for Atlantic salmorsélmo salay (Prévost and Chaput 2001). SR data
are routinely collected on monitored rivers. Onstheivers, adult returns, spawning
escapement and sometimes smolt production are astimyearly. Potter (2001)
reviewed the various approaches currently applerddetermining BRPs from SR
data. They fall into two categories: the classpadametric SR models and alternative
non-parametric approaches. Walters and Korman (2@04& a full and critical
exposure of the procedures relying on the class$¢almodels. Such an extensive
review does not exist for non-parametric approachas Potter (2001) provides a
clear presentation of the various options propassdi used for stock assessment at
ICES. Despite their many pitfalls, the classical ®Bdels have the great advantage
over non-parametric approaches that they offerrandb framework to account for
sources of uncertainty in the derivation of BRPsaltdfs and Korman (2001)
advocate the use of the Bayesian approach for tamegr assessment: our
knowledge/uncertainty about BRPs should be reftette probability distributions
given the SR data in hand.
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There are several hundreds of salmon stocks atiredsorth East Atlantic area, each
having its own characteristics with regard to SRtrenships. However, resources to
collect SR data are limited and there are onlyratéd number of monitored rivers.
Suitable SR series (both in terms of length andabgity of observations) are

available for about 15 monitored rivers. Extrapolatof knowledge gained from

monitored rivers to rivers for which SR data ar¢ aweailable is therefore required.
This extrapolation process is also called transpoBRPs.

SR information from the monitored rivers can bedutse set BRPs for all the North
East Atlantic salmon rivers while accounting foe ttnajor sources of uncertainty.
Until recently, this issue was essentially addréssepractice by extrapolating the
BRPs determined from a single river SR series t@rire region or country while
accounting for the variations of size between gv&/hen SR data are available from
several rivers which are considered to be repratieatof an assemblage of rivers,
the question can be asked as to what can be idfedeut the nature of the SR
relationship for any new river of the assemblagsedaon data from the sampled
rivers. There are two nested sources of unceytainthis situation. The first level of
uncertainty is associated with the fact that thenelevant SR information available
from a limited number of rivers within the assengaaof rivers. The second level of
uncertainty relates to the limited number of SReobations available within each
river. Bayesian meta-analysis using hierarchicadefilng (Bayesian Hierarchical
Analysis) provides a framework for integrating thesvo levels of uncertainty. It
incorporates the nested structure of the unceyténterive a probability distribution
of BRPs for a river with no SR data. Prévestal. (2001) illustrated this approach
with a case study on the salmon rivers of Québeazi€ret al (2003) further applied
and extended it to the rivers in the North Easaatit area and O Maoiléidigit al.
considered the specific application of this apphoacan Irish context.

Bayesian approaches are now widely applied in f&ipulation and fisheries
dynamics studies (Punt and Hilborn 1997; McAllisted Kirkwood 1998). It is also
an active field of investigation in itself. Bayeasieeasoning aims at making inferences
about any unknown quantity of interet)(conditionally on observed dat®) It
considers probabilities as comparative degreeshbéfb Although not specific to it,
the bayesian approach requires the initial setbing probability model representing
our prior understanding of the process giving teséhe data. From this prior setting,
posterior inferences are derived conditionally loe data using Bayes theorem:

P(UID) = P(U)P(D|V)/P(D)u P(U)P(D|V)

Setting up a Bayesian Hierarchical Stock and Recrtment Model

To make inferences from data in a Bayesian framkwar probabilistic i(e.
stochastic) model representing the prior understgndf the process generating the
observed data must be set. The data are Stock aadiiinent (SR) observations.
Standard SR models such as a Ricker curve withologal random errors (Walters
and Korman 2001) can be use to represent the laetiwden the stock and the
subsequent recruitment within any single river. ISac single river SR model is
controlled by a few parameters, which are eith@ldgjical Reference Points (BRPS)
or from which BRPs can be computed. lgetlenote the SR parameters vector of the
river i. In this case, inferences based on the data fr@mmionitored rivers about the
other rivers of the NEAC area are of special irderdhe model must therefore
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specify the link between salmon rivers irrespectvevhether SR data are available
for them. The idea that all salmon rivers belong ttommon family or an assemblage
of rivers is translated by considering them as imggurom a single probability
distribution. More precisely, it is the's which are seen as realizations from a
common probability distribution. This probabilitystribution is itself controlled by
parameters, also called hyper-parameters. Den@ithg vector of hyper-parameters.

The conditioning structure corresponding to thisegal setting can be represented by
a Directed Acyclic Graph (DAG; Figure 1). It iheerarchical setting because:
the distribution of the recruitment for any givavél of stock is controlled by
the g parameters,
the distribution they parameters is controlled by tigghyper-parameters.

This hierarchical structure organizes the trangferinformation brought by the
monitored rivers SR data towards the other rivéle SR data from the monitored
rivers improve the information about tlggs. This information gained about tiges
allows improvements in turn in the information abgu This information gained on
Q@ provides insight into the SR parameters of any riear for which no SR data are
available.

The hierarchical setting is midway between a cotepp®oling of SR data sets and
the independent treatment of each single river &@Rs Complete pooling of SR data
sets relies on the assumption that there is a engR relationship common to all
rivers,i.e, g = g for anyi * j. This is certainly an oversimplifying assumption.
Conversely, full independence between rivers wonihn there is nothing to learn
from the monitored rivers about the SR relationgbiighe other rivers. This is not
sensible either and contradictory to the very esserfi monitored rivers projects. By
considering theg's as realizations from a common probability dosttion it
acknowledges that they can be different betweegrsiwhile at the same time they
are not fully unrelated. This intermediary assumptiallows the transfer of
information between rivers. Any increase in infotima about ag consequentially
provides information about the probability distiiiom of the g's, thus bringing
information about anyj j * i. The Bayesian treatment of a hierarchical modeial
the data to used to learn from the monitored rivers

Implicit but crucial to the above concepts is tlypdthesis of exchangeability of the
rivers with regards to their SR parameters. Thasmmon assumption when little is
known about the differences between units (Geletaad. 1995). In this case it means
that, apart from the SR data, there is no insigbvided into the phenomena causing
variations in the SR relationship among riversteirms of modelling, exchangeability
translates into independent identical distributibpi) of the g's. If covariates
informative about the variations gi's are available, then exchangeability can still be
assumed, conditionally on the covariate. It musstbessed that, in practice, it is not
enough to know that a given variable influences &t relationship (from some
experimental or detailed single site studies). Eoable to take advantage of this
knowledge it must be possible to measure the catrion every river of interest,
e.g, all the salmon rivers in the North East Atlargrea, and also model the nature of
the link between the covariates and tfis. It is clear that these two conditions shall
limit the number of covariates which can be usegractice, especially if inferences
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are to be made for many rivers for which theretike lknown. The basic concept and
model are presented below in Figure 1.

Q

Hyperparameters

ql Qnew
SR parameters SR parameters

BRPpew

Figure 1. The conditioning structure of the BHSRA as représein a Directed Acyclic
Graph (DAG). Nodes (ellipses) are random variableg. plain arrows represent stochastic
links, i.e. the distribution of a child node depends on itsepts. Dashed arrows represent
deterministic links,i.e. the BRPs are functions of thg's. § and R are the series of
observed stock and recruitment for the monitoredrr. C; is a vector of explanatory
covariate of theg's. The frame means there drenonitored rivers with SR data. The
“new” subscript index refers to any river with no SRadait belonging to the family from
which the monitored rivers arer@presentative sample.

Treating the rivers as exchangeable in their SRrpaters implies that the monitored
rivers are a representative sample from the braadly, e.g.the North East Atlantic
area or Irish rivers specifically, about which irgfeces are required to be made. The
principles presented and discussed above are titarfiuentals of the joint treatment
of several SR series, called a Bayesian Hierarcl®BaAnalysis (BHSRA). Such an
approach does not, in itself, solve all the proldemcountered in the analysis of SR
data. BHSRA is, however, a step forward from thevimus approach for setting and
transporting BRPs in Atlantic salmon. It sets asistent framework for learning from
monitored rivers SR data, while previous practiegsentially relied on the unrealistic
premise that there is a common SR relationshipsadoooad regions. Ample room is
left for improvement in the single river SR modadjj but this approach now provides
a hierarchical setting which can accommodate arwy 8& model for (Bayesian)
learning from monitored rivers.

Introduction of Covariates — Wetted Area and Latitude

The BHSRA as used for the transport of SR paramédterrish rivers is detailed

below (Figure 2). Among the many covariates tol@xpdifferences between rivers
in their SR parameters, river size is the most evidIt would be irrelevant to set
escapement reference points irrespective to tleedfizhe rivers considered. Indeed,
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the size of a stock is constrained by the sizetofriver of origin because of the
specificities of the riverine Atlantic salmon ecgjo For instance, individuals have a
territorial behaviour at the juvenile stage andimyrspawning, and compete for
limited spatial resources (Elliott, 2001). Prévessal. (2001) reviewed the many ways
of assessing river size as a limiting factor folmga production. Currently, the
riverine wetted surface area accessible to salrppears to be the "smallest common
denominator"” which can be used across the Northt Bdlsintic area. This
measurement is readily available for Irish rivavieGinnity et al, 2005) by means of
Geographical Information Systems (GIS) applicatidvsre refined measures of river
size, incorporating information about the habitaalgy within the wetted area, have
been proposed. The methods, however, vary amomgnsegnd rivers and in the vast
majority of rivers the data requirements cannotenity be achieved.

Given the very limited information available on thelk of the NEAC salmon rivers,
geographical location is probably the only variafdadily accessible for explaining
variations in SR parameters among rivers. Latitnde been investigated because it
influences the ecology of Atlantic salmon. For amste, it is well known that mean
smolt age increases with latitude (Metcalfe andrped 990). Koeningst al. (1993)
also found a positive latitudinal gradient for strtoladult survival in sockeye salmon
(Oncorhynchus nerka

DAG of a hierarchical SR model with covariate

Figure 2. DAG of the hierarchical SR model with covariatesdiso transport stock
and recruitment parameters to Irish rivers. The esagraphical conventions are
applied as in Figure 1. Naming of the nodes ardagxgd below.
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Brief explanation of terms used in the DAG.
R; ~ lognormal(log(Ricker($), s)
Ricker(S,) = (exp(hpd)/(1 - hopd)) Sj exp(-((Rpd/((1 - hopi)Ropd))S,)

where:
R is the recruitment of the cohort born in ygéiom the river,
S, is spawning stock of yegl from the rivern,

Ricker($) is the value of a Ricker function with parametgigid, Ropd) atS;,

S is the standard deviation of the normal distribotiof log(R;), whose mean is
log(Ricker(§)),

hopi IS the exploitation rate at MSY for the rivier

Ropi is the value of the Ricker function at MSY for tineeri.

Any other SR related parameter or BRP can be il fromhg,d and Ropi.
NASCO recommended the use of the stock level thakximizes the long-term
average surplus (MSY) as the standard Conservhiii (CL; Potter 2001).

DenotingS,,d this BRP for the river:
prti =(1- hopti)Ropti

At the upper level, the parameters of the Rickacfion are assumed to be different
between rivers, but drawn from a common probabdisgribution:

Ropd ~ lognormal(A, B)

hopd ~ beta (C,D)

where:
A andB are the mean and standard deviation of the nadstlbution oflog(Ropd).
C and D are the parameters of the beta distribuidgp,

The basic model formulation above was improved hy tise of additional co-
variables, which would be informative about SR texlaparameters. In this case it is
obvious that the river size must be most infludrtiaR,, i.e. the bigger the river the
higher shouldR,pi be.

This can be translated into replacing assumption:
Ropd ~ lognormal(A, Babove

by:

Ropti = ropti WA

where:
WA is the wetted area accessible to salmon (m?2).
ropt is the egg recruitment rate per m2 of riverinetegirea accessible to salmon at
MSY
lat; is the latitudinal location of river i.
iis the mean of thivg(ropt) distribution and is a linear function of latitude.

iand jis the beta distribution assignedhopt (which varies between 0 and 1).

i IS the mean of the beta distribution or
il (it i)
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is a scale parameter directly connected to theféasize” of the beta distribution

The “new” subscript denotes the posterior distidmg of all the parameters for any
new river based on the posterior distributionshefonitored rivers.

Data available to apply the BHSRA to the North Easitlantic monitored rivers
Egg-to-egg SR series can be obtained from monitaveds, i.e. any river where at
least the adult returns and the fisheries are gad/€Figure 3). Rivers colonized
mainly by sea trout and holding a comparatively Isis@mon population were not
considered. In-river adult returns were quantifled full counting (from trapping,
electronic counters or even visual counts) or hymedion from tagging/recapture
experiments. Combined with information on the catchthe exploitation rate in
freshwater, spawning escapement can be calculBieldgical dataj.e. sex ratio and
average fecundity per female, were used to exppawning escapement in eggs.
Recruitment can also be derived from adult retuReturns back to the coast were
calculated using estimates of the catch or of #o#ation rate in coastal/estuarine
fisheries. Information on the age composition @& taturns allows derivation of adult
returns per spawning yeare. homewater recruitment. Data on sex ratios and
fecundity of females were used to express recruitme eggs. In the case of
monitored rivers, which are only spawning tributari adult spawning escapement
was obtained directly without having to accountrigerine exploitation. Recruitment
was then estimated from smolt counts or producéstimates (tagging/recapture).
Sea survival estimates from neighbouring riversemesed to convert smolts into
adults.

V4

European salmon rivers with SR data
des &

North Esk  Gimock Bum r
Riverine wetted area

.\[oi::- Latitude accessible to salmon Number of SR
Country tM) 3 obseryations
Faughan "Mivelle France 43 320885 12
Busrishoole Qir France 485 48000 14
Frome UK. England) = &0.5 A76420 12
Lune Dee UK. England a3 B170000 9
_ Burrizhoole Ireland 54 155000 12
Froms Lune UK. England | 54.5 4230000 7
Bush UK. KL Ireland) a5 845500 13
Nive Mourne UK KL Ireland) . 85 10360560 13
Faughan UK K. Ireland) | 55 882380 11
Girnock Burn UK. Scotland) | &7 55764 12
Morth Esk Uk, &cotland) a7 2100000 5}
Laerdalselva MNanaay g1 704000 g
Ellidaar Iceland B4 199711 10

Figure 3. European rivers used for the provision of staolt Becruitment parameters.
The two most northerly Icelandic rivers were naluded in the Irish model.
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Appendix V. Derivation of river-specific catch advice for Atlantic
salmon fisheries in Ireland

River-specific fisheries advice for 2008 is basedaoforecast of the abundance of
salmon in each river for 2008, comparison of thireged abundance to the river-
specific CL, and determination of possible catctsch could be taken in those
rivers.

Predicted abundance in each river for 2008 is tak®rthe average abundance of
salmon from each river prior to any national fisegr(recruits) in recent years.

River-specific recruitment of salmon is estimated2003 to 2007 where information
is available as follows:

Estimates of spawners and returns in most riveve ieen updated since 2006

and are based on an extrapolation of rod catchidgyusing specific exploitation

rate bands identified from rivers with countersifigal).

For rivers with counter data the spawners fromdbenter monitoring are used

rather than rod catch and extrapolation using squllogtation rate data.

For rivers with no counters or a rod catch of s 10 annually, it is assumed

that they are meeting 33% of the in-river stockpinement.

River specific catches in draft nets and otheraestae fisheries are derived from

actual reported catches from carcass tagging aymbtiks.

River-specific catches in the driftnet fisheriegopito 2007 (estimated to be the

same size as the 2006 catch and corrected to rehaekery fish as this was the

last year a quota was introduced) are estimated fhe following:

o District specific origin of catches in the driftrfetheries are determined using
the combined Coded Wire Tag (CWT) tagging and reppwata set to
provide the estimated catch of salmon from oneidish each other district.

o River specific proportions of the district origistenates are derived using the
district catch proportioned by the estimated spagrstock size of each river
in that district.

Total annual abundance for 2003 to 2007 by rivesrafin (or 2002 to 2006 if not

available) prior to any national fisheries is thensof river-specific spawners,

river-specific rod catches, river-specific draftt rad other estuary catches, and
river-specific driftnet catch where present.

Risk analysis leading to the provision of catch adee
The text and methodologies below are derived pilgnirom:

Crozier, W. W., Potter, E. C. E., Prévost, E., 3¢ti®»-J., and O Maoiléidigh, N. 2003.
A co-ordinated approach towards the developmentaofcientific basis for
management of wild Atlantic salmon in the northteA#antic (SALMODEL —
Scientific Report Contract QLK5-1999-01546 to EUnCarted Action Quality of
Life and Management of Living Resources). Queenis/éfsity of Belfast, Belfast.
431 pp.

Readers are advised to consult this text for a momeplete explanation of methods
and formulas used in the calculations.
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The use of reference points in fisheries managemesntires that the probability of
achieving the objectives is taken into accountv8pag requirement reference points
from stock and recruitment analysis are establigirethe basis of an egg deposition
rate weighted by area measures of freshwater haigaable for juvenile production
(see Appendix IIl). Because fisheries exploit fidhe egg requirements are translated
to the number of salmon required to achieve that @gposition using the average
biological characteristics of the stock. This i® thpproach used to manage some
homewater fisheries on both sides of the Atlantid ¢he high seas fishery of west
Greenland.

Fish are discrete units and Atlantic salmon stagkserally consist of relatively small
numbers of animals, in the order of 100s to 10Qf¥snfiost rivers of the north
Atlantic. Managing to achieve spawning escapemef@rence points must consider
the probability of obtaining at least the requiragmber of fish to achieve the egg
deposition. Since only females contribute eggséefies should be managed to ensure
that the required number of females are availatnespawning.

The probability profiles for achieving the spawnimgquirement objective in a
specific year are defined by the stochastic proggedf small numbers and additional
factors including the size of the river stock (estied directly from counters/traps or
extrapolated from rod exploitation rates) and propon female in the stock
(proportions taken from known proportions in braod& recovery programmes). In
the management of mixed stock fisheries, the agdy@my of individual river
requirements into a regional objective introduceklittonal uncertainty to the
achievement of the individual river objectives. fdheare curently two estuary
fisheries (Killary harbour, Owenmore/Owenduff commestuary) which exploit
stocks from more than one river where advice isviged. The aggregation of
spawner requirements into regional requirementagésmthe probability profiles and
the profiles are affected by: the number of rivghsch are aggregated, relative size of
the rivers, disproportionate productivity rates agpohe rivers, and the possibility of
straying between rivers in the aggregated complex.

Monte Carlo methods for estimating probabilities urder binomial and
multinomial models

The description of the probability profiles are &hson application of the binomial
and multinomial distributions of the fate of fislleased to spawn. For the single river
case, the simplest situation, the fish releasesptwn are of two types: males and
females. The probability of a given number of feasalithin a specified group of fish
is described by the binomial distribution:

Pr(Zz=k) = [N!/ (k' (N= K] g (1 - p}**
where:
Z = number of female fish
N = number of fish in the group, males and females
p = probability that a fish is femaled. proportion female in the stock)

The binomial distibution has the following propesi

1) For a fixed p, the coefficient of variation decresss N increases,
2) The variance is greatest when p = 0.5.
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For the aggregated stock example, the binomialxieneled to the multinomial
distribution for which there are more than two pllgsoutcomesi(e. female from
river A, male from river A, female from river B, meafrom river B,...). The
probability of a given set of outcomes is given by:

Pr(Zl=k1, Zz=k2, ZM=kM) ko o

where:
Z1, Zo,... Zyy = are outcomes in M stocks
N = number of fish in total
P1, P2,-.., Py = proportion female inrivers 1, 2, ..., M

For the simple case of one river, exact probaéditof meeting or exceeding the
spawner requirements (Pr(Z >= k) can be calculfxted the binomial formula for an
assumed proportion female (p) and for a given nurnolbdish released to the river

(N).

In the more complicated situation in which morentlmene stock is being considered
(and for which the sum of a large number of proligds must be calculated) or when
including annual variations in the biological chaemistics of the stock, the
probabilities can be conveniently approximated giditonte Carlo techniques.

The spawner requirements are defined on the bage mumber of female fish §sx)

required to achieve the egg requirements at thereefe point. The proportion of

females in the stock is assumed known (or expedyed)In the simulation, this
female proportion represents the probability oish fbeing female. The simulation
proceeds as follows (for the single river example):

1. A number (j) is drawn from a random uniform distriion between 0 and 1.

2. If j <= p (proportion female in the stock), theratHish is considered a female and
the female counter for that fish is set at 1 {sex). If j > p, then the fish is
considered male and the counter is set to Q séx

3. Repeat steps 1 and 2 a total of N times (N = nurobésh released to the river)
using independent random uniform numbers.

4. The total number of females released to the rir@nfstep 3 is the sum of sdar
the N random number assignments.

5. If sex from step 4 >= & , then the spawner requirement has been neet (
SpawnerMet= 1, for i = 1 to M simulations).

6. Repeat steps 1 to 5 a large number of times (M,800).

7. Calculate the number of times the spawner requintmas met or exceeded (
SpawnerMatfrom step 5).

8. Calculate and store the probability of meeting oweeding the spawner
requirement for N releases of fish to the riveg)é8 SpawnerMetdivided by M
(from step 6 and 7).

9. Release N + c fish to the river with ¢ > 0.

10.Repeat steps 1 to 9 until the desired probabilityneeting or exceeding the
spawner requirement is attained.

11.Estimate the probability of meeting the spawneunegment (R, Py+c, ...) versus
the number of fish released to the river (N, N+c,) to describe the probability
profile for the specificed conditionssa, p).
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12.Plot the probability of meeting spawning requiretserersus various catch
options with the catch option providing at leasts®6 probability of meeting the
Conservation Limit being advised by the SSC fohdahery.

In all the analyses, a total of 10,000 Monte Canoulations were performed for each
fixed release of fish to the river(s).

Example from the Dundalk District
There are five salmon producing rivers in Dundadiging in size (based on CL)
from 123 salmon (Flurry) to 2410 salmon (Dee) —|&&b
Rod catches are less than 10 on average annualliggd-lurry river, therefore it
is not possible to estimate river-specific spawrgrseturns to this river. In this
instance a spawning stock representing 33% ofdfa €L is applied on the basis
that many rivers on the east coast are well belaw C
Exploitation rates in the rod fisheries are assunedfollow a triangular
distribution with the most likely rate within a nmmum to maximum range based
on average exploitation rates for known rivers asdal on in-river counter in the
case of the River Dee.
Exploitation rate in the rod fisheries is the onlgriable with parameterized
uncertainty:
o exploitation rate varies independently among rivaard among years
o Estimated abundance of Flurry origin fish in 208&ased on the assumption

that only 33% of CL is being met on average in negears.

The catch options for the all rivers in the DundBlistrict which provide a 75%
chance (0.75 probability) of meeting the Conseoratiimit are shown in Figure
1.
In the case of the Castletown River this equatespfroximately 43 salmon. A
higher catch will result in less than 75% chana the Conservation Limit will
be met. Conversely, a lower catch will result igraater than 75% chance that
the Conservation Limit will be met.
Similarly, for the River Fane, the catch option @fhprovides a 75% chance that
the Conservation Limit will be met is 214 salmon.
The other rivers in the district (Flurry, Glyde abéde) do not have a catch option
which allows a 75% chance of meeting the Consematimit. In fact, even in
the absence of any fishery there is little chahed the Conservation Limit will be
met given the average returns in the past 5 years.
Therefore, there should be no harvest fisheridbhase rivers or any mixed stock
fishery until the Conservation Limits have beenemdzed.
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Table 1. Exploitation rates used for each river in thawdion of catch advice.

District
River name Rod exploitation rate 1SW Rod exploitation rate MSW
Mean Min Max Mean Min Max
Flurry Dundalk 0.05 0.01 0.12
Castletown Dundalk 0.15 0.02 0.35
Fane Dundalk 0.15 0.02 0.35
Glyde Dundalk 0.15 0.02 0.35
Dee counter Dundalk 0.26 0.06 0.44
Boyne Counter Drogheda 0.06 0.05 0.06
Dargle Dublin 0.05 0.01 0.12
Vartry Dublin 0.05 0.01 0.12
Liffey counter Dublin 0.02 0.01 0.03
Avoca Wexford 0.05 0.01 0.12
Owenavorragh Wexford 0.05 0.01 0.12
Slaney counter Wexford 0.25 0.14 0.40 0.26 0.14 0.43
Corock R Waterford 0.05 0.01 0.12
Owenduff Waterford 0.05 0.01 0.12
Pollmounty Waterford 0.05 0.01 0.12
Barrow Waterford 0.05 0.01 0.12
Nore Waterford 0.10 0.05 0.15
Black Water Waterford 0.05 0.01 0.12
Lingaun Waterford 0.05 0.01 0.12
Suir Waterford 0.10 0.05 0.15
Clodiagh Waterford 0.05 0.01 0.12
Mahon Waterford 0.05 0.01 0.12
Tay Waterford 0.05 0.01 0.12
Colligan Waterford 0.05 0.01 0.12
Lickey Lismore 0.05 0.01 0.12
Finisk Lismore 0.05 0.01 0.12
Glenshelane Lismore 0.05 0.01 0.12
Bride Lismore 0.18 0.10 0.35
Tourig Lismore 0.05 0.01 0.12
Womanagh Lismore 0.05 0.01 0.12
Blackwater counter Lismore 0.15 0.09 0.23 0.27 0.19 0.36
Owennacurra Cork 0.05 0.01 0.12
Lower Lee (Martin, Shornach, Bride) Cork 0.15 0.07 0.35
1SW Bandon Counter Cork 0.28 0.13 0.46
Argideen Cork 0.05 0.01 0.12
llen Cork 0.15 0.07 0.35
Mealagh Cork 0.05 0.01 0.12
Owvane Cork 0.05 0.01 0.12
Coomhola Cork 0.15 0.07 0.35
Glengarriff Cork 0.05 0.01 0.12
Adrigole Cork 0.05 0.01 0.12
Kealincha Kerry 0.05 0.01 0.12
Lough Fada Kerry 0.05 0.01 0.12
Croanshagh (Glanmore R. and L.) Kerry 0.05 0.01 0.12
Owenshagh Kerry 0.05 0.01 0.12
Cloonee Kerry 0.05 0.01 0.12
Sheen Kerry 0.05 0.01 0.12
Roughty Kerry 0.05 0.01 0.12
Finnihy Kerry 0.05 0.01 0.12
Kerry B'water Counter Kerry 0.12 0.07 0.18 0.12 0.07 0.18
Sneem Kerry 0.05 0.01 0.12
Owenreagh Kerry 0.05 0.01 0.12
Cummeragh Kerry 0.12 0.06 0.33 0.13 0.07 0.21
Waterville counter Kerry 0.12 0.06 0.33
Inney Kerry 0.15 0.07 0.35
Emlaghmore Kerry 0.05 0.01 0.12
Carhan Kerry 0.05 0.01 0.12
Ferta Kerry 0.05 0.01 0.12
Behy Kerry 0.05 0.01 0.12
Caragh Kerry 0.15 0.07 0.35 0.31 0.15 0.46
Cottoners Kerry 0.05 0.01 0.12
Laune Kerry 0.15 0.07 0.35 0.31 0.15 0.46
Maine Kerry 0.15 0.07 0.35
Emlagh Kerry 0.05 0.01 0.12
Owenascaul Kerry 0.05 0.01 0.12
Milltown Kerry 0.05 0.01 0.12
Feohanagh Kerry 0.05 0.01 0.12
Owenmore Kerry 0.05 0.01 0.12
Lee Kerry 0.05 0.01 0.12
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Table 1 cont'd.
advice.

Exploitation rates used for each river in theidgion of catch

District
River name Rod exploitation rate 1SW Rod exploitation rate 2SW
Mean Min Max Mean Min Max
Brick Limerick 0.05 0.01 0.12
Feale counter Limerick 0.13 0.03 0.25 0.16 0.06 0.29
Feale Limerick 0.13 0.03 0.25 0.16 0.06 0.29
Galey Limerick 0.05 0.01 0.12
Deel Limerick 0.05 0.01 0.12
Maigue Limerick 0.05 0.01 0.12
Mulkear counter Limerick 0.10 0.05 0.15
Owenagarney Limerick 0.05 0.01 0.12
Fergus Limerick 0.15 0.07 0.35
Doonbeg Limerick 0.05 0.01 0.12
Skivaleen Limerick 0.05 0.01 0.12
Annageeragh Limerick 0.05 0.01 0.12
Inagh Limerick 0.05 0.01 0.12
Aughyvackeen Limerick 0.05 0.01 0.12
Aille (Galway) Galway 0.05 0.01 0.12]
Kilcolgan Galway 0.05 0.01 0.12
Clarinbridge Galway 0.05 0.01 0.12
Corrib Galway 0.15 0.07 0.35] 0.31 0.15 0.46]
Knock Galway 0.05 0.01 0.12
Owenboliska R (Spiddal) Galway 0.05 0.01 0.12]
Cashla counter Connemara 0.05 0.03 0.06
L.Na Furnace Connemara 0.05 0.01 0.12
Screebe trap Connemara 0.20 0.12 0.29
Ballynahinchcounter Lonnemara 0.05 0.03 0.06
Owenglin (Clifden) Ballinakill 0.15 0.07 0.35]
Dawros Ballinakill 0.15 0.07 0.35]
Culfin Ballinakill 0.05 0.01 0.12]
Erriff counter Ballinakill 0.14 0.07 0.19
Bundorragha Ballinakill 0.15 0.07 0.35 0.31 0.15 0.46
Carrownisky Ballinakill 0.05 0.01 0.12
Bunowen Ballinakill 0.15 0.07 0.35
Owenwee (Belclare) Ballinakill 0.15 0.07 0.35]
Newport R. (Lough Beltra) Bangor 0.05 0.01 0.12 0.31 0.15 0.46
Srahmore (Burrishoole counts) Bangor 0.05 0.02 0.08
Owengarve R. Bangor 0.05 0.01 0.12]
Owenduff (Glenamong) Bangor 0.18 0.10 0.35 0.31 0.15 0.46
Owenmore R. Bangor 0.18 0.15 0.22 0.16 0.13 0.19
Glenamoy Bangor 0.18 0.10 0.35
Muingnabo Bangor 0.18 0.10 0.35]
Ballinglen Ballina 0.05 0.01 0.12
Cloonaghmore (Palmerstown) Ballina 0.05 0.01 0.12
Moy Ballina 0.18 0.10 0.35
Brusna Ballina 0.05 0.01 0.12
Leaffony Ballina 0.05 0.01 0.12
Easky Ballina 0.15 0.07 0.35] 0.31 0.15 0.46
Ballysadare counter Sligo 0.28 0.12 0.38 0.35 0.30 0.40
Garvogue (Bonnet) Sligo 0.05 0.01 0.12
Drumcliff Sligo 0.15 0.07 0.35]
Grange Sligo 0.05 0.01 0.12]
Duff Ballyshannon 0.33 0.10 0.50
Drowes Ballyshannon 0.15 0.07 0.35 0.31 0.15 0.46
Erne Ballyshannon 0.05 0.01 0.12
Abbey Ballyshannon 0.05 0.01 0.12
Ballintra (Murvagh R). Ballyshannon 0.05 0.01 0.12
Laghy Ballyshannon 0.05 0.01 0.12
Eske Counter allyshannon 0.12 0.06 0.22
Eany counter Ballyshannon 0.22 0.14 0.34
Oily Ballyshannon 0.05 0.01 0.12
Bungosteen Ballyshannon 0.05 0.01 0.12
Glen Ballyshannon 0.15 0.07 0.35
Owenwee (Yellow R) Ballyshannon 0.05 0.01 0.12]
Bracky Letterkenny 0.05 0.01 0.12
Owentocker Letterkenny 0.05 0.01 0.12
Owenea Letterkenny 0.15 0.07 0.35
Gweebarra Letterkenny 0.15 0.07 0.35 0.12 0.06 0.27
Owenamarve Letterkenny 0.05 0.01 0.12]
Gweedore (Crolly R.) Letterkenny 0.05 0.01 0.12
Clady Letterkenny 0.15 0.07 0.35
Glenna Letterkenny 0.05 0.01 0.12
Tullaghobegly Letterkenny 0.15 0.07 0.35
Ray Letterkenny 0.15 0.07 0.35
Lackagh Letterkenny 0.15 0.07 0.35
Leannan Letterkenny 0.15 0.07 0.35]
Swilly Letterkenny 0.15 0.07 0.35
Isle (Burn) Letterkenny 0.05 0.01 0.12
Mill Letterkenny 0.05 0.01 0.12
Crana Letterkenny 0.15 0.07 0.35
Clonmany Letterkenny 0.05 0.01 0.12
Straid Letterkenny 0.05 0.01 0.12
Donagh Letterkenny 0.05 0.01 0.12
Glenagannon Letterkenny 0.05 0.01 0.12
Culoort Letterkenny 0.05 0.01 0.12
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Table 2. Example of data inputs for the Dundalk district.

Dee
Dundalk River name Flurry | Castletown Fane Glyde | Counter
Common estuary Dun-A Dun-A Dun-B Dun-C
Fisheries Board Code 2 3 4 5 6
OS River Number 91 92 94 95 96
Type of monitoring Catch Catch Catch Catch | Counter
Rod harvests / counts by year 02 to 06
2003 0 12 30 43 118
2004 0 41 126 63 84
2005 0 18 73 36 161
2006 2 12 14 70 211
2007 0 0 100 33 376
Catch and Release
2003 0 0 3 0
2004 0 0 2 7
2005 0 1 3 0
2006 0 1 11 1
2007 0 42 40 1
Catches, corrected for released fish
2003 2003 0 12 33 43 40
2004 2004 0 41 128 70 55
2005 2005 0 19 76 36 57
2006 2006 2 13 25 71 23
2007 2007 0 42 140 34 0
Exploitation rates in the rod fisheries (Forecasta  ssumptions
Triangular Likely 0.05 0.15 0.15 0.15
Distribution Minimum 0.01 0.02 0.02 0.02
Maximum 0.12 0.35 0.35 0.35
Forecasted Expltt'n Rates draws based on assumption s above
2003 0| 0.230 0.277 0.273 0.315
2004 0 0.298 0.146 0.110 0.206
2005 (o) 0.240 0.141 0.181 0.326
2006 0 0.254 0.145 0.188 0.311
2007 0 0.201 0.127 0.136 0.100
Estimated spawners 33% of CL
2003 0 41 31 91 93 118
2004 (o) 41 240 1043 276 84
2005 (o) 41 117 347 74 161
2006 0 41 77 119 158 211
2007 0| 41 331 932 307 376
Conservation limits
Total CL 123 197 543 2172| 2410
1SW CL 114 182 502 2009| 2229
2SW CL 9 15 41 163 181
within district 0.023 0.036 0.100 0.399| 0.443
Draft / snap / other catches (by river)
Draft prop by river 0.00 0.00 0.41 031 0.14
Snap prop by river 0 0 0 0 0
Other prop by river 0 0 0 0 0
2003 0| 0 0 205 159 70
2004 0 0 0 305 152 103
2005 0 0 0 219 226 74
2006 0| 0 0 128 162 44
2007 0 0 0 0 95 0
Driftnet catches (using river specific proportions of national catch based on CWT analysis)
Prop by river 0.04 0.15 0.33 0.25| 0.11
2003 0| 16 67 145 108 49
2004 0 16 67 145 108 49
2005 0| 16 67 145 108 49
2006 0 16 67 145 108 49
2007 0| 0 0 0 108 0
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Figure 1. Examples of river specific risk plot for the Dunkl&listrict.
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Appendix V. Summary results from the catchment wi@ electro-
fishing in 2007

Semi-quantitative catchment wide electro-fishing baen used to assess salmon fry
(O+) densities and distribution in river system$ieTiechnique was developed by
Crozier and Kennedy (1994) as an alternative metioodising full stop nets as
required for fully-quantitative electro-fishing seys. It provides an approximate
estimate of salmon fry abundance at a much greataber of sites for a given time.
The method is used extensively in the River Bugicheaent as part of the annual
salmon stock assessment and is also being adaptedd in the River Foyle. The
Central and Regional Fisheries Boards have alsptaddhe technique to investigate
if a relationship between fry abundance (which rbaymeasurable annually) and
adult returns can be established. If this is #®ecan index may be applied to those
rivers where there is currently no other meansseéasing adult returns.

Data are presented in Table 1 showing the statugiveirs relative to their
Conservation Limits as advised by the Standingr&ifie Committee of the National
Salmon Commission. These assessments were baseduater data or rod catch
data. For rivers without counters or where dataeviesufficient to carry out a formal
assessment, for the purpose of providing catchcadthey were assumed to be
meeting 33% of their Conservation Limit.

This index will take several years of repeated emalsistent electro-fishing with the
relationship between juvenile abundance and adulin@ance clearly established
before any quantitative assessment of adult steekl Ican be made. In the short
term, however, direct comparisons of the juvendedities of rivers which have been
assessed to be meeting Conservation Limits andhdatb do so may provide a
relative index for rivers without any other assessntapability.

Rivers above CL based on SSC advice for 2008

Four rivers were electro-fished in 2007. The mtuin 2008 for two of these were
forecast to be above CL on the basis of in-rivainters while the forecasts for the
remaining two were extrapolated from rod catch eiation rates. There was a good
level of agreement between the attainment of Cemsien Limits for the Kerry
Blackwater and the Erriff and the high mean juveniénsities.

The forecast carried out by the SSC for the Owenactor 2008 indicates that this
river will meet and exceed its CL, however, catchtneide electro-fishing data
suggested that this river was not producing a \enmye stock in 2007. This may be
due to an over estimation of the contribution @& tlower Lee draft net catch which
originates from the Owenacurra.

Similarly, although the SSC have forecasted that River Duff will meeting and
exceed it's Conservation Limit in 2008, this riwtowed a very low mean abundance
of salmon fry in 2007. This is surprising givere thigh exploitation rate used for this
fishery in the extrapolation. Applying a lower éoifation rate would have further
increased the forecasted returns and thence tbedéattainment of the Conservation
Limit. Determination of the appropriate rod expddion rate for the River Duff and
further development of the juvenile index are ddde in this instance.
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Rivers below Conservation Limits based on SSC adwdor 2008

Nine rivers which were forecast to be below thean§ervation Limit in 2008 by the
SSC were electro-fished in 2007. A separate CoasiervLimit is set for 1SW and
MSW fish on three of these (Slaney, Garavogue & platy but it is not possible to
distinguish these stocks during electro-fishing dhd same mean fry abundance
applies to both cohorts. After revised rod explomia rates were applied to all rivers
for the 2008 SSC assessment, Slaney 1SW and Netpwrtstocks were assessed to
be above Conservation Limits.

Generally, there was a good comparison betweesdieatific assessment for rivers
below Conservation Limits and the catchment widected-fishing data, with three

exceptions. Relative to other Irish rivers, theersrMaine and Glenamoy have a high
abundance of salmon fry throughout their catchmehssthe juvenile numbers are

amongst the highest of all the rivers sampled thay be meeting a higher proportion
of their Conservation Limits than indicated by apgtion of rod catch statistics and
recent redd counts. An alternative suggestion wdwdd that spawning may be

sporadic with 2007 producing a high density yeas€lcompared to previous years.
Further information along these lines would helmfeon the relationship between

spawning stock and juvenile production in thesdesgs. However, the SSC have
suggested that on the basis of the high juvenifesities, there would be some merit
in allowing a catch and release angling fisherghitain some direct adult return data,
although this incurs a risk within the SSCs assessrthat the Conservation Limit

will not be attained.

Juvenile abundance on the River Barrow based omldatro-fishing was moderate.
More information would be required before its fasted status were to be altered.

Rivers with no stock abundance index prior to 2007

These rivers have no counting facilities and theuahrod catch is too low to allow
extrapolation using exploitation rates from neigimag or similar rivers. In the
absence of any other index, the electro-fishingzeys in 2007 provide the first
scientific assessment of their actual status. t@purpose of providing catch advice
and for estimating the relative proportion of spawenin a given district for re-
allocation of drift net catches back to river ofgam, these rivers were assumed to be
meeting only 33% of their Conservation Limit priorthe additional salmon from the
drift nets being allocated.

Two rivers, Lough Fada and Kealincha were foretasie above Conservation Limit
in 2008 mainly due to the reallocation of drift mettches to these rivers. Catchment
wide electro-fishing results revealed a very lowamealmon fry abundance on the
Lough Fada system (2.6 fry/min) and no salmon feyewecorded on the Kealincha
system, indicating that the initial presumptionttbath rivers were meeting 33% of
Conservation Limit was very likely to be an ovemsttion. Both rivers remained
closed for 2008 based on the electro-fishing result

Similarly, the Carhan, Owreagh, and Emlaghmoreliasdy to be meeting a much
lower proportion of CL than estimated. The Muingnafrecast to meet 54% of its
Conservation Limit, recorded a mean salmon fry dlamce of only 0.7 fry/min while

the Brick, deemed to be meeting 52% of Conservationit did not record any

salmon fry during the electro-fishing survey.

52



SSC Report to NSC 07/08

The Owenascaul in Kerry, had a very high mean adocel of salmon fry and in this
instance may be meeting a higher proportion of €osadion Limit than assessed.

Conclusion

The catchment-wide electro-fishing survey technigpelied in 2007 has been very
useful in assessing the status of juvenile salntooks in catchments nationally,
particularly for rivers for which there was no pi@ws stock abundance information.
As the abundance of salmon fry during the summeioges an index of salmon
spawning in the previous winter, the technique p@tential to assess salmon stock
status.

There was generally good agreement between thetificidorecast of attainment of
salmon Conservation Limit in 2008 from rod catchcounter data undertaken by the
Standing Scientific Committee and the results ef ¢atchment-wide electro-fishing
surveys. However, while some discrepancies can xmaieed, there is still a
significant amount of survey and research work ¢éocarried out to develop the
electro-fishing index fully. In the interim, whildhe electro-fishing index is being
developed, the initial data cannot be used to eséiran adult stock size or estimate a
surplus above the Conservation Limit. Thereforgy seview of the current SSC
advice will be restricted to situations where tlweveys are clearly indicating high
juvenile stock abundance.

Catchment-wide electro-fishing may be the only sainstock assessment method
available for many small rivers currently closed galmon exploitation for the
foreseeable future and it is important to have thasic information for the many
(approximately 70) rivers with no stock abundandermation at all. Over a number
of years, it is expected that the catchment-wigeted-fishing technique will develop
into a robust scientific assessment of attainmérgatmon Conservation Limit and
prove to be an important addition to existing staskessment methods.

This technique is also important for providing mgers with information on the
distribution and abundance of salmon fry. The absew low density of salmon fry
may be related to water quality issues, obstrusti@n habitat damage and areas of
low abundance can be investigated.

Catchment-wide electro-fishing will be continuedarrange of catchments in 2008,

including catchments with counters and catchmesggssed to be above and below
their Conservation Limits. Quantitative electrohfisg will also be undertaken at the

same time in some catchments to calibrate thetsefsam both techniques.

The electro-fishing surveys undertaken in 31 catiisin summer 2007 recorded
salmon fry from the 2006 run, when mixed stock ifighat sea was still occurring
around the coast. These data will serve as a referevhen compared to data
collected in 2008 and provide an index of any iaseein salmon spawning in
catchments nationally.
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Table 1 Ranked mean salmon fry abundance in catchmejtsaljove their
Conservation Limits, (b) below their Conservatiamits and (c) small rivers with 10

or less salmon.

SSC Assessment SSC Assessment Catchment Wide Mean Salmon

River 2007 2008 Electro-fishing Assessment fry Abundance
Kerry Blackwater Above CL (210%) Above CL (215%) High Abundance 30.5
Erriff Above CL (225%) Above CL (280%) High abundance 27.1
Owenacurra Above CL (350%) Above CL (340%) Moderate Abundance 15.7
Duff Above CL (140%) Above CL (140%) Very low Abundance 7.8
Maine Below CL (47%) Below CL (50%) High Abundance 325
Glenamoy Below CL (69%) Below CL (69%) High Abundance 28.1
Inny Below CL (88%) Below CL (99%) High Abundance 24.8
Slaney 1SW Below CL (50%) Above CL Good Abundance 19.0
Slaney 2 SW Below CL (47%) Below CI (74%) Good Abundance 19.0
Garavogue 1SW Below CL (30%) Above CL (128%) Moderate - High Abundance 18.1
Garavogue 2 SW Below CL (30%) Below CL (93%) Moderate - High Abundance 18.1
Barrow Below CL (26%) Below CL (42%) Moderate - High Abundance 17.4
Newport 1 SW Below CL (65%) Above CL Moderate Abundance 151
Newport 2 SW Below CL (67%) Below CL (67%) Moderate Abundance 15.1
Fergus Below CL (28%) Below CL (29%) Low-moderate Abundance 13.7
Leannan Below CL (22%) Below CL (28%) Low Abundance 9.5
Owenascaul Unassessed Below CL (63%) High abundance 23.8
Glenshelane Unassessed Below CI (41%) High abundance 22.7
Ferta Unassessed Below CL (83%) Moderaste - High Abundance 194
Owenwee Unassessed Below CL (77%) Moderate - High Abundance 18.4
Carhan Unassessed Below CL (81%) Moderate Abundance 15.7
Behy Unassessed Below CL (83%) Moderate Abundance 15.4
Ballinglen Unassessed Below CL (38%) Low Abundance 10.6
Emlagh Unassessed Below CL (61%) Low Abundance 104
Owreagh Unassessed Below CL (61%) Low Abundance 8.9
Leaffony Unassessed Below CL (38%) Very low Abundance 5.7
Grange Unassessed Below CL (68%) Very low Abundance 5.4
Pollmounty Unassessed Below CL (43%) Very low Abundance 3.7
Lough Fada Unassessed Above CL (115%) Very low Abundance 2.6
Emlaghmore Unassessed Below CL (61%) Very low Abundance 2.2
Muingnabo Unassessed Below CL (54%) Very low abundance 0.7
Kealincha Unassessed Above CL (115%) No salmon fry recorded 0
Brick Unassessed Below CL (52%) No salmon fry recorded 0
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Appendix VI. River specific information used in the catch advice
process

(Owing to the large size of this appendix it isguwoed as a separate document).
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