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Summary

In 2002, the NRFB, in conjunction with Donegal County Development
Board, published a comprehensive consultation document which
details a strategy to develop and manage angling in Donegal (Anon,
2002) which included a requirement to identify and describe the status
of each fishery resource or catchment, in terms of habitat and fish
stock. Within this broad framework, the Board decided to undertake an
appraisal of the salmon resource within its remit, with a view to

maximising sustainable juvenile salmon output in freshwater.

A total of eleven catchments were identified for audit. These were: the
Leannan, Lackagh, Clady, Crolly, Gweebarra, Owenea, Glen, Eany,
Eske, Lough Melvin/Drowes and Duff catchments and the work
programme entailed a detailed survey of habitat quantity/quality,
analysis of redd counts and rod catches and an electrofishing survey of
juvenile populations.

The 11 systems investigated accounted for almost 5% of the total
national accessible wetted production area for salmon (Mc Ginnitty et
al., 2003) and 60% of the entire accessible wetted area salmon
resource in the NRFB area. The Leannan accounts for 1% of the total
national accessible resource.

Gradient and water quality are two of the key drivers in juvenile salmon
production. Gradient is effectively a proxy for biologically more
meaningful hydromorphological entities such as stream riffles, glides
and pools (Amiro, 1993). The combined total of the Letterkenny and
Ballyshannon Districts medium gradient habitat (1.23%), the most
productive salmon habitat, is ranked second only to the Waterford
District total of 1.42%, which has the highest overall productive
potential, which emphasizes the productive capacity potential of rivers
in the NRFB Region for salmon, as a whole.

An EPA Q value of Q3/4 or less has been identified as an impediment
to optimal juvenile salmon production. A Q value of < Q3 indicates a
more severe impairment. Based on the 2003 quantitative analysis (Mc

Ginnitty et al, 2003) only the Leannan and Glen Rivers and, to a lesser



extent, the Eske, displayed any level of water quality impairment. All of
the remaining channels were classified as unimpaired. Water quality
data for this period is presented here as it is the most relevant for fish
monitoring over the period of this study.

Juvenile salmon assessment through electrofishing and habitat quality
assessment were the primary survey deliverables required to provide
an appraisal of river health status. Habitat assessment was undertaken
through direct observation from aerial photography of all systems,
targeted on-site ground truthing assessment, collation of data from
NRFB staff and direct observations at electrofishing sites. Aerial survey
data provided data for zonation of the various river channels into
discrete sections, identification of potential physical habitat problems or
potential anthropogenic pressures, selection of representative
electrofishing sites and suitable access, and for identification of
potential barriers to migration. The entire suite of aerial photography
has been transferred to the NRFB GIS system.

Each catchment surveyed is reported individually, and each report
incorporates EPA biological/water quality assessment, angling catch,
salmon redd count and juvenile assessment data. Detailed habitat
restoration or enhancement works, with supporting aerial photographs
and mapping outputs, are incorporated.

Rod catch statistics demonstrated a strong positive linear relationship
which showed that, as fluvial habitat increases, rod catches are higher.
Most catchments fitted the relationship with the exception of the poor
catch in the Leannan which highlighted its poor performance index
which is in agreement with SSC deliberations on the poor level of CL
attainment for this fishery.

The most productive angling fisheries are the larger systems, the
Drowes, Eany, Owenea and Duff, and all differ with regard to
abundance of spawning habitat. The Drowes and Owenea have
abundant spawning areas while the Eany and Duff are less well

endowed.



Rod catch statistics show that the medium sized systems including the
Gweebarra, Glen, Lackagh and Eske appear to be underperforming
with rod catches equivalent to substantially smaller systems like the
Clady and Crolly.

Improvements to rod catch statistics including collecting consistent
statistics, developing river specific rod catch exploitation rates,
collecting salmon scale material and environmental data are made.

The CFB has identified redd counts as an important potential method
of indirect assessment of CL attainment (Gargan et al, 2008). While the
exact relationship has to be developed it has been recommended to
concentrate on systems with counters so that robust redd count
statistics can be developed. Various recommendations including:
training, consistency of approach (protocol development),
concentrating on index systems and the use of remote sensing
technology are made to enhance the application of redd counts to CL
attainment.

Extensive quantitative and semi-quantitiative electrofishing was carried
out throughout all systems. Excellent 0+ salmon fry densities (>
1.15/m?) were recorded in sites in several systems, the Owenea, Eske
and Melvin but often in only a limited number of sites. A small
proportion of systems have fry density profiles dominated by fair to
good abundance ratings. The Owenea is a high status system as a
salmon production unit based on its fry density profile and the
Glen/Owenwee was also satisfactory (although the salmon rod catch is
declining). The remaining systems are in the poor range in terms of
overall 0+ density profiles, particularly the Leannan and the Lackagh
systems.

Applying a value of > 0.14/m? salmon parr, which is good in terms of
results recorded by the survey team in other Irish catchments over the
past 20 years, it is evident that several catchments are performing well.
The Owenea is consistent for both fry and parr and is the most
productive juvenile salmon producer of all catchments surveyed.

Locally and nationally. Other good producers of salmon parr are the



Clady, Eany, Gweebarra and Melvin systems while the Leannan is a
consistent underperformer. A four year programme of “catchment-wide
electrofishing”, a rapid assessent method is recommended for the
NRFB rivers surveyed.

New barriers to salmon migration were identified in most rivers. These
are mainly natural barriers and cannot be removed or altered.
However, it is imperative to notify the barriers to the SSC in order to
ensure that the accessible wetted area for each system is modified
which will, in turn, lead to a decrease in the river —specific CL.
Distribution and abundance data for trout, eel, three-spined stickleback,
minnow, lamprey spp. and flounder are presented.

The Owenea scored extremely positively for an index derived from
salmon spawning escapement levels, redd counts and juvenile
assessment while the Leannan fared very poorly and ranked lowest for
most. The remaining catchments were positioned within these extreme
boundaries (Table 7.2.1). Two divisions emerged from this index. An
upper division comprising good performaers including the Owenea,
Melvin, Gweebarra, Clady, and Duff and a lower division including the
Eany, Glen, Lackagh, Crolly, Eske and Leannan. Recent counter and
rod catch data from the Eany has identified a decline in salmon
populations which may have been first manifested in low 0+ salmon fry
densities recorded in 2005.

This study has identified several catchments which are
underperforming in terms of juvenile salmon production, several which
are in the middle ground and some which are extremely satisfactory in
terms of performance. The physical resource is generally satisfactory in
terms of quantity and quality, although some specific problems were
identified, and water quality, with some notable exceptions (parts of the
Leannan), is also satisfactory. A prioritised habitat
restoration/enhancement programme is presented. The extensive Glen
and the Leannan catchments should be targeted for intensive
programmes to restore their production capacities which have

deteriorated over the past two decades for different reasons.



One of the most influential factors in the decline of salmon nationally is
likely to be reduced marine survival. For the past 15 years ICES has
been reporting that marine survival indices remain low and are
considered to be a key factor limiting salmon production. Marine
survival is influenced by many factors and there are real concerns
relating to factors causing mortality at sea including predation by seals,
diseases and parasites and marine pollution. The multi-agency
international SALSEA research programme, which is investigating
marine mortality, will aid fishery managers to understand the likely
factor(s) and this will improve understanding of the scale of the
problem when it reports in due course. The NRFB will have to adopt a
watching brief until understanding of this complex issue improves.

For the foreseeable future the primary role of the NRFB, under its
statutory function, is to continue to ensure that freshwater production
units (i.e. salmon catchments) are fully functional in terms of habitat
and water quality, and that juvenile and adult stocks are protected
under the various national and international obligations which underpin
salmon stock management in this country. Protection of the freshwater
environment and maximising its potential, if any improvement in adult
escapement occurs, must be the primary focus of the NRFB as it has
been since its inception. Underpinning this primary role is the collection
of baseline datasets and continued monitoring of stocks to detect any

change in salmon stock status.



1. Introduction

The mission statement of the NRFB is “to conserve the inland fisheries and
sea angling resources of the Region in its own right and to manage, restore,
enhance and promote it in a sustainable manner for the benefit of our local
communities and the national good". In 2002, the NRFB, in conjunction with
Donegal County Development Board, published a comprehensive
consultation document which details a strategy to develop and manage
angling in Donegal (Anon, 2002). The requirement to identify and describe the
status of each fishery resource or catchment, in terms of habitat and fish
stock, was emphasised. Within this broad framework, the Board decided to
undertake an appraisal of the salmon resource within its remit, with a view to
maximising sustainable juvenile salmon output in freshwater. By maximizing
the juvenile output the Board would be delivering on its functions and on its
identified strategic role. In 2005, the Board identified eleven key salmon
fishery catchments within its functional area. These were: the Leannan,
Lackagh, Clady/Crolly, Gweebarra, Owenea, Glen, Eany, Eske. Lough
Melvin/Drowes and Duff catchments. The majority are productive salmon rod
fisheries and several are under State ownership or local cooperative type

management.

Working with the Central Fisheries Board, an approach to delivering this
programme was developed which identified the key datasets to be collected -
information on current juvenile salmon levels and the current status of juvenile
salmon habitat. Restoration or enhancement options for habitat were also

identified as being important deliverables for the project.

The study was funded by the NRFB. This reports details the findings of the
study and makes recommendations for delivery of the required work

programme.

2. Project delivery process
An approach to project delivery was identified (Fig. 2.1) and subsequently

developed into a rolling work programme. Because of the number of



catchments involved it was decided to break the programme into discrete

work packages covering one to four catchments annually (depending on

catchment size). Field surveys commenced in 2005 and continued into 2008.

The sequence of activity for the project was as follows:
— Data collection, analysis and interpretation
— Design a programme of measures

— Implement programme

— Monitor and adjust

SURVEY ANALYSIS
National importance Historical
data Status
Survey habitat _> REPORT
quantity/quality — aerial, External on each
ground data svstem
Water chemistry New data

Redd counts

ven "
Survey juvenile populations PROGRAMME of MEASURES

Adult stocks

® Habitat maintenance/ improvement

® Fishery closure

MONITOR annually after implementation ® Develop index redd count process

® Develop juvenile index survey

Amend programme

Fig 2.1. The NRFB Salmon Rivers Project approach

This report deals with data collection, analysis and interpretation and presents a

programme of measures which essentially is Phase 1 of a two phase project.
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3. Background information for individual catchments

An important part of the process was to examine the relative salmon
production potential of each catchment (Fig. 3.1) in a national context and
identify the quantity and quality of habitat available for salmon production.
Catchment geology, land use and Special Areas of Conservation (SAC) are

mapped in Appendix 1.

0 20 30 40
Kilometers

Fig. 3.1. Salmon catchments investigated 2005 - 2008

The fisheries examined over the course of the project are all salmon fisheries
(Table 3.1). All have a 1SW or grilse component and the three star (***) grilse
fisheries are very productive rod fisheries under the right conditions. Rod
catch data is presented below in each individual river report. Several systems
have a multi-sea-winter or spring salmon component. The Leannan and the
Drowes are prime multi-sea-winter fisheries but only the Drowes currently
continues to operate as a multi-sea-winter fishery as the Leannan is

substantially under its Conservation Limit.
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The Conservation Limit for Atlantic salmon is defined by NASCO as ‘the
spawning stock level that produces long term average maximum sustainable
yield as derived from the adult to adult stock and recruitment relationship”.

This equates to the stock level that maximizes the long-term average surplus.

Anon (2008), in the Standing Scientific Committee (SSC) report to the
National Salmon Commission (NSC) described the background leading to the
development of a comprehensive river-specific approach to salmon

management in Ireland.

Salmon home to their natal river to spawn and as the number of
spawning fish increases, then the number of juveniles increases and, in
turn, the number of migrating smolts increases, leading to improved
returns of 1 SW or MSW salmon. However, there is a limit to the
number of juvenile salmon any river can support - the carrying capacity
- due to competition for food and space. Additional spawning salmon
can reach a level at which their contribution will not lead to additional
production of juveniles. These adult fish are surplus to the spawning
requirements for the river and can be harvested in a sustainable
manner. As each river holds a unique spawning population, which has
evolved through adaptation, to survive best in that rivers environment,
and little straying of salmon from river to river occurs, a Conservation

Limit can be associated with each individual river stock.

In the late 1990s, with the growing evidence, both nationally and
internationally, of a widespread decline in salmon stocks the Irish
Government initiated a process, involving all stakeholders, to develop a
comprehensive management strategy for salmon in Ireland. Up to
2001, the Irish salmon fishery was managed by a combination of effort
limitation and the application of technical conservation measures
relating to size and type of fishing gear. While these measures
regulated the efficiency of this mixed stock fishery, they were not
sensitive to the stock available, and allowed the same level of fishing

even when stocks were low. Prior to 2005, precautionary catch advice
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was provided on a Fisheries District basis. District Conservation Limits
i.e. aggregated river specific Conservation Limits, were calculated and
compared to these average returns to assess whether stocks were
above or below Conservation Limits at a district level and to provide an
estimate of the surplus above the Conservation Limit available for

harvest in each district.

In 2007 catch advice was provided, by river, arising from revised
national objectives for salmon and national obligations and
international obligations (e.g. EU Habitats Directive). Recognizing the

conservation imperative the mixed fishery at sea was ceased in 2007.

River specific catch advice and management considerations have resulted in
the closure of the Leannan, the Lackagh and the Eske salmon fisheries since
2007.

3.1. Salmon production potential of the NRFB

The extent of total ‘wetted surface of river’ is a measure of the area of rivers
and lakes in a catchment that can be effectively accessed by salmon entering
that catchment from the sea and that is therefore available for spawning and
thus capable of producing juvenile fish. The ‘wetted surface of river’ can be
considered as the width of the water surface measured at right angles to the
direction of the flow at the time of the survey at the dry weather flow or DWF
(DWF assumes that surface water is contributed entirely by groundwater

sources).

Ireland’s freshwater Atlantic salmon habitat resource was quantified by Mc
Ginnity et al., 2003. This report identified 173 discrete salmon river systems
although this has been reduced to 148 rivers following a review in 2005.
Within the original classification of 173 rivers, 160.5 million m? of river and
stream ‘wetted surface area’ habitat was calculated of which 113.0 million m?
is accessible and used by adult and juvenile salmon. A total of 40.1 million m?
of river habitat is located above four major hydroelectric schemes. There are

105,600 hectares of lake surface area, of which 44,600 hectares are available
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for salmon production. Approximately 67.5% of the total accessible fluvial
habitat available is within 20 river systems. In the NRFB area the 11 systems
investigated in this study accounted for 4.63% of the total national accessible
fluvial wetted area. The River Leannan which accounts for over 1% of the
national total is the largest system of those surveyed in the current study.

The salmon catchments in the Letterkenny and Ballyshannon Districts
combined account for 8,661,668 m? or 7.89% of the total national accessible
wetted production area for salmon, which is the fourth ranked in the country
after the Waterford, Limerick and Lismore Districts (Table 3.2 and Fig. 3.2).
The rivers surveyed over the course of this survey account for 60.46% of the

entire accessible wetted area salmon resource in NRFB area.

The Leannan is one of the largest salmon rivers in Ireland and is ranked 21°
in the national listings for accessible habitat. It dominates the NRFB salmon
resource, in terms of accessible wetted area (Figure 3.3.) The Eany, Owenea
and Drowes/Melvin wetted areas each constitute about 0.5% of the national
figure. The significance of individual salmon systems within the NRFB
administrative area is highlighted in Table 3.3.

National salmon riverine habitat: wetted river channel, accessible to salmon, ranked by
Fisheries District

25.00

21.55

n
©
o
S
|

12.74

8.24 786 754
6.22 593
472 470 447

% of wetted area accessible

353 297 287 243 210 474

0.72

Fig. 3.2. National accessible salmon riverine habitat, ranked by District.
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NRFB Salmon Rivers Programme - accessible wetted area for
surveyed rivers expressed as % of national total accessible

0.96

0.54 (.51

0.46

% of national total accessible
o
D
o

Fig. 3.3. Accessible wetted area for surveyed rivers as a percentage of

the national accessible total
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Table 3. 2. National salmon riverine habitat: wetted river channel, accessible to salmon,

ranked by area (m2) in Fisheries Districts

FISHERIES Salmon Salmon Non self % of
DISTRICT systems - systems - sustaining National
riverine total riverine portion of riverine

accessible salmon accessible

bearing
catchment*

Waterford 24,569,103 24,345,915 21.55
Limerick 46,450,964 14,394,975 30,895,619 12.74
Lismore 9,340,439 9,314,020 8.24
Ballina 9,301,174 8,881,629 7.86
Kerry 8,797,110 8,522,449 7.54
Wexford 7,161,341 7,032,752 6.22
Drogheda 6,695,412 6,695,412 5.93
Letterkenny 5,631,468 5,337,762 4.72
Galway 8,253,242 5,307,431 4.70
Cork 7,241,815 4,715,328 1,923,476 417
Sligo 4,200,104 3,990,574 3.53
Ballyshannon 10,178,849 3,361,359 6,457,264 2.97
Bangor 3,336,934 3,239,957 2.87
Dublin 3,967,758 2,741,828 830,129 2.43
Dundalk 2,436,340 2,372,751 2.10
Ballinakill 2,076,178 1,934,183 1.71
Connemara 867,759 811,701 0.72
TOTAL 160,505,990 113,000,026 40,106,488 100.00

* impaired due to presence of artificial barrier and salmon production is usually

maintained by stocking
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Table 3.3. NRFB salmon catchments ranked by accessible fluvial habitat

wetted area

National  Fishery system Fisheries Total fluvial ~ Accessible % of Catchments
Rank District habitat fluvial national surveyed
(m?) habitat total of over course
(m?) fluvial of study
habitat
accessible
to salmon
21 Leannan Letterkenny 1,167,125 1,167,125 1.03 yes
30 Eany Ballyshannon 656,530 656,530 0.58 yes
33 Owenea Letterkenny 630,856 616,966 0.55 yes
37 Drowes Ballyshannon 611,703 562,314 0.5 yes
44 Duff Ballyshannon 461,575 461,575 0.41 yes
49 Eske Ballyshannon 496,658 431,848 0.38 yes
52 Crana Letterkenny 433,536 383,036 0.34
53 Swilly Letterkenny 394,241 380,213 0.34
54 Lackagh Letterkenny 436,109 375,778 0.33 yes
56 Glen Ballyshannon 359,004 356,998 0.32 yes
68 Gweebarra Letterkenny 287,952 248,480 0.22 yes
77 Oily Ballyshannon 210,618 210,618 0.19
85 Isle (Burn) Letterkenny 183,078 183,078 0.16
86 Owentocker Letterkenny 204,263 182,949 0.16
87 Laghy Ballyshannon 181,228 181,228 0.16
89 Clady Letterkenny 195,006 179,023 0.16 yes
96 Ballintra Ballyshannon 392,356 158,131 0.14
97 Bungosteen Ballyshannon 175,143 154,911 0.14
98 Clonmany Letterkenny 151,703 151,703 0.13
100 Ray Letterkenny 168,605 146,332 0.13
103 Donagh Letterkenny 141,449 141,449 0.13
108 Glennagannon Letterkenny 126,111 120,435 0.11
111 Gweedore/Crolly  Letterkenny 118,319 111,149 0.1 yes
115 Abbey Ballyshannon 107,691 107,691 0.1
119 Mill Letterkenny 123,296 95,019 0.08
128 Tullaghobegly Letterkenny 78,626 78,626 0.07
133 Glenna Letterkenny 72,633 72,633 0.06
136 Owenwee (Glen)  Ballyshannon 69,079 69,079 0.06 yes
139 Deryart Letterkenny 65,102 65,102 0.06
145 Faymore Letterkenny 57,865 57,865 0.05
146 Owencronahulla Letterkenny 57,607 57,607 0.05
148 Owennamarve Letterkenny 56,359 56,359 0.05
150 Drumbhallagh Letterkenny 53,740 53,740 0.05
152 Owenerk Letterkenny 51,945 51,945 0.05
172 Erne Letterkenny 6,457,264 10,436 0.01
Eleven surveyed catchments totals 5,489,916 5,236,865
% of national salmon rivers 3.42 4.63
All NRFB salmon rivers 15,434,375 8,337,971
% of national salmon rivers 9.62 7.38
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3.2. Habitat quality assessment

Gradient and water quality are two of the key drivers in juvenile salmon
production. Gradient is effectively a proxy for biologically more meaningful
hydromorphological entities such as stream riffles, glides and pools (Amiro,
1993). The wetted area report (Mc Ginnitty et al, 2003) generated these
quantitative data for all salmon habitat in Ireland and provided fishery
managers with the facility to assess habitat quality (viz. gradient

characteristics and water quality).

Gradient

National accessible fluvial habitat (wetted area) was categorised using the
eleven-class Amiro (1993) classification system for each District (Mc Ginnitty
et al, 2003) which allowed comparison of the Letterkenny and Ballyshannon
Districts with other Districts for this report. Habitat in each Fisheries District is
divided into three categories, low gradient (classes 1, 2 & 3), medium gradient
(classes 4, 5 & 6) and high gradient (classes 7, 8, 9, 10 & 11) and expressed
as a percentage of total available accessible habitat nationally. 81.9% of
national accessible fluvial habitat was classified as low gradient, 8.35% as
medium gradient and 9.74% as high gradient (Figure 3.4). Medium gradient
(classes 4, 5, 6) has been shown by Amiro (1993) to be potentially the habitat
with the best capacity for the production of juvenile salmon. Individually, the
Waterford, Limerick and Kerry Districts have the largest quantity of medium
gradient habitat nationally indicating a higher potential for the production of
juvenile salmon compared to other Districts. However, the combined total of
the Letterkenny and Ballyshannon Districts medium gradient habitat (1.23%)
is ranked second only to the Waterford District total of 1.42%, which has the
highest overall productive potential, which emphasizes the productive

capacity potential of rivers in the NRFB Region for salmon, as a whole.
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(A) Low gradient habitat (Amiro 1,2 & 3)
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Fig. 3.4. Within District breakdown of low gradient (A), medium gradient
(B) and high gradient (C) expressed as percentages of the total national
fluvial accessible salmon habitat. NRFB District data in red. Note
different scales in (B) and (C)

20



Percentage composition by river of low, medium and high
gradient (Amiro classification) of the available accessible
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Fig. 3.5. Percentage composition of habitat in individual rivers etc the
total area of accessible salmon habitat in NRFB area is 8,661,668 m? (Mc
Ginnitty et al, 2003)

By virtue of overall catchment size, the Leannan has the highest percentage
of the potentially more productive, medium gradient channel, but the Owenea,
Glen, Eske, Eany, Drowes and Duff are prominent indicating their natural
potential (Fig. 3.5).

Water Quality

Poor water quality impacts on the potential of rivers to produce salmon. The
Environmental Protection Agency monitor water quality at over three thousand
sites nationally from which a preliminary quantitative estimation of the area of
channels with inadequate water quality was derived by Mc Ginnitty et al,
(2003).
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The EPA Q-value system is based on site analysis of macroinvertebrate
communities. A Q value ranging from 1 to 5 is assigned to each site on each
sampling occasion. A score of 5 represents pristine conditions with 1

illustrating grossly polluted conditions.
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Fig. 3.6. The proportions (%) of accessible riverine habitat with
biological quality ratings of: (a) £ Q3 (moderately to severely polluted)
shown as open bars; and (b) Q3/4 (slightly polluted) shown as solid
bars; on a District basis.

Data are presented on the quantity of habitat with a value of Q3 (moderately
polluted) or less and a value of Q3/4 (slightly polluted) or less (Fig. 3.6). In
national terms the Ballyshannon and Letterkenny Districts tend towards the
lower end of the scales for poor water quality. Rivers in Districts along the
East and Southeast coast (Dundalk to Waterford) had the highest proportion

of moderately to severely polluted waters and also of slightly polluted waters.
Habitat with a Q value of Q3/4 or less has been identified as an impediment to

optimal juvenile salmon production. A Q value of Q3 or less indicates a more

severe impairment. Nationally, 4.5% of potential salmon habitat is estimated
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to have a Q value of Q3 or less and 17.3% of the habitat recorded a Q value
of Q3/4 or less.

In two extensive lIrish studies, Kelly et al, (2007) and O’'Grady & O’Leary
(2007) have shown that where Q values are < 3/4, the river reach cannot
support significant juvenile salmon numbers (Fig 3.7). A value of < Q 3
indicates more severe impairment. Statistical analysis showed that water
quality, as indicated by EPA Q-values, had a significant effect on the
percentage composition of juvenile salmon, i.e. % composition of salmon
increases as water quality increases. Percentage composition of 1+ & older

salmon was significantly higher at Q-values above Q3-4.
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Fig. 3.7. Percentage composition of juvenile salmon in relation to water
quality as indicated by Q-values. (From Kelly et al, 2007).

Based on the 2003 quantitative analysis (Mc Ginnitty et al, 2003) only the
Leannan and Glen Rivers and, to a lesser extent, the Eske displayed any
level of water quality impairment (Fig. 3.8). All of the remaining channels
were classified as unimpaired. Water quality data for this period is presented
here as it is the most relevant for fish monitoring over the period of this study.
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Fig. 3.8. Extent of water quality impairment by river based on EPA Q
value analysis. Data from McGinnitty et al, 2003 and SSC. Severely
impaired = < Q3, impaired = Q 3-4 and > Q 4 = not impaired.

However, recent EPA Q value data, presented as mapped interpretations by
watercourse in individual river reports in this report and as site specific only
data in tables indicate some water quality problems in other catchments
(Appendix 2). Prompted by an inflated deterioration in Q vales for the Crow
River in 2008 an aerial investigation by EPA and CFB staff identified a serious
landslide problem in the upper reaches of the Crow River in winter 2008
(Plates 3.1 & 2).
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Plate 3.2.1. Landslide in upper Crow River, Winter 2008

Plate 3.2.2. Extent of marginal deposition in upper Crow River, Winter
2008
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4. Survey Methods

Juvenile salmon assessment and habitat quality assessment were the primary
survey deliverables required to provide an appraisal of salmon stock status.
The juvenile assessment, carried out using electrofishing apparatus, also
provided data on the distribution of other fish populations. Habitat assessment
was undertaken through direct observation from aerial photography, targeted
on-site ground truthing assessment, collation of data from NRFB staff and

direct observations at electrofishing sites.

4.1. Catchment characterization

Each catchment was characterized through an aerial survey carried out by
CFB (Dr. Martin O’Grady) in conjunction with the Irish Air Corps. Surveys of
the catchment were carried out on various dates over the course of the survey
as Air Corps schedules permitted. The aerial survey allowed the survey team
to generate the following information:

* Zonation of the various river channels into discrete sections,
representing the range of habitat type, gradient and volume discharge
encountered

* Identification of potential physical habitat problems or potential
pressures arising from the likely principal sources (e.g. agricultural,
forestry or industrial sources) within the catchments

* Selection of potentially representative electrofishing sites reflecting
channel zonation or sites requiring assessment to gauge the impact of
habitat problems

* Identification of potential barriers to migration

* Information on likely access points to potential sampling sites

The aerial survey generated a full set of oblique digital photographs for each
main channel and its major tributaries. This information allowed a survey plan
to be drawn up. Electrofishing sites were selected to represent the varying
character/channel types within the catchment based on the aerial survey of all
catchments and information from NRFB staff. Following an assessment of the
aerial photography a ground assessment of the selected zones was carried

out to determine site suitability and access.
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The entire suite of aerial photography has been transferred to the NRFB GIS
system and will prove valuable in any future initiatives in any of these
catchments. It will provide the basis for direct visual comparison of changes
occurring in the catchment through enhancement programmes, natural
disasters (e.g. catastrophic flood events) or other habitat or land use changes.
Other applications will include mapping of angling water, assessment of
hydromorphological change, particularly in respect of the EU Water
Framework Directive, review of planning applications, angling tourism support

and for inclusion to support funding applications for river-specific projects.

4.2. Electrofishing

Representative sites were electrofished to provide an overview of the current
status of fish stocks in each catchment. The fish stock assessments were
carried by survey teams from the Central and NRFB between 2005 and 2007.
Catchments surveyed were the Leannan, the Lackagh, the Clady/Crolly, the
Gweebarra, the Owenea, the Glen/Owenwee, the Eany, the Eske and the
Duff (Table 4.1). As several surveys had been carried out in the Lough Melvin
(Drowes) catchment when the survey programme was first mooted it was
decided to concentrate on the remaining catchments which had limited fish
stock survey data. Comparisons are made with comparable data from any

previous studies.

The survey was designed to provide quantitative data on fish stocks,
particularly salmon, for assessment of stock status. Salmon fry were targeted
as they provide a measure of adult spawning success within or close to the
sampling site, which reflects the general status of the river and its habitat for
salmon. Quantitative data provides the most reliable means of comparison

within a catchment and with other similar catchments.

Fish within each survey site were captured using electrofishing apparatus.
Fish were removed using bank-based electrofishing equipment consisting of a
portable generator (220/240V) with an appropriate control (pulsed DC
converter) unit attached. The number of units used varied and depended on
the width of the river at the site being sampled. Stop nets were placed at the

top and bottom of the sampling site to prevent escapement of fish from or into
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the sampling area. A number of passes were carried out in the contained area
in an upstream direction from the bottom net. Fish from each pass were held
in separate bins of water, sorted and processed. This provided individual
counts for each pass. All fish were measured (fork length) within 1cm length
groupings. Sets of scales from salmon and brown trout were taken from a
representative range of sizes for back-calculation of length at age and
examination of growth pattern at each site. All fish were held in a large bin of
water after processing until they were fully recovered and then returned to the

water.

Population estimates were calculated using the two pass depletion method of
Seber & Le Cren (1967) or the three fishing pass method of Zippin (1958).
Where confidence intervals were unacceptably high or, when only one pass
was carried out (usually due to low densities), minimum densities (total no. of
fish per year class/ area sampled m?) were calculated (Crisp, Mann &
McCormack, 1974). P-values were applied to fish numbers where single
passes or where poor depletions were recorded using reliable p- value
obtained from similar sites (Seber and Le Cren, 1967). This allowed site
densities to be calculated.

A semi-quantitative electrofishing survey methodology, termed “catchment-
wide electrofishing” was used in the Duff and Leannan catchments in October
2007 as water levels had curtailed quantitative sampling efforts earlier in the
year. This technique involved one fishing operative sampling a riffle area
continuously upstream using a single anode backpack for a standard 5 mins
targeting 0+ salmonid fry (Crozier and Kennedy, 1994). No stop nets are
used. The approach is discussed at length in Gargan et al. (2007) and
primarily targets juvenile salmon in riffle areas to reflect adult spawning
success. The exact relationship between fry numbers, adult spawning and
Conservation Limit attainment is being investigated in the context of a major

national assessment.
Data were recorded on standard survey sheets (Appendix 1). All species

recorded within the site together with all relevant physical data and habitat

data were documented.
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Table 4.1. Summary of electrofishing survey programme 2005 to 2007 in

the NRFB Salmon rivers programme

System Year No. sites sampled | No. sites sampled
sampled quantitatively semi-quantitatively

Leannan 2007 19 9

Lackagh 2006 10

Clady 2007 7

Crolly 2007 6

Gweebarra 2006 16

Owenea 2006 14

Glen 2007 19

Eany 2005 19

Eske 2006 9

Duff 2007 3 11

TOTAL 122 20

Historical electrofishing survey data for the Leannan and Lough Melvin
catchments were statistically compared as several of the sites sampled were
repeated. The Leannan catchment was surveyed in 1992 and corresponding
site salmonid densities from 2007 were compared. In Lough Melvin the 1992

and 2000 densities from the same sites were compared.

4.3. Habitat assessment

The aerial survey data enabled the survey to efficiently identify and target
habitat problems for further investigation. Ground assessments were carried
out once the fish density data for the site, or the immediate area, became
available. Specific recommendations were developed by way of a works
programme and additional ground photographs were taken to highlight the
works required. The proposals were reviewed in consulation with senior

NRFB staff and additional areas of concern have been incorporated.
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5. Individual Catchment Report & Habitat Rehabilitation

Each catchment is reported individually, and each report incorporates EPA
biological/water quality assessment, angling catch, salmon redd count and

juvenile assessment data.

An assessment of Conservation Limit (CL) attainment is also presented to
provide an indication of adult salmon abundance. The CL assessment
presented in this report is the annual spawning escapement calculated from

rod exploitation rates as follows:

Annual spawning escapement = (annual total rod catch X
1/estimated national mean rod exploitation rate) — rod catch

retained

Catch and release (c & r) fish are included as part of the annual total rod
catch and are added to the spawning escapement total. For the calculation it
is assumed that ¢ & r fish are not recaptured by anglers. A mean rod
exploitation rate of 16% (minimum 12% and maximum 20%) was applied for
grilse (1SW) fisheries. For the Leannan, which is primarily deemed a spring or
multi-sea-winter (MSW) fishery, the mean value applied was 30% (Johnston,
2003; Youngson et al., 2007) with min — max values of 20 and 40%
respectively. Although other fisheries like the Drowes/Melvin have a
significant MSW component no reliable estimates of the breakdown between
MSW and 1SW was available so the 1 SW spawning escapement was
applied to all other systems reported here. Up to the end of 2007, which was
during the life of this project, CL attainment was presented by the SSC on a
District basis with no discrimination by river. It must be stressed that the CL
attainment assessment presented here is not analogous to the Standing
Scientific Committee CL assessment which is based on multiple inputs from
all of the various factors driving production of recruits in an adult to adult cycle
as derived from adult returns back to the rivers including commercial, angling
and other factors. Regardless of the method of CL attainment calculation a

harvest fishery is only advised where the stock exceeds the CL as shown in

30



the table and images below for 2002 (in green). In all other years this notional

system was under its CL and in many years it was substantially under this key

threshold value. This simplistic model assumes that rod catch reflects stock

levels.
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Rod Catch | Spawning Spawning | Conservation Lower Average Upper
Stock @ Stock @ Limit Attainment | Attainment | Attainment
12 20z of CL = of CL of CL =
Tear exploitation | exploitation
200 o] 208 156 ] 14 20 i
200z 320 247 1280 ] 1% Y 21k
2003 28 205 112 1058 10 15 13
2004 EE 454 254 1085 24 34 44
2005 i o] a2 10gs 2 4 b
2005 127 o ang ] 47 GE BE
2007 140 1027 BEO 1058 51 73 4
Fercent of CL Attainment Fercent above o below CL
150 50
160 []
100 T
140 [:. I_
120 ] C |_ —
- u
B 100 L]
W W
£a -E0 4 N
-] B =]
40 T N n N
100
20 1
o -150
2001 2002 2003 2004 2005 2008 2007 Ri %. CL - 1088
RiverX: CL = 1088 er a: -

To maintain integrity and coherence in each catchment report, any identified

habitat problems and rehabilitation recommendations are also described

below.
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5.1. The Leannan Catchment

5.1.1 Introduction

Up to the 1980s the Leannan was a highly regarded spring salmon angling
fishery. Following the introduction of the new national salmon management
regime and individual river assessment in 2007 the fishery has been closed
for salmon angling. It had not been achieving its Conservation Limit since the
beginning of the decade (Fig. 5.1.1) despite an increased rod catch in recent

years (Fig. 5.1.2).
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Fig. 5.1.1: Plot of MSW salmon spawning escapement for the Leannan

River, expressed as percentage above or below the Conservation Limit
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Fig. 5.1.2: Salmon harvest rod catch data for the Leannan River. No data
were recorded in 2002.

The Leannan River flows from Lough Gartan to Lough Fern before it enters
Lough Swilly at Ramelton. It has a catchment area of 257.7 km?. The
underlying geology is a mix of schist, gneiss, quartzite and granite. The land

cover is mainly pasture and peat bog.

The main tributaries are the Bullaba, Lurgy, Glashagh upper and Glashagh
lower. Sections within each of these are important salmon spawning areas in
addition to the channel immediately downstream of Lough Gartan and other
disparate main channel locations (Fig. 5.1.6). Several sections of the main
channel and some tributaries are listed as SACs under Annex Il of the EU
Habitats Directive, mainly due to the presence of the Freshwater Pearl Mussel

(M. margatritifera).
Salmon redd count data since 1990 (Fig. 5.1.3) shows relatively low redd

counts in recent years apart from a high count in 2007/08. However,

conditions for counting were poor in two of those years.
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NRFB salmon redd counts for the River Leannan 1990 - 2008
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Fig. 5.1.3. Salmon redd count data for the Leannan River. No data for
1992/93 or 2000/01. High water levels resulted in poor counting

efficiency in years with red shading.

5.1.2 Survey results

Nineteen sites were quantitatively surveyed in the Leannan Catchment in
autumn 2007 (Fig. 5.1.6). Quantitative sampling was concentrated on the
tributaries as the main channel water levels were excessively high during this
phase of the survey programme which prohibited accurate sampling.

Juvenile salmon distribution was limited and densities were low in the
Leannan catchment (Figs. 5.1.6 and 5.1.7). Salmon fry or parr were recorded
at 11 of the 19 sites sampled. The highest 0+ densities in the catchment were
recorded in two tributaries of the Bullaba (Appendix 4: Table 1), the principal
spawning channel for the system, but overall juvenile salmon densities were
poor (Figs 5.1.4 and 5.1.5) for fry and parr. Over 50% of the sites sampled
held zero fry densities. Three of the sites where zero fry densities were
recorded were low stream order channels (stream order 1), where that
absence of salmon fry was not unexpected as adult salmon do not generally
spawn in these lesser channels. However, channels with higher stream orders
(3 and 4), where juvenile salmon would have been anticipated, held no
juvenile salmon (Figs. 5.1.6 and 5.1.7). Apart from the Glashagh, none of
these absences were related to the presence of barriers to migration.
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Fig. 5.1.4. Salmon fry density (no./m2) distribution for the Leannan catchment

2007

The Lurgy is one of the prime spawning channels but densities of fry and parr

were very poor. Parr density estimates were, in general, low in the catchment
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Fig. 5.1.5. Salmon parr density distribution for the Leannan catchment

2007

Trout were widely distributed throughout the Leannan catchment. Trout fry
were recorded at every site sampled and parr at 18 of the 19 sampled.
Densities estimates of trout fry varied greatly from high (0.82 fish/m?) to low
(0.04 fish/m?) (Appendix 4: Table 1), and Fig. 5.1.8, and overall trout fry
densities were substantially higher than those of salmon in the key salmon
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spawning catchments, the Bullaba and the Lurgy, indicating that the habitat
was not significantly compromised and was capable of supporting juvenile
salmonids. Trout parr numbers were poor overall (Fig. 5.1.9). Few deep pools
are sampled which probably accounts for the low densities of older trout (Fig
5.1.10).

Eels and three-spined stickleback were recorded at disparate sites and in low

numbers (Appendix 6: Table 1).

The Leannan main channel was electrofished in 2007 when water levels
permitted. It was intended to carry out quantitative electrofishing in the all of
the main channel but extended periods with high water levels precluded this.
However, to assess main channel performance several main channel sites
were sampled semi-quantitatively (using the catchment-wide electrofishing
technique (Gargan et al, 2008)). In total nine sites were surveyed using this
technique (Fig. 5.1.11 & Appendix 5: Table 1) which concentrates on
salmonid fry numbers. Salmon fry abundance was generally satisfactory at
single sites in the main spawning areas on the Bullaba, Lough Gartan outflow
and near the Lurgy/Leannan confluence. However, low numbers were
recorded in a spawning area in the upper Lurgy which supported the

conclusion from the earlier quantitative survey.

5.1.3. Comparisons with 1992 electrofishing survey

In 1992 an electrofishing survey was carried out on the Leannan catchment
(Roche et al, 1994). Survey data from 1992 is presented in Appendix 7.
Densities from sites that corresponded with the 2007 survey were compared
between years. Due to the non-normal distribution of biological data a non-
parametric test (Wilcoxon signed rank test) was carried out using QED
Statistics (Table 5.1.1). No significant difference was found in the densities of

juvenile salmon and trout for the various life stages between the two years.
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Table 5.1.1: Comparison of juvenile salmon and trout density estimates for
comparable sites in 1992 and 2007 on the Leannan catchment using the
Wilcoxon signed rank test (QED Statistics ver 1.1.2.441)

Year Min den T df P r
Salmon 0+ 1992 0.014

2007 0.005 160 8 >0.05 0.38
Salmon >0+ 1992 0.012

007 0.012 0.53 8 >0.05 0.13
Trout 0+ 1992 0.152

2007 0.109 0.105 12 >0.05 0.02
Trout 1+ 1992 0.065

2007 0.042 1.36 12 >0.05 0.27
Trout >1+ 1992 0

2007 0.009 0 7 >0.05 0

5.1.4. Physical habitat assessment and recommendations for
improvements

In the 1960s UDN was identified as a serious problem particularly for salmon
in MSW fisheries in lIreland. It would seem that few stocks have ever
recovered from the effects of this problem. The weir in the lower Leannan at
Watt's Pool has been identified as a factor in allowing disease transfer as
salmon tend to congregate for lengthy periods of time until suitable conditions
for passage arise. This artificial structure should be removed or significantly
modified to allow for rapid escapement of salmon into the wider catchment
and ease the likelihood of disease transfer. This modification is justified under
the EU Water Framework Directive, to improve river continuity, which is one of
the factors involved in restoring water quality to “good status” in all
catchments by 2015. Under the EU Habitats Directive the easement of fish
passage to maximise the “favourable conservation status” of salmon, one of
the primary objectives of the Directive, should also be addressed.

The weir should be replaced by a paired deflector similar to those installed in
the Cathedral Beat in the Moy. These structures restrict the channel but
create attractive salmon lies while affording fish a good opportunity to migrate

unhindered. Angling opportunities are also enhanced by these structures.
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Several habitat problems were identified in the Leannan tributaries which

impair juvenile salmonid production.

Water quality is an issue in parts of the Leannan system and the system.
Problems have occurred periodically in the Lurgy and the Glashagh. Farm
surveys carried out by the NRFB in the Lurgy catchment have also identified
specific problems and this direct approach will assist in ensuring that the risks

of discharges are restricted.

LURGY RIVER

The Lurgy River, one of the prime spawning channels in the Leannan, was
subjected to an arterial drainage scheme possibly 50 to 60 years ago. In
morphological terms the channel has not recovered. Currently the physical
form is largely a riffle/glide sequence with few well defined pools and few
gravel shoals suited to salmon spawning purposes (Plate 5.1). This reach was

drained several decades previously.
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Other habitat problems were observed. Observations suggest serious ongoing
organic pollution problems. The paucity of juvenile salmon, while moderate to
good brown trout populations are present, suggest impaired water quality (Fig.
5.1.12). In January 2008, an example of the type of water quality problem in
this catchment was observed (Plate 5.2) while carrying out general survey
work. The aerial photographic series of the Lurgy River showed that extensive
channel reaches were tunnelled. Ground truthing confirmed that there was
excessive shading in many reaches. A major shrub pruning programme is

required over significant channel lengths in the Lurgy (Figure 5.1.13).

The primary step in this process must be to eliminate the pollution problems.
Two recent major reports (Kelly et al, 2006 and O’Grady and O’Leary, 2007),
relating Q levels to salmonid stock levels in Irish rivers, have shown that once
the Q value is < Q 3/4 it is no longer capable of supporting juvenile salmon.
At Q3 or less trout stocks will collapse. In the case of the Lurgy all of the
survey data point to poor Q values < Q 3/4 as being one factor in limiting

salmon production.
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While tunnelling and morphological imbalances caused by drainage are
clearly depressing stocks there is little point in addressing these difficulties
until the pollution problems are resolved. The second step in the process
would be to address the major shrub tunnelling problem, the extent of which is
illustrated in Figure 5.1.13. Once the shrub pruning programme has been
addressed it will be feasible to measure the extent to which the drainage
programme has caused morphological imbalances and thereafter, design a
programme to address these problems. This is likely to involve the
importation of large quantities of spawning gravels and the construction of
many deflectors and vortex weirs. For the 5.35km of channel involved costs
for this element of the programme will be ca. €107,000. Central Fisheries
Board staff would be pleased to assist the NRFB in designing this project

when it reaches this stage.

BULLABA RIVER

The Bullaba River is an extensive subcatchment and a significant salmon
spawning resource. Excessive bank erosion, probably from overgrazing, is
causing destabilisation of banks, deposition of eroded silt and reduction in

habitat quality.

Plate 5.3. Typical reach of the Bullaba which requires fencing and tree
planting
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To combat erosion and re-establish the banks an extensive fencing and tree
planting programme is required in the upper and middle reaches. A typical
reach in this zone of the Bullaba River is illustrated (Plate 5.3). A tributary to
the Bullaba, the Owenwee River is overgrazed in its lower (300m) reaches —
from the lowermost bridge to its outfall to the Bullaba (Plate 5.4). This reach
should be fenced off and planted but not as a priority as the extent of channel
involved is limited. Compaction of gravels upstream of Reilly’s Bridge on this
system needs to be addressed and would be inexpensively achieved by using

an excavator to turn the gravels in late summer.

GLASHAGH RIVER

The Glashagh is another valuable salmon spawning channel in the Leannan
catchment. Like the Lurgy it was drained in the past and is now also very
heavily tunnelled (Plate 5.5.). A major shrub pruning programme is required
on this channel — details of the extent and location of same is provided in
Figure 5.1.13. This river was also drained, possibly 50 to 60 years ago. It has
not recovered in morphological terms and requires a major physical instream
works programme. The cost of this element of a programme, from

Drumbolloge Bridge downstream to its outfall (4.5km), is estimated at €90 k.
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Plate 5.5. Tunnelling in the Lurgy and Glashagh catchments

Small numbers of juvenile salmon were recorded during the electrofishing
survey in the middle and lower reaches of the Glashagh (Figs. 5.1.6 & 5.1.7,
Appendix 4: Table 1). Densities were poor in comparison to other NRFB rivers
sampled. Juvenile salmon were absent from the uppermost electrofishing site
at Drumbolloge Bridge thus confirming the impassability of a barrier
immediately downstream. The paucity of trout here suggests that there may
be ongoing pollution problems in these reaches. Low EPA Q-values (Q3)

have been recorded in recent years.
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The Glashagh is one of the more problematical subcatchments in terms of
water quality. The NRFB has identified suspended solids from quarrying
operations and unsustainable agricultural practices as contributing to water
quality problems in the catchment. Intensive farming which results in
excessive stock on land with limited carrying capacity, or in slatted units,
generates excessive waste and associated problems. While good progress
has been achieved under the Fisheries Boards/IFA protocol (Anon, 2001) it is
appropriate, with the relatively new environmental regulations being
implemented, particularly emanating from the EU, the WFD, the Habitats
Directive and the Nitrates Directive, which have lead to more enforcement
issues, to advocate direct fisheries input into the grant-aiding process where it
is evident that agricultural operations (e.g. erection and operation of slatted

units) may impinge on water quality, thus impacting on fish.

The most desirable strategy to enhance salmon stocks in the Glashagh
should parallel the programme already outlined for the Lurgy:

* Eliminate water quality problems

* Complete a pruning programme

* Design and implement an instream enhancement programme
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The pruning and rehabilitation programmes should be confined to the channel
downstream of Drumbolloge Br. (middle reaches of Glashagh) to the main

channel of the Leannan.

5.1.5. Conclusions

Juvenile salmon populations in the Leannan catchment, formerly a renowned
spring salmon fishery, and one of the largest salmon systems (by catchment
size) in Ireland, are poor. Comparisons with juvenile densities from other
catchments surveyed over the course of this project highlight that over 50% of
sites quantitatively surveyed held no salmon fry (Fig. 5.1.6). Interestingly, a
similar result was recorded for the Lackagh system, which is also well
regarded as a spring salmon fishery. Both have been closed for salmon
angling since 2007 as both are under their respective Conservation Limits.
Juvenile salmon densities are low but relatively stable, based on a
comparison of current data and a 1992 survey. However, indices such as low
rod catch (2002 to 2006 mean = 89 fish) and the low juvenile densities
highlight a system which is underperforming. Habitat problems have been
identified in the tributaries, but the catchment is capable of supporting higher
densities of juveniles based on the underlying habitat production potential and
the extent of wetted area. Water quality, as indicated by the relevant EPA Q-
values, for the Leannan system varies within the catchment and specific
problem reaches have been identified. Resolution of these problems prior to

initiating any enhancement programme is essential.

One of the primary aims of this project was to identify works programmes for
restoration or enhancement of salmon spawning and nursery habitat. A
comprehensive programme of works has been drawn up for all catchments
and one of the main funding mechanisms for delivery of this work is the
Salmon Conservation Stamp Fund. This funding measure is funded by an
annual contribution from anglers. One of the principle criteria for determining
the suitability of a project for funding is water quality status. Poor water
quality, as has been observed in parts of the Leannan, will influence funding
opportunities, thus impacting on restoration of the potential of the river. The

tenuous presence of M. margaritifera, a slow-growing, long-lived bivalve
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species, protected under the Habitats Directive, with an extremely high
conservation value, will confer additional importance on the requirement to
improve water quality in the catchment. This will also benefit fish, the
intermediate host for this organism, in addition to enhancing the likelihood of

securing funding for fish related habitat works.

The priority for the fisheries manager in this catchment is to ensure that the
freshwater habitat can sustain and be capable of maximizing juvenile salmon
output. Marine survival indices for MSW stocks (ICES, 2008) are low and this
will impact on all MSW fisheries. Apart from curtailing the harvest of MSW fish
in freshwater management cannot directly influence marine survival. In this
scenario, targeted measures to ensure that the freshwater environment is
performing to its potential remain the most cost-effective delivery mechanism

for management.
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Fig. 5.1.12: EPA Q-values for the Leannan catchment

Fig. 5.1.13: Proposed enhancement works for the Leannan catchment - 5.4km
of pruning required on the Lurgy River with 4.9km of pruning on the Glashagh
River, and by 3km of fencing on the Bullaba River.
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5.2. Lackagh Catchment

5.2.1. Introduction

The Lackagh is a spring salmon and grilse fishery which is dominated by two
lakes, Glen Lake and Lough Veagh. Similar to the neighbouring Leannan
catchment the Lackagh has not achieved its conservation limit since the start
of the decade and was closed to all forms of salmon exploitation in 2007 and
2008 (Fig. 5.2.1). Rod catches averaged about 50 fish per annum over the
period up to its closure (Fig. 5.2.2).

The Lackagh River rises in the Derryveagh Mountains of Glenveagh and
passes through Lough Beagh and then Glen Lough before entering the sea
near Drumlackagh (Sheephaven Bay). The Lackagh system drains an area of
126.4km?. The geology is principally granite and land cover is mainly peat bog

and natural grassland.
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Lackagh CL = 1,083 fish

Fig. 5.2.1: Plot of salmon spawning escapement for the Lackagh River,
expressed as percentage above or below the Conservation Limit
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Fig. 5.2.2: Salmon harvest rod catch data for the Lackagh.
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Fig. 5.2.3. Salmon redd count data for the Lackagh system. No data for
1992/93 to 1995/96 or 2000/01. High water levels resulted in poor
counting efficiency in years with red shading.

The Lackagh River is ranked fifty fourth with 0.33% of the national total
accessible salmon fluvial habitat in Ireland (McGinnity et al. 2003).

51



Redd count data for the catchment shows moderate counts in recent years
although data gaps and poor counting conditions in other years may confound

any analysis.

5.2.2. Survey results

The Lackagh is dominated by lakes and the stream network principally
comprises small tributaries flowing directly into the lakes, and three large
channels — the Glen, the Owenacarrow and the River Barra. Ten sites were
quantitatively surveyed in summer 2006 (Fig. 5.2.6). Juvenile salmon were
absent at six sites (60% of all sampled) (Fig. 5.2.4); two of these were above
impassable barriers. Salmon were not widely distributed in the Lackagh
catchment with production being limited to two of the main spawning areas,
the River Barra (main inflowing channel to L. Beagh) and the Glen River
(tributary to Glen Lough). Salmon fry densities were generally high in both
(Fig. 5.2.6 and Appendix 4: Table 2). Salmon parr were more widely
distributed and densities were poor to good (Figs. 5.2.5 and 5.2.7).

Trout were widely distributed in the catchment. Trout fry densities were low to
moderate (Figs. 5.2.8 and 5.2.9). Trout parr were found in good densities at
two sites (Lk3 and Lk4 - Appendix 4: Table 2) and poor to moderate in the
remaining sites. The Lackagh system has an excellent reputation as a sea
trout fishery but no tributary had high trout fry densities (= 1.5 fry/m2) often
associated with a lake tributary.

Eels and stickleback were recorded in the catchment (Appendix 6: Table 2).

Eel distribution was limited to five sites — one of these sites, Lk 9, is upstream

of a barrier impassable to salmonids.
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Fig. 5.2.5. Salmon parr density distribution for the Lackagh catchment
2006

5.2.3 Comparison with 1993 electrofishing survey

The Lackagh catchment was surveyed in 1993 by Boylan and Sheridan
(Appendix 7: Table 2 and Fig. 2). Good agreement was observed between the
results regarding the distribution of high densities of juvenile salmon in 1993
and 2006 with the Glen River and the Owenacarrow River prominent.

However, overall densities were lower in 2006. Boylan and Sheridan recorded
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a wider distribution of juvenile salmon with high densities in the lower reaches
of several first order streams discharging into Lough Beagh and lesser
tributaries throughout the catchment. This suggests that salmon spawning
may have contracted in the catchment which may be a further indication of
poorer adult runs and loss of juvenile production. Higher salmon parr

densities were recorded in 2006.

5.2.4. Physical habitat assessment and recommendations for
improvements

Aerial photography, electrofishing data and an on-site assessment identified a
limited number of potential restoration/enhancement works for this catchment.
EPA Q-value data shows that the catchment has high status with Q values
mainly in the 4-5 range (Fig. 5.2.11 and Appendix 2: Table 2). The River Barra
(also known as the upper Owenacarrow), which discharges into Lough Beagh,
is an almost pristine salmon production entity due to the natural riparian zone
stability and benign land management practices carried out by the National
Parks and Wildlife Service, and requires no remedial or enhancement work.
A major tributary, the Calabber, which joins the Owenacarrow downstream of
Lough Veagh, has some serious bank erosion problems in its upper and
middle reaches, but the channel is largely inaccessible to salmon due to the
presence of two major natural falls. No works are recommended because of
the scale of the problem and the limited physical impact on the lower reaches
where salmon can access. Because of the stability of much of the catchment
and the excellent water quality limited enhancement works are required in the
Lackagh catchment. However, two channels where works are recommended

are:

GLEN RIVER

This is an important salmon spawning tributary and a 400m reach (2 x 200m
zone upstream and downstream of Lagantrean Bridge), previously drained,
and is also tunnelled. Although good densities of salmon fry and parr were
recorded, the combination of these two problems is limiting the quality of this
reach as salmon nursery water. An instream physical enhancement

programme with a shrub pruning element is required. A series of vortex stone
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weirs should be constructed to both provide pool areas and encourage gravel

deposition which would enhance spawning and nursery opportunities.

GLENREARAGH RIVER

A major shrub pruning operation is required in the lower reaches of this
stream which discharges into Glen Lough. In excess of 500m of channel in
the lower reaches require pruning which should significantly improve salmon

parr production which is currently poor (Appendix 4: Table 2 ).

5.2.5. Conclusions

Much of the Lackagh catchment drains an SAC and the aquatic habitat is
stable with few problems observed in the salmon bearing habitat. The
Lackagh catchment is relatively pristine apart from the severely eroded
Calabber River. Water quality based on EPA Q-values has been consistently
high for several decades and good juvenile salmon production occurs in the
prime spawning areas. However, juvenile salmon densities outside the prime
areas are low and the carrying capacity of the catchment is not being fully
realized. The additional available habitat is not being exploited by juvenile
trout, migratory or non-migratory. Another index, adult salmon returns based
on rod catch, is substantially below the catchment Conservation Limit. No
obvious major factor can be identified in freshwater that may be limiting
juvenile production although some works are proposed to improve some
habitat.

Marine survival indices for Southern European MSW stocks remain low
(ICES, 2008) and are considered to be a key factor limiting salmon
production. This stock complex which covers salmon originating from rivers in
Ireland, United Kingdom, France and Spain, is expected to continue to decline
in the short-term. This scenario is likely to result in maintenance of the current
management regime (fishery closure) on the Lackagh, which aims to

conserve and build up stocks.

All works specified for this catchment in previous restoration/enhancement

programmes have been implemented. Water quality is good but fish numbers
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remain below the CL threshold. NRFB has identified a fish counter as a

priority management measure and it will be installed in the short-term.

Like the Leannan, the Lackagh and other MSW systems (where MSW salmon
dominate or comprise a significant proportion of the main escapements of
salmon into the system), deserve special attention. This component of the
Irish salmon stock needs to intensively studied across several geographically
widely distributed catchments to better understand its dynamics in freshwater.
If differences between 1SW and MSW habitat and its ecology are observed,
cogniscence by way of special designation or further regulation of potentially
harmful activities must be afforded to this vulnerable component of Irish

salmon stocks.
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Fig. 5.2.6: Salmon fry distribution and quantitative density estimates
(no./m2) in the Lackagh catchment. Numbers on map represent stream

order and grey line represents spawning areas.
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Fig. 5.2.7: Salmon parr distribution and quantitative density estimates
(no./m2) in the Lackagh catchment. Numbers on map represent stream

order and grey line represents spawning areas.
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Fig. 5.2.8: Trout fry distribution and quantitative density estimates
(no./m2) in the Lackagh catchment. Numbers on map represent stream

order and grey line represents spawning areas.
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Fig. 5.2.9.: Trout parr distribution and quantitative density estimates
(no./m2) in the Lackagh catchment. Numbers on map represent stream

order and grey line represents spawning areas.
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Fig. 5.2.10: Trout adult distribution and quantitative density estimates
(no./m2) in the Lackagh catchment. Numbers on map represent stream

order and grey line represents spawning areas.

Fig. 5.2.11: Plot of EPA Q-values for the Lackagh catchment.
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5.3. The Clady Catchment

5.3.1. Introduction

The Clady River is harnessed for the generation of electricity and the Clady
and neighbouring Crolly systems have been under the management of the
ESB since the 1950’s and the fishery is managed by ESB Fisheries
Conservation. The ESB generating scheme established in the 1950s involved
harnessing the 60 m head between Lough Nacung and the sea by installing a
fixed regulating weir near Gweedore. Water is diverted from the weir via a
3km canal to the generating station situated on the Crolly River which
discharges into the Crolly estuary (Plate 5.3.1.). To compensate for the
diversion of water to the Crolly estuary the ESB allow controlled releases of
water down the Clady main channel on a daily basis, mainly throughout the
summer months. The area around Lough Nacung, Fawnboy bog, has been
designated as a Special Area of Conservation (SAC) under Annex | and Il of
the EU Habitats Directive. A healthy population of the Pearl Mussel
(Margaritifera margaritifera) was observed within the main channel during the

course of fieldwork.

Plate 5.3.1. The Clady catchment showing the diversion canal to the
Crolly (from Moorkens, 2010)

The Clady rises in the Derryveagh Mountains and flows in a westerly direction
through Lough Nacung and Dunlewy Lake, before entering the Gweedore
estuary at Bunbeg. The Clady drains an area of 87.8km?% The geology of the
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catchment is dominated by quartzite and smaller amounts of schist, gneiss
and other silica-rich rocks. The principle land use is peat bog with lesser

amounts of coniferous forest, pasture and mixed forest also present.

The Clady, based on rod catch derived total return to river assessment, has
achieved or often exceeded its salmon Conservation Limit (Fig. 5.3.1) in
recent years. Rod catch statistics suggest that a rod catch of approximately
90 fish per annum (Fig. 5.3.2) will result in the Clady achieving its CL
annually. Current scientific advice, which is very precautionary, is based on a

model which uses a 5 year average.
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Fig. 5.3.1: Plot of salmon spawning escapement for Clady River,
expressed as percentage above or below the Conservation Limit
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Fig. 5.3.2: Salmon harvest rod catch data for the Clady River.

The Clady River is ranked eighty-ninth with 0.16% of the national total fluvial
habitat accessible to salmon (McGinnity et al. 2003; Table 40). The Clady and
Crolly are separated by the Derryveagh Mountains and four impassable
barriers have been identified on channels draining the southern side of the

Clady catchment along this mountain range.

Spawning areas are very discrete in the Clady catchment primarily due to the
presence of the major lakes on the system which define these areas. The
Clady River lower, the Devlin River (upstream of Dunlewy Lake) and the
tributary on the northern shore of Lough Nacung are the key spawning areas.
Consistent redd counts have been observed in recent years with higher
average counts compared to the 1990s (Fig. 5.3.3).
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Fig. 5.3.3. Salmon redd count data for the Clady catchment 1990 to 2008.
No data for 1992/93 or 1996/97. High water levels resulted in poor

counting efficiency in years shaded in red.

5.3.2 Electrofishing survey results

Seven sites were electrofished throughout this catchment in summer 2007.
One main channel site and six sites on five tributaries were assessed (Fig.
5.4.6 and Appendix 4: Table 3). Juvenile salmon were widely distributed
throughout the catchment, being present in six sites electrofished (Figs. 5.4.6
& 5.4.7). In general, good densities of both fry and parr were recorded (Figs.
5.3.4 and 5.3.5) with the highest densities being recorded in the known
spawning areas which include the Clady main channel and the lower Devlin
River. High densities were also recorded in .the Glentoman River. Despite its
apparent production potential no salmon were recorded in the Altmore stream
— the substratum in this channel is largely peat and unsuitable for production.
Juvenile salmon stocking is not carried out by ESB in the Clady catchment

(Doherty pers. comm.).
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Fig. 5.3.4. Salmon fry density distribution for the Clady catchment 2007
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Fig. 5.3.5. Salmon parr density distribution for the Clady catchment 2007

Trout fry densities were low in the Clady catchment overall (Figs. 5.4.7 and
5.4.8 and Appendix 4: Table 3). Trout parr densities were low to moderate.
The low trout fry densities recorded were atypical for this type of lake
dominated catchment where high fry densities are often recorded in minor

channels discharging into lakes.

The only other fish species recorded in the catchment was eels. Their

distribution was limited and numbers were poor (Appendix 6: Table 3).
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5.3.3. Comparison with 1989 electrofishing survey

The Clady catchment was surveyed in 1989 by Gargan and Whelan when
sampling concentrated on the tributary streams (Appendix 7: Table 3 and Fig.
3). In 1990 low densities of salmon fry were recorded in the catchment with
salmon fry limited to the Devlin River and two small tributaries on the northern
shore of Lough Nacung. No comparable sites were sampled but, in general,
salmon fry and parr distribution and densities in the same channels were
substantially higher in 2007. There has been an increase in both salmon fry
(0O+) and parr (1+) densities compared to the 1990 survey. Similar densities
were recorded for trout fry (0+) and parr (1+). In the 1990 survey trout parr
and older parr (trout 21) are reported together.

5.3.4. Physical habitat assessment and recommendation for
improvement

The Clady is relatively stable and few habitat problems were observed from
aerial photography or in the course of surveying. Consistently good water
quality, based on EPA Q-values (Fig. 5.4.11 and Appendix 2: Table 3), is a
feature of this catchment. The sole focus of the rehabilitation programme for
the Clady is the lower reaches of the Devlin River where it discharges into the
regulated Dunlewey Lake. The channel reach, immediately upstream of
Dunlewey Lake (Plate 5.3.1.), is a one of the three identified salmon spawning
and nursery areas in the catchment and currently supports moderate to good

juvenile salmon stocks (Figs. 5.4.6 and 5.4.7 and Appendix 4: Table 3).

Lake water levels greatly influence activity in this part of the catchment. The
riparian area in the lower reaches of the inflow provides prime grazing area,
due to regular inundation and deposition, which is heavily grazed by deer and
domestic livestock. Prolonged high water levels diminish grazing opportunities
and can limit spawning opportunities. Working with NRFB the ESB manages
water levels to ensure moderate water levels during the spawning period so
that spawning can occur in this particular reach. The lake is also a productive
salmon rod fishery where anglers can be diverted to when water levels are

low in the river fishery. For this reason maintenance of good juvenile
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production levels to ensure good adult returns to the lake is important to the

rod fishery in the catchment as a whole.

Bank erosion due to overgrazing in this zone is excessive and will lead to the
formation of a braided channel. It is not feasible to fence off this particular
area — the periodic rise and fall in this regulated lake floods this area
episodically thereby preventing construction of a long-term viable fence.
Consideration should be given to compensating the landowner/s to
permanently remove all livestock from this area (within the red dashed line
area in Plate 5.3.1). Subsequently a riparian tree planting programme could
be undertaken and general bankside vegetation recovery would occur

naturally.

As this area does not constitute the primary spawning area in the catchment
(Kelly pers. comm.) - the majority of spawning occurs in the river below the
weir on Lough Nacung - the rehabilitation option should not be regarded as
high priority. The Devlin has been subject to this meandering, changing
regime since regulation began in the 1950s. However, water level fluctuation
in the Devlin River should be monitored and a formal agreement should be
agreed with ESB to guarantee appropriate water level /discharges ensure that
fish passage at the dam and water levels during the spawning period are

appropriate to sustain adequate spawning levels.
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5.3.5. Conclusions

Good water and habitat quality are features of the Clady catchment. The
system is consistently achieving its CL and has provided reliable salmon
angling for anglers up to 2007. Juvenile salmon densities were substantially
higher in 2007 than those recorded in 1989. Salmon parr densities were
extremely high at most sites. The Clady, despite being regulated for
hydropower generation, has a self-sustaining salmon population and is
performing well. One habitat problem, in an important spawning and nursery
channel, the lower reaches of the Devlin River, requires an innovative solution
to stabilize an extensive gravel-laden, mobile river mouth. However, it should
not be considered a priority measure as the system is performing satisfactorily

in terms of salmon production.
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5.4. The Crolly (Gweedore) Catchment

5.4.1. Introduction

The fishing rights for salmon and sea-trout in this system is under the
management of the ESB. The Crolly catchment is primarily a grilse
catchment. Apart from 2002 the Crolly has been under its CL each year since
2003 (Fig. 5.4.1) and was closed to angling in 2007 and 2008.
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Fig. 5.4.1: Plot of salmon spawning escapement for Crolly River,

expressed as percentage above or below the Conservation Limit

The Crolly catchment drains an area of 59.2km?; it has one large lake - Lough
Anure. The Crolly or Gweedore main channel flows in a northerly direction
entering the sea at Gweedore Bay. The geology of the Crolly catchment is
granite, felsite and other intrusive rocks rich in silica. The land use is mainly
peat bog, moors, heath land and pasture. The Crolly (Gweedore River) was
ranked 111" of 173 national salmon catchments and accounts for 0.1% of the

total national fluvial habitat accessible to salmon (McGinnity et al. 2003).
Salmon redd count data on the Crolly are incomplete but show a substantial

improvement in the past two spawning seasons following a steady decline in
the early part of this decade (Fig. 5.4.3).
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No salmon stocking is carried out by ESB in the Crolly catchment (D. Doherty,

pers. comm.)

Gweedore (Crolly) River

70
60
50
40
30
20
10

Rod Catch

2001 2002 2003 2004 2005 2006

Year

Fig. 5.4.2: Salmon harvest rod catch data for the Crolly/Gweedore River.
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Fig. 5.4.3. Salmon redd count data for the Crolly catchment 1990 to 2008.
No data for 1990/91, 1992 to 1993 and 2001/2002. High water levels
resulted in poor counting efficiency in years with red shading.

5.4.2. Electrofishing survey results
Six sites in the Crolly system were surveyed during the summer of 2007 (Fig.
5.4.6). The survey was limited as road access to much of the catchment is

poor.

69



Fish species were recorded including juvenile salmon, trout, sea trout, eels
and minnow. Juvenile salmon were recorded at all sites except Site Cr 1 (L.
Keel outflow) (Appendix 4: Table 4).

Good densities of salmon fry were recorded at two of the three sites sampled
on the Owenator, the main spawning tributary, but densities were poor in the
other site located in the upper reaches and the remainder of the catchment
(Figs. 5.4.6). Salmon parr densities were also high in the Owenator
highlighting its spawning and nursery significance in the catchment as a whole
(Fig. 5.4.7).
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Fig. 5.4.4. Salmon fry density distribution for the Crolly catchment 2007
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Fig. 5.4.5. Salmon parr density distribution for the Crolly catchment 2007
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The salmon fry and parr density distributions (Figs. 5.4.4 and 5.4.5)
emphasise the importance of the Owenator River which account for virtually
all of the higher values in the distributions.

Although present at all sites, trout densities were generally low in the Crolly
catchment (Figs. 5.4.8 and 5.4.9). A small number of older trout (>1+) (Fig.
5.4.10) and small numbers of sea trout were also encountered.

Eels were recorded at three sites and numbers were low. A high abundance
of minnow was observed in the lower reaches of the Owenator River and in

another tributary to Lough Anure (Appendix 6: Table 4).

5.4.3. Physical habitat assessment and recommendations for
improvements

No obvious physical habitat problems were observed in the Crolly catchment
over the course of this survey. EPA Q value data for the Crolly catchment
show a good rating of 4-5 (Fig. 5.4.11 & Appendix 2: Table 4) for the majority
of the catchment. However, the Keel Lough outflow has some serious water
quality problems with low values recorded consistently since the late 1990s.
Dead trout were observed a short distance downstream of the water treatment
plant in the course of the electrofishing survey in this catchment and few live
fish were recorded (Plate 5.4.1.). It is likely that discharges from the water
treatment plant are causing periodic and significant pollution problems which

require attention.
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Plate 5.4.1. Middle reaches of Keel Lough outflow

5.4.4. Conclusions

Comparisons with rod catches from the other rivers assessed during this
study show that the Crolly has the lowest rod catch which is a linked its small
catchment size. However, it has consistently failed to meet its CL in recent
years. One tributary, the Owenator dominates salmon production in the
catchment and no obvious habitat problems were identified. Water quality
may be an issue in one tributary but it is unlikely to be impacting significantly
on the catchment. One possible influencing factor is the regular discharges to
the estuary of Clady River water which may deter or confound salmon
produced in the Crolly from re-entering the system. Stocking carried out by
the ESB in previous decades may also have contributed to the decline of the
native stock which may have become diluted by introgression with hatchery
reared fish. Detailed genetic stock identification studies would assist in

defining the problem.
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Clady & Crolly Catchments
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Fig. 5.4.6: Salmon fry distribution and quantitative density estimates
(no./m2) in the Clady & Crolly catchments. Numbers on map represent

stream order and grey line represents spawning areas.
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Fig. 5.4.7: Salmon parr distribution and quantitative density estimates
(no./m2) in the Clady and Crolly catchments. Numbers on map represent

stream order and grey line represents spawning areas.
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Fig. 5.4.8: Trout fry distribution and quantitative density estimates

(no./m2) in the Clady & Crolly catchments. Numbers on map represent

stream order and grey line represents spawning areas.
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Fig. 5.4.9: Trout parr distribution and quantitative density estimates

(no./m2) in the Clady & Crolly catchments. Numbers on map represent

stream order and grey line represents spawning areas.
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Fig. 5.4.10: Trout adult distribution and quantitative density estimates
(no./m2) in the Clady & Crolly catchments. Numbers on map represent

stream order and grey line represents spawning areas.

Fig. 5.4.11: EPA Q-values for the Clady and Crolly catchments.
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5.5. The Gweebarra catchment

5.5.1. Introduction

Regarded by anglers as one of the best salmon rivers in Donegal, the
Gweebarra River flows through a remote valley and has poor angler access. It
rises in the Glendowan Mountains and flows in a southwesterly direction into
Gweebarra Bay. Draining a catchment area of 148.4km? the system has one
large lake, Lough Barra, which can offer some reasonable angling
periodically. The Gweebarra River is ranked sixty eight in terms of accessible
fluvial salmon habitat comprising 0.22% of the national total (McGinnity et al.
2003). Granite dominates the geology and the principle land cover is peat
bog. Much of the catchment has been designated an SAC and NHA under
Annex | and Il of the Habitats Directive.

Percent above or below CL

120 =
100

% of CL
NP O

OO0 O

-

-20 i
-40 L
-60

2004
2005
2006
2007
2008

Gweebarra CL =445 fish

Fig. 5.5.1: Plot of salmon spawning escapement for the Gweebarra

River, expressed as percentage above or below the Conservation Limit
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Fig. 5.5.2.: Salmon rod catch data for the Gweebarra River

Since the early part of the decade the Gweebarra has generally achieved its
Conservation Limit (Fig. 5.5.1) with good surpluses in 2004, 2006 and 2007
reflecting good rod catches in those years (Fig. 5.5.2). Reduced effort in 2008
due to a local dispute is likely to have impacted on overall catch rates and
may not accurately reflect actual escapement.
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Flg 5.5.3. Redd count data for the Gweebarra. Red shading = poor counting efficiency
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One of the highest ever redd counts in the Letterkenny District was recorded
in 1998/99 spawning season in the Gweebarra (Fig. 5.5.3). Counts in
subsequent years have never exceeded this total but a count of 200 redds is

achieved regularly even under poor counting conditions.

5.5.2. Electrofishing survey results

Sixteen sites were surveyed in the Gweebarra catchment in summer 2006
(Fig. 5.5.6). Low conductivity (< 50 w S/cm) values, particularly in larger
sampling sites like the main channel, may have resulted in underestimation of

juvenile densities due to inefficient electrofishing.

Juvenile salmon were widespread in the Gweebarra catchment and were
recorded in all but four sites (Gw4, Gw5, Gw7 & GW10) (Figs. 5.5.6 and
5.5.7). Gw5 and Gw7 were located upstream of impassible barriers and sites
Gw4 and GW 10 are in headwaters at the extremity of the catchment.
Interestingly, juvenile salmon (fry and parr) were recorded upstream of a
barrier deemed impassable on the Owenree, which indicates that the barrier
is consistently passable. Salmon fry density estimates ranged between 1.08
and 0.02 fish/m? with the majority of sites having moderate densities (Fig.
5.5.4 and Appendix 4: Table 5). The Glenleheen stream was the exception
and high salmon densities were a feature of this subcatchment. The data
showed that the Glenleheen, the lower reaches of the Owenree and the River
Barra lower (Lough Barra inflow) were the important production units in the
catchment. However, despite recording lower densities, the main channel is a
very important production unit because of its total productive area. The high
salmon parr densities (> 0.1 m2) recorded at the majority of sites sampled
(Fig. 5.5.5) emphasise the capacity of the Gweebarra system to produce

salmon.
The modal length value for salmon fry was 4cm and salmon parr were 7cm

(Section 6.7). Parr in this catchment were small by typical Irish standards and
reflect the low alkalinity, as proxied by conductivity, in the catchment.
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Fig.5.5.4. Salmon fry density distribution for the Gweebarra catchment
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Fig. 5.5.5. Salmon parr density distribution for the Gweebarra catchment

2006

Trout were well distributed throughout the catchment. However, densities
were generally poor at all life stages (Figs 5.5.8, 5.5.9 and 5.5.10) and the
Gweebarra was dominated by juvenile salmon. Eels were reasonably well
distributed being present at 13 of the 16 Gweebarra survey sites (Appendix 6:

Table 5).
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5.5.3. Physical habitat assessment and recommendations for
improvements

Several potential habitat issues were identified from aerial photography,
electrofishing and subsequent on-the-ground assessment. Three EPA Q-
value water quality classifications, from high to moderate, are reported for the
catchment (Fig. 5.5.11). High status was observed for the Owenwee and the
main channel upstream of Lough Barra. The Glenleheen has good status and
is impaired physically. One section of the main channel upstream of the
confluence with the Glenleheen has moderate status. The deviation from high
status was unexpected given the remoteness of this catchment but some
physical works should assist in restoring it to high status throughout thus
assisting salmon production. Two channels require some physical intervention

— the River Barra and the Glenleheen.

RIVER BARRA

This is one of the prime salmon spawning units in this catchment. Artificially
high levels of erosion are evident in the reach of the River Barra immediately
upstream of Lough Barra because of overgrazing and bank trampling by
livestock. The large deposit of sand in Lough Barra at the outfall of this river
illustrates the high level of erosion (Plate 5.5.1). A large scale bank
revetment project is recommended, using logs, coniferous tree tops and root
wads in the bank, from the lake upstream towards the first road bridge and
also in the lower reaches of the tributary which discharges to the right bank of
this reach (Plate 5.5.2 and Fig. 5.5.6.). The upper part of this reach has a
significantly higher gradient and is equally disturbed in morphological terms.
The use of stone rip rap as a bank revetment option is more appropriate to
ensure bank stability in a more extreme situation. A series of vortex weirs,
circa 5 channel widths in distance apart, require to be constructed at this point
primarily to dissipate the energy of flow in this steep channel. Although
salmon parr densities were high, salmon fry densities were moderate. Greater

instream stability would assist in maximising salmon output from this channel.
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Plate 5.5.1. Upper Barra River discharging to Lough Barra

PLATE 5.5.2. Upper Barra River rehabilitation works
Compaction of gravels has also been identified as an issue and a gravel
tossing programme is merited. This can be achieved easily by a trained

operator using a hydraulic machine in late summer after salmonid fry have
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become sufficiently large to evade instream works activity. Although fencing
and bank revetment is required to stabilise the highly erosive areas gravel
recruitment from the ongoing natural erosion should be allowed to continue
given that the channel remains very productive for spawning as evidenced by

good redd counts (Kelly pers. comm) and generally high juvenile densities.

GLENLEHEEN RIVER

This channel was the most productive salmon fry unit in the Gweebarra
catchment. Salmon parr production was also high. The lower reaches drain
productive reclaimed agricultural land and the riparian zone is badly affected
by bank erosion (Plate 5.5.3). Production could be improved through a works
programme in the Glenleheen downstream of Glenleheen Bridge. The
channel has been drained, the riparian zone has been completely denuded of
vegetation and the effects of bank trampling by sheep was observed. A

programme of works would include:

* Fencing out stock

* Planting with deciduous trees

* An instream works programme involving the construction of
lateral scour pools on bends and vortex stone weirs at gradient

breakpoints on straight reaches
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5.5.4. Conclusions

Rod catches and generally high CL attainment levels characterize this
system. Although water quality is not pristine, which could reasonably be
expected in a remote catchment like the Gweebarra, juvenile salmon densities
were very satisfactory, particularly in the known salmon spawning areas.
Salmon parr densities were consistently high where juvenile salmon were

recorded.

Sections of the two prime spawning channels, the L. Barra inflow and the
Glenleheen River, are compromised in terms of habitat degradation and
require substantive remedial works to maximize all potential production in

freshwater.
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Fig. 5.5.11: Plot of EPA Q-values for the Gweebarra catchment
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5.6. The Owenea Catchment

5.6.1. Introduction

The Owenea is an extremely productive fishery which regularly produces 300
salmon to the rod (Fig. 5.6.2). Access and infrastructure are excellent and the
NRFB have operated a fishery management regime for many years.

The upper catchment is dotted with small lakes, the main one being Lough
Ea. It has two major tributaries, the Shallogen and Stracashel Rivers. The
main river flows in a southwesterly direction entering the sea north of Ardara
at Loughros Bay. It has a catchment area of 126.4km? and the principle
geology is schist, gneiss and quartzite. The dominant land cover is peat bog,

pasture with some pasture following the river valley.

Percent above or below CL

BT I T

% of CL

2003
2004
2005
2006
2007

Owenea CL = 1712 fish

Fig. 5.6.1: Plot of salmon spawning escapement for the Owenea River,

expressed as percentage above or below the Conservation Limit

The Owenea River is ranked at 33 of 173 catchments, accounting for 0.55%
of the national fluvial habitat accessible to salmon, and is the third highest
ranked catchment in terms of accessible habitat in the Ballyshannon and
Letterkenny Fisheries Districts. Although the salmon rod catch has declined in
recent years (Fig. 54) (which may, in part, be due to catch restrictions) the
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Owenea catchment has comfortably achieved its Conservation Limit since the

river-specific salmon management system was imposed in 2007 (Fig. 5.6.2).
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Fig. 5.6.2: Rod catch data for the Owenea River.

The Owenea has the greatest extent of salmon spawning of the eleven
systems surveyed with extensive lengths of suitable channel throughout the
lower and middle catchment. Between 1990 and 2008 the total redd count for
the Owenea accounted for 25% on average of the Letterkenny District total
(range 10 — 40%). Counts peaked in the mid to late 1990s and in recent years
counts have only been about 50% of those recorded in the peak years
suggesting a substantial decline in salmon escapement. However, the high
densities of juvenile salmon throughout much of the catchment indicate very
satisfactory levels of salmon production in the system which does not support

the redd count trend.
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NRFB salmon redd counts for the Owenea 1990 - 2008
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Fig. 5.6.3. Salmon redd count data for the Clady catchment 1990 to 2008.
No data for 1992/93 or 1996/97. High water levels resulted in poor

counting efficiency in years are shaded in red.

5.6.2. Electrofishing results

Fourteen sites were surveyed in the Owenea catchment in summer 2006 (Fig.
5.6.6). Juvenile salmon were recorded at 12 sites; one absence (Ow 13) was
due to an impassable natural barrier (Owengarve river) while the remaining
site, Ow2, was in an apparently accessible site in the middle reaches of the
Stracashel River (Appendix 4: Table 6). Apart from the sites where zero
densities were recorded, salmon fry and parr densities were exceptionally
high at virtually all sites in the catchment and amongst the highest recorded

over the period of the entire survey (Figs. 5.6.6 & 5.6.7).

There is an abundance of quality salmon spawning areas in the Owenea
catchment. The extensive Stracashel/Shallogen complex and the upper and
middle reaches of the Owenea are extremely productive for salmon fry.
Nursery habitat quality in these channels is also excellent. The quality of the
habitat and good adult spawning escapement is reflected in the salmon
density distributions in Figs. 5.6.4 and 5.6.5 which are tending to the highest

values in both.
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Fig. 5.6.4. Salmon fry density distribution for the Owenea catchment
2006
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Fig. 5.6.5. Salmon parr density distribution for the Owenea catchment
2006

Trout were well distributed throughout the catchment but trout fry densities
were low. Trout parr densities were moderate to poor (Figs. 5.6.8 & 5.6.9).
The highest juvenile trout densities were in the extremities of the catchment
which are less favoured by salmon and interspecific competition between

salmon and trout is consequently reduced.

A small number of sea trout were also encountered. Other fish species

recorded included eels and lamprey (Appendix 6: Table 6).
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5.6.3. Comparison with previous survey

Total juvenile salmon densities (fry and parr) ranging from 0.3 to 0.36
salmon/m2 in the Stracashel and 0.02 to 0.2 salmon/m2 in the upper Owenea
main channel were recorded by Mc Carthy (1972) at 3 sites in successive
summers between 1968-1970 (Appendix 7: Table 4 & Fig. 4). Although the
historical data are scant it is evident that the substantially higher densities of
salmon and trout recorded during the current survey indicate a major
improvement in production since that time. Sampling effort was a single
electrofishing unit when this earlier study was carried out and this may have

resulted in relatively low densities being recorded.

5.6.4. Physical habitat assessment and recommendations for
improvements

The Owenea is a prime salmon fishery which has the greatest extent of
spawning channel of all the channels surveyed over the course of this project.
Water quality based on EPA Q-values show high and good status (> Q 4)
prevail but poor status was observed for the lower Striate and this has been a
feature of this part of the catchment in the past five years (Fig. 5.6.11 &
Appendix 2: Table 6). Several discrete habitat problems were identified and
recommendations to alleviate these are presented below:

OWENEA main channel

1. In the main Owenea channel excessive bank erosion is evident at
intervals over a 6.2km length of channel (Figure 5.6.12 — aerial
photography shows extensive examples of this erosion). This should
be addressed by fencing out stock. A secure fencing programme at
this location, without additional revetment works, should be adequate
to address this problem. An illustration of the extent of bank erosion in
this particular reach is provided (Plate 5.6.1).

2. In the middle reaches of the Owenea channel, upstream of its
confluence with the Stracashel River, there are lengthy reaches with a
uniform sandy bed devoid of aquatic vegetation. Some of these zones
could be enhanced, to improve salmon parr carrying capacity by

providing rubble mats at intervals. An example of one such typical

91



reach is provided (Plate 5.6.2). In the same channel zone masonry
from an old bridge which has fallen into the channel has formed an
ideal rubble mat with the stones being heavily colonised by aquatic
mosses — forming ideal juvenile salmon habitat (Plate 5.6.3).
Extremely high salmon fry and parr densities were recorded in reaches
upstream of this zone suggesting that large numbers of juvenile salmon
are available to recruit into new rubble mat areas downstream.

Given the novel nature of this proposal it is recommended that NRFB
initially construct a small number of rubble mats (6) and monitor their
effectiveness in relation to maximising juvenile salmon production.
After four years of monitoring their relative effectiveness will be evident.
Subsequently an assessment of cost effectiveness can be made and a
broader programme of works could be undertaken assuming that the
returns from the investment are considered viable.

Broken quarried rock, where the individual pieces would be 20cm to
25cm in diameter, are ideal stone to construct rubble mats in this
channel. Angular broken rock pieces “lock together” better than round
cobbles and are less vulnerable to flushing in flood flows.

The aerial photographic series suggested that some reaches of the
Owenea, in the vicinity of McDevitts Bridge, were tunnelled. A visual
examination of the channel, at low flows in wintertime, found
substantial aquatic moss colonies on the boulders and stable cobbles
despite the heavy tree cover (Plate 5.6.4) indicating no tunnelling

impact.
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STRACASHEL RIVER (OWENEA TRIBUTARY)

The Stracashel is an extensive spawning and nursery tributary which includes
the Shallogen River. No major enhancement works are recommended for the
Stracashel main channel as the channel is very stable and juvenile production

is excellent where the habitat is suitable.

No juvenile salmon were recorded in the uppermost site on this subcatchment
which indicates that one of a series of bed rock cascades, downstream of the

site (near Graffy Bridge), is impassable to adult salmon.

In the middle reaches approximately 3 km of the Stracashel has a very low
gradient as it traverses a flat valley floor (Plate 5.6.4) and has no

enhancement potential.

Aerial photography shows that a 2km reach upstream of the Mink Farm
requires fencing to maintain bank integrity (detailed fencing requirements are
illustrated in Figure 5.6.12).

THE SHALLOGEN STREAM

This channel, a tributary of the Stracashel River, is a very important salmon
spawning and nursery unit — some of the highest salmon fry densities
recorded in all of the NRFB rivers surveyed over the course of this project
were noted in this channel (> 1.0/m?). However, the upper reaches of this
tributary are currently the most physically unstable channel of the systems
surveyed. As a result salmon parr production levels are lower than would be

anticipated in a productive stable channel.

The aerial photography series illustrates the degree and extent of the physical
instability. The river is unstable from the point where it reaches the valley
floor (upstream of the Ruadan plant) in its upper reaches continuing
downstream for approximately 2 km. The B type channel (Rosgen, 1994) in
the headwaters drain a very steep mountain valley (Plate 5.6.5). The channel
is unstable, having altered its course on numerous occasions in recent

centuries. This instability has clearly been exacerbated by the drainage of
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the mountainside to accommodate afforestation programmes. Such drainage
systems accelerate flood flows, increase erosion levels and contribute to the

physical instability in the valley downstream.

The extent of this gross instability is clearly evident (Plate 5.6.6) - as the river
reaches the valley floor the gravel load is deposited resulting in the creation of
a braided channel which will change its form after every flood event. From
this point downstream for 2 km this channel is extremely unstable. In time,
unless corrected this serious instability could extend downstream into the
Stracashel. There is evidence of this occurring in the middle reaches

presently (Plate 5.6.7).
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Plate 5.6.6. Extensive erosion and deposition in the upper Shallogen

River — at rear of Ruadan Teo.

The following schedule is proposed to restore stability to the Shallogen

thereby significantly increasing salmon parr production:

97



Construct a large gravel trap in the channel where the River
Sruhanacrow enters the flood plain (Plate 5.6.6). This trap will capture
a major portion of the mobile substratum in one location where it can
be removed periodically. Removing this material will assist in stabilising
the channel downstream by limiting excessive mobile substrate
recruitment thus limiting the likelihood of further consequential erosion.
It will be essential that this trap is well maintained and regularly
serviced to ensure its functionality.  The channel upstream of the
proposed trap is very steep, braided and probably of very little value as
either a salmon spawning or nursery channel. Therefore, fish passage

through the gravel trap does not need to be accommodated.

Following (i) above the river channel downstream should be allowed to
stabilise for a three to four year period. Thereafter a substantial bank
revetment/fencing/planting programme should be drawn up.  This
cannot be done presently due to the major bed sediment movement
and the uncertainty regarding the likely channel flow regime. The exact
restoration requirements will become more evident, easier to cost and
implement once sediment movement has been restored to normal

levels.

5.6.5. Conclusions

The Owenea is a prime grilse fishery which is managed by the NRFB. With a

high rod catch and exceedence of its CL it is a consistent fishery. The

Owenea and its extensive subcatchments have extensive spawning and

nursery areas and the catchment is well populated with juvenile salmon. Very

high densities of salmon fry and parr were recorded at the majority of sites

sampled — the Owenea was the most productive catchment for juvenile

salmon over the course of this study.

Two previously undocumented impassable barriers were identified and these

will be reported to the Standing Scientific Committee as this will impact on the

calculation of wetted area thus reducing the CL for the system.
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Several highly specific habitat problems were identified. Erosion in the main
channel requires attention but the most significant problem is the erosion and
substrate mobility in the uppermost reaches of the Shallogan. Stabilisation of
this productive habitat is a priority to secure this channel and further enhance
its production levels. The programme for this reach (2 km) entails installation

of a gravel trap which will require regular maintenance to be effective.
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Fig. 5.6.11: Plot of EPA Q-values for the Owenea catchment.
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Fig. 5.6.12. Plot of the proposed fencing for the Owenea catchment with
3.5km of fencing required.
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5.7. Glen & Owenwee Catchments

5.7.1. Introduction

The Glen and the Owenwee were regarded as discrete catchments in the
wetted area report (Mc Ginnitty et al, 2003) because both discharge
independently into the upper part of the estuary near Teelin. Both are
productive grilse fisheries which differ physically. The Owenwee is a short,
cascading spate river, with some pools, which drains several small lakes. In
contrast, the Glen is a relatively large river, which flows through an exposed
productive moorland valley over a moderate gradient, with many large pools.
Its main tributaries, the Owenteskiny and the Crow Rivers are high gradient,
boulder-dominated channels. In 2009 the Owenwee River was reclassified by
the SSC and is now regarded as a tributary of the Glen system (SSC, 2009.).

The Glen River system rises in the mountains of Slevetooey and Crockuna
and flows in a southerly direction entering the sea near the village of Carrick.
The Glen catchment has an area of 123.2km? The dominant geology is
schist, gneiss and quartzite. The land cover is mainly peat bog with some
pasture and natural vegetation. Large sections of this catchment have been

designated as NHA due to its habitat type and flora and fauna.

The Glen River is ranked 56 of 173 salmon rivers accounting for 0.32% of the
national total of accessible fluvial salmon habitat (McGinnity et al. 2003; Table
40) and is ranked 10" of all salmon rivers in the Ballyshannon and
Letterkenny Districts. Rod catch has been decreasing since 2002 (Fig. 44) but
has leveled off in recent years averaging approximately 100 per annum. The

Glen catchment has not reached its conservation limit since 2002.

No rod catch has been attributed to the Owenwee since catch data have been
assigned on an individual basis. Consequently it has been closed to angling.
This may be an artifact of non-reporting or a failure by anglers to identify the
Owenwee as a separate system with a requirement for some means of stock

assessment.
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NRFB salmon redd counts for the Glen River 1990 - 2008
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Fig. 5.7.3. Salmon redd count data for the Glen catchment 1990 to 2008.

No data available for periods with zero counts.

Low salmon redd counts (Fig. 5.7.3) are a feature of the Glen River and no

specific redd count data are available for the Owenwee.

5.7.2. Electrofishing results

In summer 2007, a total of 19 sites were surveyed in the Glen and Owenwee
catchments combined (Fig. 5.7.6). Salmon were widely distributed throughout
the catchments extending into the uppermost reaches of each major tributary
(= stream order 3) up to the three identified natural barriers on these systems
(Figs. 5.7.6 and 5.7.7). No salmon were recorded at four sites — all were
situated above these barriers. The widespread presence of salmon fry
throughout showed that adult salmon are accessing the Glen and Owenwee
catchments up to the limit of the accessible habitat. It also suggests that the
spawning areas are more extensive than the currently identified segments of
the main channels of both catchments. Spawning is likely to be more
widespread, possibly in isolated pockets of gravel throughout the catchments
and this may account for the relatively low and fluctuating redd counts over
the past two decades (Fig. 5.7.3). Overall, the majority of salmon fry densities

were in the moderate to high range, although low densities were recorded in a
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small number of sites (Fig. 5.7.4.) Salmon parr were not as widely distributed
as salmon fry, being restricted to the middle and lower reaches of the
tributaries and the main channel, where suitable habitat - shallow pools and
glides - was available. Densities of parr were generally moderate to high
(Appendix 4: Table 7 and Fig. 5.7.5).

Glen/Owenwee (n = 23)
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Fig. 5.7.4. Salmon fry density distribution for the Glen/Owenwee
catchment 2007

Trout fry and parr were recorded at virtually every site in the two catchments.
Trout fry densities were generally low (< 0.1 m2), with the exception of a high
density (0.69/m2) recorded from a tributary flowing into Lougheraherk lake,
situated at the top of the Glen system. High trout fry densities are often a
feature of such tributaries, where the lake stream network may be limited.

Trout parr densities were generally low with few exceptions.

Approximately 0.5km downstream of Lougheraherk, in the uppermost reaches
of the Glen River a natural rock sill, immediately downstream of a minor road
bridge, forms an impassable barrier for migrating salmon. Historically sea
trout are known to have ascended these falls and migrate upstream to the
lake (Boylan and Sheridan 1994).
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Fig. 5.7.5. Salmon parr density distribution for the Glen/Owenwee
catchment 2007

Eels were recorded at 8 of the 19 sites sampled in the Glen and Owenwee
catchments. Eel distribution was limited to sites in the lower reaches of the
Owenwee, the Crow River and the middle and lower reaches of the Glen main
channel (Appendix 6: Table 7). This is typical of the expected distribution

pattern for eels.

EPA Q-values indicated good water quality in the Crow and Owenteskinny
Rivers, while unsatisfactory conditions were noted for the lower Glen main
channel ( Appendix 2: Table 7 & Fig. 5.7.11).

The Glen catchment was surveyed in 1993 by Boylan and Sheridan and in
general salmon fry (0+) and parr (1+) densities were higher in 2007 (Appendix
7). However, trout fry (0O+), parr & greater (=1) showed an overall decrease in

densities.

5.7.4. Physical habitat assessment and recommendations for
improvements

The Glen catchment has two relatively large tributary subcatchments — the
Owenteskiny and the Crow. Electro fishing data indicated that the entire main

stem and the two major tributaries and the Owenwee are important in terms of
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providing salmon spawning and nursery zones. Survey data indicated

specific problems in defined areas of each of these channels.

Water quality, based on EPA Q value data, is likely to be compromising
juvenile salmon production with much of the main channel affected. This
ongoing situation has to be resolved to ensure maximum benefit arising from

any enhancement works that may be undertaken.

GLEN RIVER (MAIN CHANNEL)

An extensive reach (3.5 km) in the lower main stem of the Glen River, from
Meenaneary downstream almost to Arddrin, was drained several decades
ago. Aerial photograph (Plate 5.7.1) shows a typical zone within this reach
characterised by drainage embankments, the absence of a balanced riparian

zone and the unnatural uniform nature of the channel.

Plate 5.7.1. Glen River main channel d/s Meenaneary. Channel was
drained as evidenced by straightened channel and low embankments

A major physical instream works programme would benefit this channel from
a salmon spawning, nursery and angling perspective. The construction of
alternating and paired stone deflectors and vortex weirs, together with
installation of random boulders and spawning gravels, would significantly
enhance this channel reach in spawning, nursery and angling terms. A tree

planting programme is also recommended. A substantial increase in smolt
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production is feasible based on the current parr production levels together

with a significant increase in the angling value of this section.

Although the main channel of the Glen has been drained it is not maintained
by the Office of Public Works and does not come under their remit.
Consequently the onus will rest on NRFB to carry out any habitat

rehabilitation work.

The lower reaches of the river, particularly the Salmon Leap, are heavily
targeted by anglers and produce the majority of salmon to the rod.
Consideration should be given to ponding out the falls to improve escapement
at this particular fish bottleneck where exploitation can be particularly heavy.
Boylan and Sheridan (1994) previously identified this as a priority action for

the catchment.

Poor water quality from the fish processing plant in the middle reaches of the
main channel (Appendix 2) was a problem some 10 years ago in the Glen
catchment. The installation of a treatment plant has had a very positive effect
on water quality and salmon are observed spawning in the vicinity of the plant
(Mc Cafferty pers. comm.). High suspended solids arising from quarrying is
another factor identified by NRFB staff as a significant factor impacting water
quality — the recent downturn in the construction industry has reduced the
impact of this activity. Regulation of quarrying activity in terms of discharges

to watercourses requires attention particularly in the Glen catchment.

In the uppermost reaches of the main channel upstream of Lougheraherk a
bogslide in 2009 affecting circa 1.5 ha of land threatened a major trout
spawning stream in this lake fishery. Stabilisation by revegetating the area
with natural grasses is recommended. Easement of fish passage on the falls
at the lake outflow is not recommended although the lake is accessible only to

sea trout.

110



OWENTESKINY RIVER
There are a number of discrete problems in this sub-catchment.
* Major bank slippages

Severe overgrazing is evident in the lower reaches on the hillside over the
river (Plate 5.7.2). Major slippages of silt and cobble into the channel have
occurred. Significant potential exists for one or more major landslides to occur
following which, the lower Owenteskiny, would be severely compromised as a
salmonid resource, from this location downstream to its outfall with the Glen
River — a distance of some 1.2km. Such an event would result in the lower
reaches of this river becoming a braided channel constantly changing its
morphology after every flood. Such instability would limit ecological recovery
and virtually eliminate salmonid stocks — similar events have been noted by
O’Grady in some of the Connemara rivers. Electrofishing data for this reach
illustrate the presence of moderate salmon fry (0.19/m?) and good salmon
parr densities (0.08/m?). Any additional physical degradation would result in a

significant loss in salmon production.

Plate 5.7.2. Owenteskiny River: severe overgrazing evident with
significant likelihood for landslides leading to losses in juvenile

salmonid production
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A programme of works should be undertaken, as a priority measure, to
prevent the aforementioned problem. Measures required include: fencing off
the river reach from stock both alongside the river in the valley floor and 20m
back from the top of the steep hillside and draping and pinning a layer of
hession type cladding over the exposed sections of cliff face. The hessian
cloth should be impregnated with suitable grass seed. Once the grass has
become established planting with willow slips should be undertaken to

stabilise the problem.

* Specific bank erosion problems on the Owenteskiny
Significant levels of bank erosion were observed at one particular reach (Plate
5.7.3). The length of the relevant section is outlined in Figure 4.1.

Log/coniferous tree revetments, in combination with root wads,

Plate 5.7.3. Owenteskiny River: severely eroded reach within a degraded
zone in this important tributary

should be used here to provide bank protection and restore bank stability.
Liaison and cooperation with the forestry plantation management will be
essential for the NRFB to deliver this project in a cost efficient manner. The
benefits of this proposal are difficult to quantify. Primarily it would improve
the quality of habitat in zones downstream by reducing the silt load in the

river.
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* General overgrazing problems
Long reaches of the Owenteskiny, Crow and Owenwee Rivers, all within the
Glen catchment, are overgrazed. This has lead to excessive, though not yet
severe, bank erosion in many reaches. Plate 5.7 .4 illustrates a reach from the
Crow River which is typical of these three rivers. Bankside vegetation is
almost completely absent over many kilometres of channel. The excessive
level of overgrazing on adjacent hillsides which will inevitably lead to faster
runoff rates and increased siltation of the river channel. An extensive fencing
and planting programme is required in each subcatchment to recreate a
natural riparian zone, restore natural bankside stabilisation rates and entrap

silt runoff from the hills.

Plate 5.7.4. A typical reach of the Crow River which is similar in channel
type and land usage to the Owenteskiny and Owenwee channels. Key
features are the lack of riparian vegetation, overgrazing and associated

bank erosion,

The locations and extent of fencing required on all three channels is
highlighted in Figs 5.7.12 and 5.7.13.

* Regulating weir on the Loughnalughraman outfall
Following the installation of a regulating weir on the Loughnalugraman outflow

within the past decade the dynamics of this stream have changed (Mc
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Cafferty pers. comm.). NRFB data show that the lower reaches of the outflow
was an important salmon spawning area and good juvenile salmon production
was recorded (Boylan and Sheridan, 1994). The relationship between
compensation flow, redd counts and juvenile production in this outflow needs
to be established with appropriate modification to flow to be instituted if

required to restore the fishery value of this channel.

The Owenteskiny has been identified as an important producer of salmon in
the catchment but it has been compromised. Although transport and
placement of heavy materials (logs and coniferous tree tops) on eroded
sections in the catchment is difficult due to the terrain and poor access this
work should be carried out where feasible. For the same reasons fencing is
also difficult but some fencing measures already delivered in this catchment

have been shown to be successful.

CROW RIVER

The Crow River has also experienced water quality problems over this period.
The bog-slide in the upper and middle reaches, which occurred in Winter
2008, has had no visible residual effect based on NRFB observations in
November 2009. However, it is likely that one or two cohorts of salmonids
from this lengthy tributary have been lost and fish monitoring is required. A
regular fish and invertebrate monitoring programme to track the recolonisation
process should be undertaken. Although EPA monitor this channel as part of
the triennial Q values programme a sustained annual programme will be

required to monitor the gradual recovery of this important tributary.

Fencing has been identified as a priority for the Glen catchment. To ensure
best value for money the sites to be fenced should be carefully selected by
the NRFB Inspector. As sheep numbers are at an all time low in this region
due to the changes in the EU grant-aid structure it is likely that the impacts of
overgrazing on watercourses will become a lesser issue. Nonetheless
regrowth of marginal vegetation to stabilise margins will be enhanced by

fencing and should be targeted at high-risk and severely impacted areas.
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One of the aims of this project was to identify works programmes for
restoration or enhancement of salmon spawning and nursery habitat. A
comprehensive programme of works has been drawn up for all catchments
and one of the main funding mechanisms for delivery of this work is the
Salmon Conservation Stamp Fund. This funding measure is funded by an
annual contribution from anglers. One of the principle criteria for determining
the suitability of a project for funding is water quality status. Poor water
quality, as has been observed in the Glen periodically, will influence funding

opportunities thus impacting on restoration of the potential of the river.

5.7.5. Conclusions

Several of the various indices available (rod catch, spawning escapement and
redd counts) indicate that salmon populations in the Glen, and most likely the
Owenwee, are in decline. However, juvenile salmon densities were generally
satisfactory in the Glen. The Owenwee was not extensively sampled as the
main channel where salmon are confined to due to the presence of a barrier is
a high gradient channel, predominated by high gradient riffle (60%) (Boylan &
Sheridan, 1994) which is difficult to sample.

One likely factor in the decline of the fishery is heavy angler exploitation in
recent decades. It would be appropriate to advise the SSC to apply a heavier
exploitation rate to the Glen to reflect more realistic levels of CL attainment.
The channel up to and including the Salmon Leap is heavily angled and there
are parallels with exploitation rates in the Bunduff Pool on the Duff river. The
Glen has suffered a significant decline and measures must be taken to
improve management. A management plan is required to ensure that the
salmon resource is managed for conservation and delivery of a sustainable

angling product.

Boylan and Sheridan (1994) identified significant bank erosion problems
throughout the Glen, Crow, Owenteskiny and sections of the Owenwee River.
The current study observed similar levels of habitat degradation with no

evidence of any natural improvement despite reductions in sheep numbers
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and overgrazing arising from destocking measures associated with
designation of all Natura 2000 sites (SAC’s , SPAs, pSACs and including
commonages in Donegal and Leitrim). Direct action, in the form of
rehabilitation programmes, is required to assist in the stabilization of these
channels to maintain and improve the important spawning and nursery
habitat. Priority should be given to the Owenteskiny and the Crow systems. A
severe landslide in the upper Crow Plates 3.2.1 and 3.2.2) in 2008 has not
physically impacted on the middle and lower Crow (Mc Cafferty, pers. comm.)
but juvenile stocks should be monitored to assess if fish populations and other

biota were impacted.
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Fig. 5.7.11: Plot of EPA Q-values for the Glen catchment.
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Fig. 5.7.12 Plot of proposed enhancement works for the Glen catchment.
There is 3.2km of the Glen Main Channel requiring enhancement works,
0.9km on the Owenteskiny River and 1.9km on the Owenwee River.

120



Fig. 5.7.13. Plot of proposed fencing of the Glen Catchment. 7.2km of
fencing is required on the Owenteskiny River, 7.3km on the Crow River
and 4.7km on the Owenwee River.
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5.8. Eany Catchment

5.8.1. Introduction

The Eany River rises in the Blue Stack Mountains and flows in a
southwesterly direction flowing into the sea at Inver. It is primarily a spate river
and is one of the more productive salmon fisheries in the Northern Fisheries
Board Region. The Eany is directly managed by the NRFB to provide a quality
angling product. The river provides grilse angling in summer and the NRFB
have invested heavily in angling infrastructure and improvements including a
fish counter. Apart from 2004, when a reduced rod catch was recorded, the
Eany has exceeded its Conservation Limit consistently (Fig 5.8.1) up to 2007.
Recent counter data (NRFB reports, 2007-2010) have demonstrated a steady

decline in upstream runs since 2007 which is a major concern for this fishery.
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Fig. 5.8.1. Plot of salmon spawning escapement for the Eany River,

expressed as percentage above or below the Conservation Limit
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Fig. 5.8.2: Salmon rod catch data for the Eany River.

The Eany system drains an area of 119.3km?% Its main branches are the
Eanybeg, Sruell and Eglish rivers. The dominant geology of the Eany
catchment is carboniferous limestone with smaller amounts of schists and
gneiss also found. Land use is mainly peat bog and agricultural/natural
vegetative. In the headwaters of the Eanybeg and Eanymore the
Meenaguse/Ardbane bog is a Special Area of Conservation (SAC) (Annex I;
EU Habitats Directive). Within the NRFB area, the Eany River is ranked

second after the Leannan with 656,530m2 of habitat accessible to salmon.

Over the past two decades salmon redd counts < 100 per annum have been
frequently recorded with notable exceptions in 1996/97 and 2001/2002 when
higher numbers were observed (Fig. 5.8.3). Discounting the poor counting
conditions in two recent spawning periods (2004/05 and 2006/07) and the
exceptionally high outlier in 1996/97 the redd count data suggest that the
Eany salmon populations are trending towards a low status quo. These data
are inconsistent with the rod catch and counter data up tp 2007 and the
positive Conservation Limit attainment assessment. The implication for redd
counting as a monitoring technique is further discussed in the Conclusions

and Recommendations section of this report.
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NRFB salmon redd counts for the Eany River 1990 - 2008
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Fig. 5.8.3. Salmon redd count data for the Eany catchment 1990 to 2008.
No data for 1992/93 or 1996/97. High water levels resulted in poor
counting efficiency in years are shaded in red.

5.8.2. Electrofishing survey results

Nineteen sites were surveyed throughout the Eany catchment in summer
2005 (Fig. 5.8.6). Juvenile salmon were widely distributed in the catchment
and were recorded to the limit of their potential distribution as defined by the
presence of three natural barriers. The exception was the Eglish River where
no physical barrier was identified yet salmon distribution was limited to its
middle reaches. Salmon were absent from four sites (En1, En11, En13, and
En15). The absences at En 11 and En15 were unexpected as juvenile salmon
were recorded at sites upstream and downstream. Trout were recorded at

both sites which indicated no localized water quality problems.

For the remaining sites 0+ salmon density estimates ranged from 0.03 and
1.09 fish/m? (Appendix 4: Table 8). In general, 0+ densities were low with only
three sites recording high densities (> 0.5/m2) (Sites En8, En14 and En 18).
However, as with several other catchments surveyed the extent of the
distribution of salmon fry in this large riverine catchment and the availability of
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habitat result in high overall juvenile production levels. This was reflected in
salmon parr densities which were moderate to extremely high throughout the
catchment (apart from the isolated zero density sites). Parr densities ranged
from 0.07 and 0.67 fish/m? (Appendix 4: Table 8) and parr were well
distributed in the catchment. Many sites recorded parr densities > 0.1/m2 (Fig.
5.8.7) as also indicated in the catchment site density distribution graph (Fig.
5.8.5).

Eany (n = 19)

0+ fry density range (fry/m2)

Fig. 5.8.4. Salmon fry density distribution for the Eany catchment 2005

Trout were recorded at all sites electrofished although not all life stages were
encountered. Densities of trout fry were generally low with the highest
densities restricted to the extremities of the catchment (Fig. 5.8.8). Trout parr
densities were also low with some moderate densities in the extremities (Fig.
5.8.9). Other fish species recorded were eels, 3 spined stickleback, flounder
and lamprey (Appendix 6: Table 8). Eels were collected at every site while the
distribution of other species varied throughout the catchment. The latest EPA
Q-values indicate good water quality for the Eany catchment with a rating of
4-5in 1999 (Table 15; Fig. 41).
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Fig. 5.8.5. Salmon parr density distribution for the Eany catchment 2005

5.8.3. Physical habitat assessment and recommendations for
improvements

Various indices indicate that the Eany system is a productive salmon
catchment. Significant stocks of salmon fry and parr were noted at many

locations although high fry densities were not consistently recorded.

Survey data suggest one experimental enhancement option for selected
sections of the Eany More Water. Many reaches of this particular channel are
dominated by smooth sheet bed rock (Plate 5.8.1) which is of limited value
particularly for salmonid fry. From a fisheries perspective this habitat is
extremely unproductive supporting few aquatic plants or macroinvertebrates.

Salmonids have limited resting areas and production is low.

The proposal is to deploy a rockbreaker to break up selected sections of the
sheet bedrock, thereby creating additional highly productive salmon nursery
areas (as shown in Fig 5.8.12). The process would involve excavating a

thalweg
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Plate 5.8.1. Eany More upstream of Letterbarra Br. with smooth sheet

bedrock substratum which dominates the channel in these reaches

through the sheet bedrock leaving a rough rubble strewn bed in this zone
(Plate 5.8.2). Some of the larger pieces of broken rock could be used to build
deflectors to confine summer flows within the revised thalweg and accelerate
flows. The altered bed type and increased flow velocities should create
additional highly productive salmon parr nursery areas. Given the high stock
densities of salmon fry recorded in the Eany More there are likely to be
surplus fry to occupy such areas, thereby ultimately increasing smolt output.
This proposal would alter one of the most unproductive salmon habitat types
into productive water.  Similar artificial channels in the Moy Catchment,
excavated for drainage purposes, are among the most productive salmon parr

waters in Ireland.
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Plate 5.8.2. Schematic plan for proposed experimental habitat
enhancement in the Eany More upstream of Letterbarra Br.

Based on current (2006) salmon parr stock densities in the Eany catchment it
is likely that this type of new habitat might support circa 0.6 x 1+ parr/m?.
Offsetting costs against likely gains, with a capital write-off over 20 years,
additional smolts produced would probably cost circa €0.5 per fish.

There are numerous reaches in the Eany More where this type of
enhancement programme could be considered. The most productive works
could be undertaken, at intervals, from Drumboarty Bridge downstream to

Drumagraa Bridge.

Given the experimental nature of this proposal it is recommended that the
NRFB carry out a pilot programme in this area which should be monitored
closely over three years to assess both the effectiveness and cost of such a

programme.
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5.8.5. Conclusions

The physical habitat in the Eany system is extremely stable. Based on
electrofishing data this extensive catchment is very productive for salmon parr
and this is reflected in consistently high rod catches which translate into
regular attainment of CL. Salmon fry were widespread but densities were
generally low — the highest densities were recorded in close proximity to
spawning areas only. Low redd counts are a feature of the Eany catchment
dataset — this probably reflects widespread redd distribution in isolated
pockets in sections of the catchment rather than densely populated spawning
areas which may be difficult or too disparate to count properly. The creation of
additional spawning areas could be warranted but as gravels are highly
mobile in spatey catchments their introduction may create erosion problems

where none currently exist and a do-nothing option is preferable.

Counter data suggest that the high parr densities in 2005 were reflected by
good runs of grilse in 2007. Equally, the low fry densities recorded at that time
appear to be relected by poor grilse runs and relatively low rod catches in
20009.

Elective habitat works are recommended to enhance parr production capacity.
These works should be undertaken on an experimental basis initially and
monitored before proceeding with a full scale programme. The Eany
programme is not a priority given the catchment’s stability, as previously
reported by Roche (2002), which, in turn, has generated high annual rod
catch up to 2007. However, the recent decline may lead to a revision of this
status and close monitoring of the counter data and associated juvenile

productivity levels is warranted.
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Fig. 5.8.12: Plot of proposed enhancement works for the Eany
catchment with 7.5kms of channel requiring works.
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5.9. Eske Catchment

5.9.1. Introduction

The Eske system, which drains a catchment area of 112.5km?, rises in the
Blue Stack and Tawnawully Mountains and flows in a southwesterly direction

entering the sea at Donegal Town.

Comprising Lough Eske, an oligotrophic lake and a productive mixed fishery
with some spring salmon, grilse, sea trout and brown trout, and the River
Eske downstream of the lake, this fishery is directly managed by the NRFB.
The river provides grilse angling in summer and the NRFB have invested

heavily in angling infrastructure and improvements including a fish counter.

A fish pass was installed (modified in 2007) on a natural barrier on a major
tributary, the Lowerymore River, following the installation of a hydropower
facility. This has increased available salmon spawning and nursery habitat in

the catchment significantly.

The underlying geology is quite varied with large areas of schist and gneiss
but also limestone and smaller amounts of granite and shales. The principle
land use is pasture, especially within the lower reaches of the system but also
natural vegetation and peat bogs, are commonplace. Lough Eske, together
with large stretches of the main channel and several tributaries, are listed as
an SAC under Annex | and Il of the EU Habitats Directive.

Accounting for 0.38% of the national accessible wetted area total (McGinnity
et al. 2003 ;) the Eske catchment is ranked 49" of 173 catchments. Regionally

it is ranked 6" with 431,848m? of habitat accessible to salmon.

Rod catches have improved steadily on the Eske but the system is

consistently underperforming in terms of Conservation Limit attainment.
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Fig. 5.9.2: Salmon rod catch data for the Eske catchment.
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NRFB salmon redd counts for the Eske River 1990 - 2008
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Flg 5.9.3. Salmon redd counts for the Eske River. Red shading = poor counting

efficiency

Redd counts for the Eske over the past two decades show two distinct
phases. In the early 1990s, for a period of three years, counts ranged from
187 to 280 redds (average 228 per annum) (Fig. 5.9.3). Subsequently counts
were low averaging about 80 redds (range 18 — 114). Poor counting
conditions underestimated counts for the past four years but the decline is

marked.

5.9.2. Electrofishing survey results

A total of eight sites were surveyed in the Eske catchment in summer 2006
(Fig. 5.9.6). Juvenile salmon were recorded in each of the larger tributaries
but their distribution was limited to the middle and lower reaches. Where
salmon were recorded densities were generally poor apart from the lower
Lowerymore and its tributary the Clogher River, where some exceptionally
high 0+ estimates were obtained (Appendix 4: Table 9; Figs. 5.9.4 & 5.9.5).
These high densities were recorded in the lower reaches of this extensive
subcatchment and demonstrated the significance of this prime spawning area
to the Eske catchment. No salmon fry were recorded at three sites and the
absence of salmon parr at one of these (Ek5) on the Clogher River, suggests

the presence of a previously unknown impassable barrier. In the Corabber,
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where anadromy is curtailed by natural barriers, low densities were recorded
in enhanced habitat (Site Ek2) which should support higher densities of

juveniles.

Sampling the main channel of the Eske was attempted but rising water levels
limited electrofishing efficiency so the data are not presented. One indicator of
poor juvenile salmon numbers in the main channel was the lower than
average numbers of juvenile salmon, based on catch of fry and parr per unit
effort of time, recorded from the artificial spawning bed situated at the Lough

Eske outflow in the course of genetic sampling of juvenile salmon in 2006.

Trout were widely distributed. In general, densities of fry and parr were low
(Figs. 5.9.8 & 5.9.9). The exception was the Drummenny River where good fry
and exceptionally high parr densities were recorded.  Four finnock were
recorded during the Eske survey and three of which were captured at Site Ek
8 in the lower Drumenny. Preliminary observations of sea trout populations
suggest that these migrants tend to migrate en masse into the first major
tributary in a system which may account for the high trout densities in the
Drumenny. High densities of trout were also anticipated for the lesser
tributaries discharging directly into Lough Eske as is the norm for similar

catchments but this was not observed.

Other fish species recorded in this system were eels and flounder (Appendix

6: Table 9). Eel distribution was widespread but numbers were poor.
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Fig. 5.9.5. Salmon parr density distribution for the Eske catchment 2006

The Eske catchment was surveyed in 1993 by Boylan and Sheridan to
establish the status of salmonids stocks (Appendix 7: Table 4; Fig. 6). Similar
densities were collected in the 1993 data for both trout and salmon as in the
2006 survey, indicating relatively stable populations. However, there is
potential to increase the population with a detailed enhancement program

improving the habitat availability for salmonids.
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5.9.3. Physical habitat assessment and recommendations for
improvements

EPA Q-value data show good water quality for the Eske catchment with an
average Q of 4-5 (Appendix 2: Table 9; Fig. 5.9.11). Lower quality was

evident in the Corrabber and at Donegal town.

In terms of physical habitat the Eske catchment displays extremes. The
majority of channels, including the main channel, are stable with an extensive
riparian zone and little erosion. The extreme is the Lowerymore tributary — this
extensive subcatchment is subject to major bank erosion problems due to a
combination of severe flows which occur naturally and regularly and
overgrazing. Vulnerable banks are being continuously eroded. Significant
improvements in salmon and trout production could be achieved by

implementing the following works programme in a number of specific areas:

* Shrub pruning programme
Extensive shrub pruning in the Lowerymore, from the Lowerymore falls to
Lough Eske would increase salmonid productivity. The extent of shrub
pruning required on the Lowerymore and other channels in the Eske
catchment is shown in Figure 5.9.12. Typical examples of the extent of
shading are provided for the Lowerymore and Drummenny streams in Plate
5.9.1. Shading is also a feature of the lower reaches of the Clogher River
from Clogher Bridge to its confluence with the lower Lowerymore.
Exceptionally high densities of salmon fry were recorded in this channel
where the distribution of salmon is limited to the lower reaches. The extent of
this dense shade is also very evident in the aerial photographic series for the
Lowerymore (Plate 5.9.2). Shrub pruning would also be of benefit in the
lower reaches of the other minor tributaries flowing directly into Lough Eske.
Electrofishing data suggest that trout, not salmon, would be the major

beneficiaries of a pruning programme.

139



Plate 5.9.1. Shading in the
lower Lowerymore (left)
and the lower Drumenny
(below left) Rivers,
tributaries of the Eske

system.

* Rip-rap programme
In contrast, in the upper reaches of the Lowerymore, above the falls, a
completely different ecological imbalance is evident (Plate 5.9.2). Serious
degradation of channel morphology and a complete absence of vegetation in
the riparian zone characterise this extensive length of channel. As salmon can
now migrate upstream due to the improved fish pass at the falls it is crucial
that extensive works be carried out in the upper Lowerymore to improve both
the ecology and morphology of this reach. Two key measures are required:

* Extensive use of rip-rap to restore bank stability in areas where there is

very severe erosion
* A major fencing programme to exclude all livestock from the immediate

river corridor followed by a tree planting programme (Figure 5.9.12 and
5.9.13).
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5.9.2. Shading in
mid-summer in
the lower
Lowerymore (left)
downstream of
the now passable
Lowerymore falls.
A typical reach of
the Lowerymore
(below left) with
severely
degraded habitat
which extends
downstream of
Barnesmore Gap
for 3km.

Major ecological and physical imbalances are evident in the most important
salmonid spawning and nursery subcatchment in the Eske System, the
Lowerymore. Following completion of the proposed enhancement programme
available data suggest that a four- to five- fold increase in salmon smolt
production levels and a significant increase in sea trout smolt production are

achievable.

5.9.4. Conclusions

Salmon densities were generally poor in the Eske catchment apart from two
sites (Figs. 5.9.6 and 5.9.7). Difficulties were encountered in sampling the
main channel due to high water levels but observations from genetic sampling

in 2007 (Roche, pers. comm.) indicated that juvenile salmon populations were
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low in the artificial spawning area downstream of the lake which appears to be
consistent with the general observations about the salmon stock in the
system. Other indices like the redd count support this finding. Despite
significant investment in the fishery in enhancement works including fish
passage and instream works the Eske is underperforming in terms of salmon

production.

Interestingly low densities of juvenile trout were also observed in the
tributaries to Lough Eske. Typically, in lesser tributaries discharging directly
into trout lakes, densities are usually extremely high. These tributaries would
normally be utilized by either resident brown trout and/or sea trout for
spawning. The coincidence of low densities of juvenile salmon (with two
notable exceptions) and trout is noteworthy and may be indicative of a more
substantive problem. Sea lice emanating from marine salmon cages has
been linked with the demise of sea trout populations in the West of Ireland
(Gargan et al, 2003) and more a recent study (Gargan pers. comm.) suggests

that this problem may be a factor in salmon smolt mortality also. Gargan and

his co-workers found that the release of SLICE®—treated and control groups of
hatchery-reared salmon smolts into aquaculture bays allowed for assessment
of the potential impact of sea lice induced marine mortality. Analysis of tag
recaptures showed that SLICE-treated smolts experienced increased
survivorship over untreated controls in all seven releases when farm net-pens
were in production. The data also indicate that un-treated smolts experienced
reduced marine growth compared to treated groups, perhaps due to sub-
lethal effects of early infestation of salmon smolts by larval sea lice.

Experimental results are being prepared for publication.
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Fig. 5.9.12. The Eske catchment with proposed enhancement works. A
total of 5.85km of shrub planting and 9.77km of shrub pruning.

Fig. 5.9.13: Plot of the proposed 6.19kms of fencing on the Lowerymore
River in the Eske catchment.
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5.10. Drowes Catchment & Lough Melvin

5.10.1. Introduction

The Lough Melvin catchment is dominated by two productive fisheries. The
outflow, the River Drowes, is one of the most prolific spring and summer
salmon fisheries in Ireland. Lough Melvin is a prime salmon and trout fishery
and one of the most important lake fisheries in the country. The system has
comfortably exceeded its Conservation Limit in recent years (Figs. 5.10.1
a&b) and produces 450 to 700 salmon to the rod annually (Fig. 5.10.2).

Although the Drowes/Melvin catchment is one of the largest catchments
(161.8km?) in the Ballyshannon District the extent of accessible fluvial salmon
habitat is limited accounting for 0.5% of the national total (McGinnity et al.
2003; Table 40). This is due to the presence of a large lake, Lough Melvin,
and the dominance of the catchment by lesser tributaries (stream order < 3).
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Fig. 5.10.1a: Plot of MSW salmon (spring) spawning escapement for the
Drowes/Melvin system, expressed as percentage above or below the

Conservation Limit
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Fig. 5.10.1b: Plot of 1SW salmon spawning escapement for the
Drowes/Melvin system, expressed as percentage above or below the
Conservation Limit

Salmon redd count data for the past two decades are incomplete as no data
are available from 1998 to 2001. However, this gap delineates a significant
deterioration in redd numbers. The average count was 408 from 1990 to
1998. Between 2001 and 2008 the average is 103. The principal tributaries of
Lough Melvin are the Glenaniff, the Ballagh, the County and the Roogagh
Rivers. Individual redd count data are presented for the key spawning
channels, the Drowes, the Ballagh and the Glenanniff Rivers in Fig. 5.10.3 .
Redd counts in the Ballagh and Glenanniff have declined over the period
whereas the Drowes has maintained a variable redd count but has become
the dominant spawning channel based on these data. It should be noted that
poor counting conditions have resulted in low counts since 2005 but this
primary index suggests a decline in populations. The decline in redds is
directly countered by stable rod catches and suggests that redd counting may

require re-evaluation as a tool for salmon stock assessment.
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Fig. 5.10.2: Salmon rod catch data for the Drowes/Melvin system.
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Fig. 5.10.3. Salmon redd counts for the Melvin/Drowes catchment Red

shading = poor counting efficiency
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NRFB salmon redd counts for the Drowes, Ballagh and
Glenanniff Rivers 1990 - 2008

Counts in 2004/05 to 2007/08 are understimates due to poor counting conditions
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Fig. 5.10.4. Salmon redd counts by tributary in the Melvin/Drowes

catchment

5.10.2. Electrofishing data

Because of the healthy status of the salmon rod fishery and the availability of
extensive recent CFB/NRFB electrofishing data (2000 and 2001) it was
decided on a value for money basis, when this extensive NRFB salmon rivers
project was initiated in 2005, to combine these electrofishing data to present

an overall assessment of juvenile stocks in the catchment.

In 1992 fourteen sites on the Glenaniff and Ballagh Rivers, the principal
spawning channels, were surveyed (Gargan et al. 1993). In 2000 Gargan et
al. (2001) resurveyed the majority of these sites and in 2001 fourteen sites on
the County and Roogagh Rivers were surveyed to determine the status of the
salmon and trout stocks in the catchment. These juvenile salmon density data
for 2000 and 2001 are combined in Figs 5.10.7 & 5.10.8.

High densities of salmon fry were recorded in the Ballagh in 2000, ranging

from 0.22 to 3.8/m? and densities moderated with progression of sites

upstream. Densities in the Glenanniff were more variable but very
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satisfactory. Salmon parr densities were extremely high in both highlighting
the importance of these two channels as spawning and nursery units
(Appendix 4: Table 10; Fig. 17 & 18).

Over 43% of all sites sampled in the Melvin catchment held no salmon fry
(Fig. 5.10.5). This statistic refers primarily to the County and Roogagh Rivers
which were sampled extensively in 2001. One site in each, in the lower
reaches, had good densities of fry and parr which indicated regular annual
spawning activity in these reaches. Interestingly, salmon parr (Fig. 5.10.6)
were recorded in moderate densities at many of the sites where fry were
absent in the County and Roogagh, which suggests some penetration by
adult salmon into the middle and upper reaches of both catchments in some
years, probably when water levels allow passage over the array of natural

rock sills in the catchments.

Exceptionally high densities were recorded at several sites in the main
spawning channels as shown in the juvenile salmon density distributions.
Salmon parr densities were high (>0.1 m2) at 40% of sites sampled over the
period. Trout densities were moderate to good (Fig. 5.10.9 and 5.10.10).

No significant difference was found between the salmon fry and parr and trout
fry from 1992 and 2000 (Wilcoxon signed rank test, p > 0.05) for sites which
were resampled. A decrease in densities of trout = 1+ was observed in 2000
(Table 5.10.1).
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Fig. 5.10.5. Salmon fry density distributions for the Melvin catchment
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Fig. 5.10.6. Salmon parr density distributions for the Melvin catchment

2000 and 2001 combined.
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Table 5.10.1: Wilcoxon signed rank (QED Statistics ver 1.1.2.441)

Year M dn T df P r
Salmon fry 1992 0.359

2000 0.314 0.30 8 >0.05 0.07
Salmon parr 1992 0.331

2000 0.206 124 8 >0.05 0.29
Trout fry 1992 0.333

2000 0.227 148 8 >0.05 0.35
Trout parr 1992 0.215

2000 0.177 207 8 <0.05 0.49
Trout adult 1992 0.011

2000 0.007 202 6 <0.05 0.54

5.10.3. Physical habitat assessment and recommendations for
improvements

Juvenile salmonid habitat in the catchment is physically stable and has good
water quality. The Drowes, one of the prime spawning areas, is a very stable

channel due to flows being moderated by the lake.

The only enhancement measure recommended from this report is selective
shrub pruning over riffle areas on the south bank of the tunnelled Ballagh
River. This programme was carried out previously following an extensive
study of the catchment (Gargan et al, 1993) but requires to be repeated every

five years due to the vigour of tree growth in the riparian area.

Bedrock underlies several lengthy reaches of the Melvin tributaries and an
experimental rock-breaking programme, similar to that recommended for the
Eany, to create additional parr water would be merited. The additional parr
water in the Ballagh and Glenaniff would accommodate excess fry which

migrate from these tributaries due to density dependent factors.
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5.10.4. Conclusions

The Melvin/Drowes system is one of the most prolific salmon fisheries in

Ireland.

The Ballagh and Glenanniff are relatively short highly productive channels
with significant impassable natural barriers in their middle reaches. Two other
tributaries which discharge into the northeastern portion of the lake currently
contribute little to salmon populations in the system due to passage problems

and limited suitability for spawning.

Salmon spawning escapement levels are excellent and belie the poor redd

counts recorded over the past decade.
The requirement for a physical works programme is limited and in the context

of the excellent performance of this system compared to others surveyed over

the course of this study should not be considered a priority.

154



Fig. 5.10.7: Salmon fry distribution and quantitative density estimates
(no./m2) in the Drowes catchment. Numbers on map represent stream
order and grey line represents spawning areas

Fig. 5.10.8.: Salmon parr distribution and quantitative density estimates
(no./m2) in the Drowes catchment. Numbers on map represent stream
order and grey line represents spawning areas
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Fig. 5.10.9: Trout fry distribution and quantitative density estimates
(no./m2) in the Drowes catchment. Numbers on map represent stream
order and grey line represents spawning areas

Fig. 5.10.10: Trout parr and older distribution and quantitative density
estimates (no./m2) in the Drowes catchment. Numbers on map represent
stream order and grey line represents spawning areas
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Fig. 5.10.11: Plot of EPA Q-values for the Drowes catchment.
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5.11. The Duff Catchment

5.11.1. Introduction

The Duff River is a productive spate salmon fishery which flows in a
northwesterly direction from Truskmore Mountain, entering the sea just north
of Mullaghmore. It is a relatively small catchment (catchment area of 87.9km?)
which has a good run of grilse and summer salmon. Angling is concentrated
at the Bunduff Pool located below the significant waterfall in the lower reaches
of the catchment (Plate 5.11.1).

Plate 5.11.1: The Bunduff Pool in the lower Duff River

The salmon rod catch is substantive and the Duff is one of the most
productive fisheries in the NRFB region with recorded catches ranging from
200 to 400 fish per annum (Fig. 5.11.1). The Duff catchment has comfortably
achieved its Conservation Limit based on rod catch analysis (Figs. 5.11.2).

In terms of the national salmon resource and accessible fluvial habitat the

Duff River is ranked forty fourth of 173 salmon rivers (constituting 0.41% of
the national total (McGinnity et al. 2003; Table 3.3). In the combined
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Ballyshannon and Letterkenny Fisheries Districts the Duff River is ranked fifth
with 461,575m? of salmon habitat.

The entire Duff catchment, except for the headwaters, was subjected to an
arterial drainage scheme in the early 1960s. This scheme is currently
maintained, from a drainage perspective, by the Office of Public Works. The
current OPW maintenance operation involves desilting the very low gradient
reaches of the Duff main channel from Muckrum Bridge downstream to the
Ballaghnatrillick confluence which have a very limited juvenile salmon

production function being mainly comprised of deep glide (Plate 5.11.2).
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Fig. 5.11.1: Salmon rod catch for the Duff River
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Fig. 5.11.2.: Plot of 1SW salmon spawning escapement for the Duff
system, expressed as percentage above or below the Conservation
Limit

Plate 5.11.2. Drainage maintenance on a typical low gradient reach in the
middle reaches of the Duff main channel which extends from Muckrum
Bridge to the Ballaghnatrillick confluence
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NRFB salmon redd counts for the Duff River 1990 - 2008
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Flg 5.11.3. Salmon redd counts for the River Duff. rRed shading = poor counting
efficiency

No trend is evident from redd count data for the Duff (Fig. 5.11.3). The dataset
is incomplete but some annual variation is evident. Counts from the 1990s
average 122 per annum while recent counts average 88. However, the

difference was not significant (t-test p> 0.05).

5.11.2. Electrofishing survey

Three sites in the upper reaches of the Duff catchment were fished
qualitatively during summer 2007. Trout were present at all three sites but no
salmon were recorded (Appendix 4: Table 11). Quantitative electrofishing
results revealed an absence of salmon fry and parr in the upper reaches of
the main channel and the extensive Ballaghnatrillick River and suggest that
adult salmon anadromy is limited in both. An impassable barrier directly
upstream of Ballaghnatrillick Bridge and an unknown barrier, near
Largydonnell on the main channel, redefine the extent of anadromy on this

catchment.

The spatey nature of the Duff and high water conditions limited opportunities
for quantitative sampling and an alternative approach had to be used to
ensure an assessment was achieved. An emerging approach to juvenile

salmon assessment, ‘catchment-wide electrofishing’ (Gargan et al., 2008) was
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used and sampling was mainly limited to sites downstream of the newly
identified barriers (Fig. 6.5.1).

Salmon fry (0+) were recorded at 9 of the 11 sites sampled on the River Duff
and were widely distributed throughout the catchment. The average number
was 8 sal fry/5-min with a range of 0-20 sal fry/5-min (Appendix 5: Table 2).
Salmon fry numbers were low throughout most of the main channel although
a maximum of 20 sal fry/Smin was recorded at Conwal Bridge, a known
spawning area. Salmon fry numbers were also low on the Ballaghnatrillick
River. The low numbers of salmon fry recorded on the Duff River may have
been influenced by sampling being carried out in October. Ideally sampling
using this technique should occur between late June to mid September but
due to high water levels in summer 2007 sampling was delayed. However,
the Duff has a consistent surplus for exploitation which was not reflected by

correspondingly high fry abundance.

Trout were widely distributed throughout the catchment. Stickleback was the

only other species recorded and some crayfish were also noted at some sites.

The quantitative electrofishing failed to record eels at the three sites sampled
which further indicates the impassability of both barriers to upstream migrants.
As the catchment-wide electrofishing technique concentrates on salmonid fry
and sampling is limited to riffled areas, it is not a reliable technique for eel

assessment. Therefore the status of eels is unknown downstream of both.

EPA Q-value indicates good water quality with a consistent rating of 4-5
throughout (Appendix 2: Table 3 & Fig. 12).

5.11.3. Physical habitat assessment and recommendations for

improvements

A number of priority projects are proposed for the Duff catchment:
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Reconfiguration of the Bunduff Falls

Gargan et al, (2008) reported that salmon fry numbers in the River Duff in
2007 fell significantly short of the expected level to conform with the rod catch
derived Conservation Limit for this catchment. The mean numbers of salmon
fry captured per site fell well below the threshold value set for rivers like the
Duff where a surplus of fish was available for angling. Gargan et al (2008)
noted that the poor fry average was at variance with the angling returns for
this fishery in 2007. This suggests that the angler exploitation rate of salmon
may have greatly exceeded the norm. This is most likely due to a delay in
the upstream movement of adults over the falls in the lower reaches of the

river (Plate 5.11.1) and their increased vulnerability to capture by anglers.

It is recommended that a bypass channel is constructed around this falls or,
alternatively, the falls should be stepped out to ease the passage of migratory
fish. In developmental terms this proposal should be considered the priority
for the Duff system. A detailed plan for this site has been drawn up (Plates
5.11.5 & 5.11.6).

Plate 5.11.3. Salmon
attempting to ascend
the Bunduff Falls

Office of Public Works (OPW) programmes
The OPW have responsibility for drainage maintenance of the Duff catchment.
Their current maintenance operation involves regular desilting of the very low

gradient reaches of the Duff main channel.
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The second OPW maintenance operation involves pruning shrubbery in
selected areas where it is impeding flood flows. This is of benefit in fishery
management terms because the tunnelling effect of dense shrubbery
depresses salmonid production. An expansion of this programme would be of
benefit to this river as a salmon fishery. The extent of tunnelled channel in
salmon bearing areas is illustrated in Fig. 5.11.9. The current tunnelled areas
are principally in the Ballaghnatrillick tributary and in the section of the Duff
downstream of their confluence. These are, potentially, the most important

salmon production areas in the entire catchment.

Plate
5.11.4.
Pool
developm
ent option
upstream
of Bunduff
Falls.

164



Plates 5.11.5 and 5.11.6 showing proposed plan for easement at Bunduff
Falls
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The potentially productive salmon areas in the Duff Catchment, mentioned
above, have not recovered completely in morphological terms from the arterial
drainage programme. A review of the aerial photographic series and direct
visual observations indicate a dearth of pool areas and the presence of some
artificially wide shallow reaches (Plate 5.11.7). The full extent of
morphological problems cannot be seen currently because of the tunnelling
problem. It is likely that major physical works are required, at intervals, from
Ballaghnatrillick Bridge downstream to its confluence with the Duff and
downstream on the main Duff channel to the sea. The Duff main channel
reach, from the outfall of the Ballaghnatrillick tributary upstream to Muckrum
Bridge is a very low gradient reach incapable of producing salmon. The Duff,
upstream of Muckrum Bridge is a salmon bearing channel. Although drained
in the past it has recovered well in morphological terms and does not warrant

a major enhancement programme.

Plate 5.11.7. Excessive tree cover in the Duff.
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Plate 5.11.8. Bridge apron at Ballaghnatrillick Bridge.

The bridge apron at Ballaghnatrillick Bridge is impassable to migratory fish.
However, a short distance (<50m) upstream of this bridge a natural rock sill is
equally impassable in addition to several similar structures in the reaches
upstream of this point (Plate 5.11.9). Restructuring the bridge apron is not
warranted as there would be limited gain in terms of productive channel. The
removal of these impassable rock sills is also contrary to the terms of the EU

Water Framework Directive.

Plate 5.11.9. Rock sills upstream of Ballaghnatrillick Br.
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In 2007 the OPW gave an undertaking to enhance all drained salmonid rivers
in Ireland under their remit. This includes the Duff system which means that
costs for this programme relating to ecosystem damage caused by the arterial
drainage programme will be met from OPW resources. A sample of the

programme design is shown in Plate 5.11.10.

Plate 5.11.10. Example of site works programme for Duff system

The enhancement priority in the programme on the Duff relates to the
easement of salmon passage over the waterfall in the lower reaches. This
natural bottleneck did not arise from the arterial drainage programme and is
beyond OPW responsibility. The solution to the problem will have to be
addressed within the strict terms of the EU Water Framework Directive which

prohibits physical modification to natural structures.

* Likely Benefits of an Enhancement Programme

Substantial benefits should accrue to the Duff, following the completion of the

proposed enhancement programme. Following the easement of fish passage
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and the proposed shrub pruning and in-stream physical works programme a
200% (and possibly up to a 400%) increase in salmon smolt production is

possible.

5.11.4. Conclusions

The Standing Scientific Committee of the National Salmon Commission (NSC)
concluded that a catchment-wide average of 25 salmon fry/5-min fishing was
high and indicative of good catchment-wide spawning (SSC, 2007). This
figure has been applied by the NSC and the NFME as a threshold value to
allow catch & release in previously closed salmon rivers. A revised average
of 17 salmon fry/5-min fishing has been calculated for catchments exceeding
their CL (SSC, 2010). The Duff has been in surplus since the individual rivers
assessment has been in operation. However, the mean catch of 11 sal fry/5-
min for the Duff was substantially below the 25 salmon/5-min threshold value.
In a national context, the Duff catchment average was in the bottom 25% of
values recorded for 31 catchments sampled in 2007. These data suggest that

spawning escapement were unsatisfactory in the 2006 season.

Scientific assessment based on rod catch for the Duff catchment indicates the
river is exceeding CL (SSC 2008). However, the low mean abundance of
salmon fry recorded in 2007 suggests that the Duff is meeting a much lower
proportion of its CL. The high levels of rod fishing mortality at the Bunduff pool
on the main channel may bias this rod catch based assessment. These
electrofishing data contradict the estimation of salmon stock status for 2007
from rod catch returns which suggest a surplus of 478 spawning salmon.
Determination of a river specific rod exploitation rate for the Duff River is

desirable to derive a more reliable estimate of salmon stock status.

The works programme recommended for the catchment will mainly be
delivered through the OPW who have maintenance responsibility for this
catchment. The Bunduff easement of passage is a priority for the NRFB to
ensure that the overexploitation of salmon at this bottleneck is addressed and

escapement increases.
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Fig. 5.11.4: Position of survey sites in the Duff catchment. Squares
represent survey sites from the semi-quantitative survey and black
circles represent sites from the quantitative survey.
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Fig. 5.11.5.: Trout fry distribution and quantitative density estimates
(no./m2) in the Duff catchment. Numbers on map represent stream

order.
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Fig. 5.11.8. Plot of EPA Q-values for the Duff catchment.
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Duff Catchment: Proposed Shrub Pruning
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Fig. 5.11.9: Plot of proposed shrub pruning in the Duff catchment with
3kms of channel requiring work.
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6. Inter-catchment comparisons & recommendations for improving
assessment metrics

The Atlantic salmon (Salmo salar L) is one of the species covered by the
Habitats Directive (92/43/EEC). The Directive states that:

“If a species is included under this Directive, it requires measures to be
taken by individual member states to maintain or restore them to

favourable conservation status in their natural range”.

The conservation status of a species refers to the sum of influences acting on
the species concerned that may affect the long-term distribution of its
populations within its territory. 32 of the 148 salmon rivers in Ireland are
designated as Special Areas of Conservation (SACs) for the species. In
applying the Directive, consideration must be given to all of the populations
and not just the designated SAC rivers. Conservation Limits have been set for
all 148 Irish salmon rivers and recreational and commercial inshore fisheries
are now regulated relative to these conservation limits being met on a river by
river basis. The EU Commission has accepted that the conservation limits set
for Irish rivers constitute an acceptable conservation reference point for Irish

salmon stocks which equates to favourable conservation status.

The assessment of salmon stock status in key fisheries in the NRFB area will
contribute to salmon management in Ireland and support the rational
management and longterm sustainability of the species. This programme will
also contribute substantially to providing the necessary status report as

required under the Habitats Directive.

The attainment of CL can be gauged by direct measures (e.g. counter data or
the use of rod catch based estimates to calculate total numbers returning to
the river) or by indirect measures such as redd counts or juvenile indices
(Gargan et al., 2008). Cowx and Fraser (2003) identified the adult run and
juvenile densities as the key life stages where salmon can be monitored. For
the purposes of this project, salmon rod catch, redd count and juvenile data

were compiled to present individual catchment overviews together with all
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available habitat and water quality data relevant to the period prior to the
juvenile assessment. This chapter compares each of the catchments under

various headings.

6.1. Counters

Gargan et al (2008) have identified fish counters as the preferred direct
counting method for salmon for a number of reasons: a counter provides a
total count, it can be operated on an all year round basis and it can be used to
monitor fish abundance from the tributary to catchment level. Analysis of
counter and rod catch data in Scottish waters demonstrated that the two
sources of information are mutually supportive (Eatherley et al, 2005). They
also showed that validated resistivity counters in Scottish waters broadly
reflected the local abundance of Atlantic salmon at the relevant scale. On the
negative side, they noted that counters are expensive to buy and install, are
vulnerable to vandalism and theft, and must be associated with a suitable in-
river structure. Regular monitoring, maintenance and servicing are essential

to ensure the data generated are reliable.

The capacity to accurately assess salmon stock status provides a manager
with an essential management tool and the capacity to respond with
appropriate management measures based on knowledge. Combined with
quality rod catch data these strategically located systems can be developed
as model systems for the region providing reliable data which can be
validated. The Eany and Eske systems, both managed systems, fall into this
category. The Crolly counter, operated by the ESB, also provides good quality
data for manangment. To deliver data for management and the conservation
objectives (e.g. EU Habitats Directive) for 1SW and MSW populations the

NRFB should continue to pursue counter installation in the following systems:

* Leannan

* Lackagh

* Gweebarra
* Owenea

* Drowes
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Counter data will provide quality data and is particularly valuable from MSW
systems like the Leannan, Lackagh and Drowes where stock status is highly
variable and requires accurate annual assessments. Counter data from 1SW
fisheries like the Owenea and the Gweebarra will inform local and national

management of salmon stocks and will be highly valuable.

6.2. Rod catches

6.2.1. Comparison of mean rod catches

Because of the availability of historical data for all systems being reviewed rod
catch was used to provide an estimate of run size based on various
assumptions regarding the relationship between catch, angling effort and
stock. Shelton (2002) identifies weaknesses in rod catch data (inaccurate
reporting, the lack of a means to assess angling effort and exploitation, and
actual fish catchability). A highly variable rod catch versus stock size
relationship is a feature of fisheries with low stock levels (Peterman and Steer,
1981). Despite these weaknesses and desirable modifications in improving
the quality and applicability of such data, Youngson et al, (2007) recommend
using their continued use for assessments. Specific proposals for refining

these data are presented below.

Apart from providing data to estimate spawning escapement analysis, rod
catch data assessment provides a measure of recent performance and
contributes to identifying underperforming catchments. Plotting the 5-year
average rod catch against accessible fluvial wetted area (Figs. 6.2.1 and
6.2.2) it is evident that the Leannan catchment, which has the greatest
quantity of accessible fluvial habitat within the NRFB, could, in statistical
terms, be considered an outlier (Fig. 6.2.1). However, this data point
accurately reflects its poor rod catch and general status in recent years up to
the fishery closure, corroborates the scientific analyses carried out by the
SSC and justifies the closure. Like most major multi-sea-winter salmon
fisheries in Ireland salmon in the Leannan were severely impacted by UDN
(Ulcerative Dermal Necrosis) in the 1960s and 70s. Although stocks fluctuated
(Roche et al 1994) it is reasonable to suggest that stocks in the Leannan have

not recovered from the impact of UDN.
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Removing the Leannan outlier (Fig. 6.2.2) a strong positive linear relationship
is evident for the remaining catchments which emphasises that as fluvial
habitat increases rod catches increase. The most productive angling fisheries
are the larger systems, the Drowes, Eany, Owenea and Duff, and all differ
with regard to abundance of spawning habitat. The Drowes and Owenea have
abundant spawning areas while the Eany and Duff are less well endowed.
Enhancement of existing spawning areas and development of new areas
should be investigated as part of any programme for the Eany and Duff. The
high Duff 1 SW catch emphasises the overexploitation at the Bun duff Pool

downstream of a frequently impassable waterfall, except under ideal

conditions.

Fig. 6.2.1. Relationship between 5-year average salmon rod catch (incl. catch &

release) for all systems between 2002 & 2008 versus accessible fluvial habitat

(kmz) — Clady, Glen, Eany and Eske are 4 year averages
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Fig. 6.2.2. Relationship between 5-year average salmon rod catch (incl. catch &
release) for all systems EXCEPT the Leannan between 2002 & 2008 versus
accessible fluvial habitat (kmz) — Clady, Glen, Eany and Eske are 4 year averages
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The medium sized systems including the Gweebarra, Glen, Lackagh and
Eske appear to be underperforming with rod catches equivalent to
substantially smaller systems like the Clady and Crolly. The latter systems
could be considered low priority in terms of angling potential and touristic
value because of their low average rod catch — however, where funding may
be limited, targeting of a smaller catchment for any required remedial works

would represent good value as the benefits would be manifested quickly.

This rod catch data takes no account of the influence of lakes on these
fisheries and is mainly concentrated on analysis of 1SW catches which
dominate the majority of fisheries. Separate analyses of river only and
river/lake fisheries combined is warranted in addition to collecting an

extensive set of statistics for multi-sea-winter salmon fisheries.

6.2.2. Recommendations:
(a) Consistent collection of rod catch data: under the National
Carcass Tagging Scheme anglers are obliged to return their salmon
rod license for compilation for statistical data which has improved the

management of salmon fisheries since early 2002. These data reflect
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catch only and take no account of effort. Several fisheries within the
current reporting area have dedicated angling centres where accurate

effort data could be collected.

(b) Develop river-specific exploitation rates: the best available
assessment of rod exploitation rates is applied by the SSC to estimate
escapement under the current model. It is likely that there is
considerable variation in catchments due to various factors including
run timing, fishery access, angling methods and local conditions. Few
of these factors can be legislated for in each fishery and it appropriate
to develop river-specific exploitation rates. Tagging of catch and
release fish or fish captured by trapping/netting in the estuary and then
released, will provide the basis for developing robust exploitation rates
for different fishery types — private fisheries, public fisheries, spate
fisheries, lake fisheries, lake/river fisheries. In the short-term managed
fisheries like the Owenea and Eany should be targeted for this type of
programme. Data from the Eany will be particularly valuable because
of the availability of counter data and the Eany could be developed as
a model system for Donegal. The Owenea fishery will become very
important in fishery management terms when the counter is installed.
Both systems should provide high quality data for 1SW exploitation

rates while providing some data for MSW assessments.

(c ) Salmon scale collection: determination of rod exploitation rates
by stock component also requires length, weight and scale samples
from fresh-run fish over the entire season. Scales will also indicate run-
timing of particular stock components. This material has been collected
in some fisheries as part of a modest roll-out of a national salmon
management plan by the CFB. Scales have been collected from
several targeted fisheries, particularly those with a substantive MSW
component. This has yielded some material but a co-ordinated
programme with specific monthly data target needs to be established.
A successful data collection programme should generate thousands of

samples nationally and with some training and basic scale reading
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facilities it should be feasible to have the scales read locally and the

data held centrally for management purposes.

(d) Collection and incorporation of environmental data: flow and
temperature influence fish movement and activity. These basic data
are being collected in different gauging stations nationally and should
be incorporated into the river-specific data collection process. Such
data will contribute to improved management by assisting in

interpretation of catch data and temperature related effects.

With a substantially reduced commercial fishery one of the major sources of
salmon data in Ireland is the angling fishery. Proper management requires
these data and anglers are in an influential position to contribute to the

conservation of the species by collecting the relevant data.

6.3. Redd counting

6.3.1. Between catchment comparisons

Redd counting is carried out annually by staff in many of the Regional
Fisheries Boards. This enumeration process, which counts streambed
disturbances in graveled areas created by spawning fish is often very
subjective, is usually confined to the important salmon rivers, and provides an
index of spawning effort at a given location. It provides data on the quantity
and location of spawning but it is not a complete count as there are too many
variable factors which influence the overall count including difficulties in
distinguishing salmon redds from trout redds, high water levels, water colour,
survey timing, personal interpretation of what constitutes a redd and time
constraints which may limit counting activity. In several RFB Districts counting
salmon redds is an irregular activity and many medium and smaller salmon

rivers have little or no redd count data.

The CFB, in the course of contributing to the data collection process for the
national salmon assessment process, has identified redd counts as an
important potential method of indirect assessment of CL attainment (Gargan

et al, 2008). While the exact relationship has to be developed it has been
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recommended to concentrate on systems with counters so that robust
statistics can be developed. A national database of salmon redd counts,
based on RFB data, has been compiled to provide an indirect measure of

annual abundance.

Where available, redd count data for each of the catchments assessed over
the course of this study was presented. Many of these datasets extended
over a twenty year period but were contrary indices when other indices such
as rod catch and high juvenile densities were taken into consideration. A
simplistic analysis of the recent salmon redd count data (Fig. 6.3.1) shows no
relationship between redd numbers and accessible fluvial habitat. Also redd

counts and rod catch were not correlated (r? = 0.01).

The absence of a relationship was not unexpected and the analysis served to
highlight some of the issues around redd counting as currently practiced.
Some of the disparities arise from between catchment differences in stocks
due to:
» different escapement levels by adult fish
* greater quantities and availability of spawning areas by catchment
* information from fish behavioural and genetic studies. Assumptions
have been made that one redd equated with the presence of one
female salmon but studies have shown that eggs numbers in redds are
highly variable and some redds may have very few eggs and eggs may
be absent in others. Genetic studies have shown that redds usually
contain the eggs of several females inferring that individual fish
contribute to several redds over a length of spawning area.
Assuming these differences were consistent and complete redd counts and/or
good quality catch data were available stronger relationships would be
anticipated. However, one of the fundamental issues in relation to
‘unevenness” in redd count data is likely to be the current approach to redd
counting which may include:
* inconsistent approach (up to three counts are carried out in some

reaches whereas many counts are single counts)
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* year to year variation in sections counted (due to water levels, staff
shortages etc); variation not included with counts so no effort data to

qualify counts

Within these constraints the analysis identifies some extremes. High redd
counts are a feature of the Owenea and Gweebarra systems suggesting that
both are high status fisheries. Alternatively it could be concluded that redd
counting data are of a higher quality in both (more intensive, widespread
activity which is adequately resourced with staff) or that counting is easier to
achieve in these catchments. Interestingly the rod catch is high on the
Owenea while the Gweebarra catch has been relatively low in recent years. In
contrast, the Leannan catchment, which has the largest quantity of accessible
habitat, has a very poor count reflecting its poor overall status as a salmon
fishery for at least the past decade. The challenge of accurate counting in a
large catchment like the Leannan could be argued but spawning is confined to
a relatively small number of key spawning areas. A grouping of three
catchments, each with similar wetted areas, the Duff, the Eske and the Glen
have low mean redd counts. The Eske and the Glen are below their CL based
on rod catch analysis and a poor redd count seems to reflect their status (Fig.
6.3.2). However, the Duff is a very prolific system with high spawner
escapement based on rod catch analysis. Another system with a low redd
count is the Eany which has an exceptionally high rod catch. The available
redd count data for the Duff and the Eany may indicate that neither system is
particularly suited to redd counting. The known redd counting areas are very
discrete and easily counted but it is likely that spawning occurs in multiple
isolated pockets of substrate throughout both systems which are difficult to

identify and time consuming to count.
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Fig. 6.3.1. Relationship between 5-year average salmon redd
(2002/03 to 2006/2007) and accessible fluvial habitat (km2)
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Significant progress has been achieved in recent years regarding redd count

techniques in that spawning locations have been captured and mapped using

GPS/GIS technology. This provides an accessible platform for enhancing the

data capture process which is hampered by the variability in the habitat and

the counting process. Examples of the impact of spawning habitat variability

have been discussed above but it is clear that data collection quality needs to

be improved to maximize the potential of this technique. All official redd count

data are presented without any count effort data which makes between year

comparisons prone to error. Critical factors include:

* Spawning area data: section walked, staff member, training received

* Counting conditions

* Quality rating: supporting information not provided with redd counting

data to assess quality
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Fig. 6.3.2. Mean annual rod catch 2002 - 2007 plotted against mean
annual redd counts 2002-2007
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Nationally, Regional Fisheries Board staff has expertise in the areas of
salmon and trout redd counting but to ensure consistency in this potentially
important monitoring tool specific training is required. A series of key index
rivers and sites on which annual redd counting would be undertaken on a
structured basis should be established. Some rivers are systematically
counted by RFB staff but there is a requirement to enhance this activity and to
provide standardized reporting formats. As Irish rivers are being managed on
an individual basis with regard to meeting river specific salmon conservation
limits, the requirement to obtain good redd counts to assess attainment of

river specific conservation limits will be critical into the future.

6.3.2. Recommendations for improved redd counting
Recommendations include:
* Training for consistency
* Devising and implementing a national redd counting protocol to include
standard survey form and GIS reporting
* Economy of scale: more advantageous to count several areas properly
to provide good relative indices rather than many areas poorly

* Consider remote counting where aerial imagery might assist
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It would not be feasible to count all redds in a medium or large system for the
reasons outlined. The starting basis for this programme is that all the
spawning areas can be identified. Redd counts from selected delineated
spawning zones can be used to provide an index (rather than a total count) of
spawning effort. This has the potential to produce a consistent and
comparable inter-annual assessment at the site that reflects recruitment
trends. The selection of index sites will be based on desktop spatial analysis
and a stratified random sampling approach. These sites will be monitored at a
high intensity over the entire spawning season, receiving frequent visits from
fisheries personnel. This programme aims to determine the best approach to
selecting the sites and determining the appropriate sampling frequency, timing

of sampling and the size of the area to be surveyed.

An extension of this approach would be the provision of spawning population
estimates made on whole tributaries with these estimates being compared
with conservation limits determined on a tributary basis. For example, in the
Girnock Burn, a tributary of the Aberdeenshire Dee, a ratio of 1 female salmon
to every 1.4 (composite) salmon redds has been recorded over a lengthy trap
monitoring programme (Youngson et al, 2007). Developing these ratios over
a broad range of spawning areas will be required in order to scale the number
of redds up to adult census estimates. Gallagher et al (2008) recommend
using a 1:1 ratio by assuming a one redd per female or applying a constant of
1.2 for multiple redds as per Duffy (2005). Similar monitoring programmes
are required for additional sites in lIrish tributaries before this ratio could be
used to scale up to adult escapement numbers. These assessments should
be integrated with catchment wide surveys of all spawning areas. Catchment

wide surveys will by their nature be conducted on a less intensive basis.

Despite reservations about the relationship between the number of spawners
and redd counts at local population scales Cowx and Frazer (2003) state that
redd counting has value to gauge spawning area contraction or expansion or
as a means to measure river recovery by the presence or absence of

spawning. Timing of redd construction may also be an indicator of the
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success of different stock components given that it is likely to be linked to run
timing. However, they would not view redd counting as a core assessment
technique. In contrast, Gallagher et al, (2008) cite several studies which have
shown positive correlations between redd counts for Atlantic salmon and the

numbers of adult spawners.

A detailed protocol for redd counting is not within the scope of this report.
Gallagher et al (2008) present a very detailed appraisal of redd counting and
its effectiveness stating that it is relatively inexpensive compared to tagging,
trapping or other forms of monitoring and considerably less intrusive. A
detailed protocol is presented in their review and many elements of this

protocol should be adopted for this revised redd counting regime.

6.4. Juvenile salmon indices

6.4.1. Juvenile salmon density comparisons

One of the main activities conducted during this study was to assess salmon
status through juvenile assessments derived from quantitative electrofishing.
These data provides a measure of spawning and nursery habitat utilisation
and an index of performance by highlighting areas with varying juvenile
densities. These may range from absences to high densities which may be
due to adverse environmental impacts, or different quality habitat conditions.
Together with accurate rod catch data the electrofishing results provide a

valuable assessment of salmon status in the catchment.

Comparisons of quantitative juvenile salmon densities are presented by way
of an overview (Fig. 6.4.1) and catchment site density distributions for fry and
parr (Figs 6.4.2 & 3). Salmon fry (0+) were absent from over 35% of sites in
several catchments: Leannan, Lackagh, Eske and Melvin. Some of these
absences were related to sites being situated above barriers but for the
Leannan, Lackagh and Eske systems the juvenile densities reflect the low
spawning escapement and generally low redd counts in each. Both of these
indices indicate that the Melvin system is performing well; the high rate of
salmon fry absence can be attributed to poor results from the County and

Roogagh Rivers.
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Fig. 6.4.1.
Salmon fry
densities by
catchment

To establish the relative status of fish populations in rivers in England and
Wales the National Rivers Authority (NRA, now Environment Agency)
developed the National Fisheries Classification Scheme (NFCS, NRA, 1994).
For salmon the scheme is based on an assessment of 600 sites and a series

of bands ranging from good to poor has been developed (Table 6.4.1).
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Table 6.4.1. Atlantic salmon abundance (per m?) associated with
absolute classifications in the NFCS (NRA, 1994). Grades run from A to
F. (e.g. Grade A > 0.86/m2; Grade B 0.45 — 0.86/m2)

Lifestage CLASS
A B C D E F
0+ 0.86 0.45 0.23 0.09 0
salmon
>0+ 0.19 0.1 0.05 0.03 0
salmon

Abundance categories developed by Crozier & Kennedy 1994 to relate semi-
quantitative abundance estimates with quantitative estimates derived from
numerous electrofishing data from rivers in Northern Ireland are presented for

national comparison (Table 6.4.1).

Excellent fry densities (> 1.15/m2) were recorded in sites in a few systems,
the Owenea, Eske and Melvin and often in only a limited number of sites. A
small proportion of systems have fry density profiles dominated by fair to good
abundance ratings (red line in Fig 6.4.2 denotes the “fair” cut-off point). The
Owenea has the highest density profile indicating its high status as a salmon
production unit and the Glen/Owenwee was also satisfactory. The remaining
systems are in the poor range in terms of overall 0+ density profiles

particularly the Leannan and the Lackagh systems.

Table 6.4.2. 0+ Atlantic salmon abundance (per m2) derived from

electrofishing in Northern Ireland rivers (Crozier and Kennedy, 1994)

A (excellent) | B (good) C (fair) D (poor) |E
(absent)
0+ >1.15 0.69-1.15 |{041-069 [0.1-041 |0
density
range
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No comparable data are available for salmon parr (fish > 0+) from Crozier and
Kennedy’s 1994 study. Applying a value of > 0.14/m2, which is good in terms
of results recorded by the survey team in other Irish catchments over the past
20 years, it is evident that several catchments are performing well. The
Owenea is consistent for both fry and parr and is the most productive juvenile
salmon producer of all catchments surveyed. Other good producers of salmon
parr are the Clady, Eany, Gweebarra and Melvin systems while the Leannan

is a consistent underperformer.

The catchment-wide semi-quantitative electrofishing technique, originally
developed by Crozier and Kennedy (1994) for the River Bush salmon
monitoring programme, began to be used nationally for monitoring the status
of salmon fry population in Irish salmon rivers in 2007. It is less labour-
intensive than quantitative electrofishing and provides a reliable, widespread
and rapid assessment of the status of salmon fry which is suitable for
catchment review. In the medium term, with suitable calibration, it is intended
to use this approach to determine if populations are above a threshold which
relates directly to CL attainment. For the purposes of this study and to
overcome logistical issues which arose from elevated water levels in the
Leannan main channel and the Duff catchment the semi-quantitative
approach was used. Apart from providing a relative assessment of fry which
showed that the Leannan and the Duff were supporting low abundances
relative to their carrying capacity, and, in the case of the Duff, identifying
overexploitation by the rod fishery which presented an exaggerated appraisal
of the fishery performance, this technique provides the fishery manager with
excellent spatial abundance data to enable identification of localized

environmental issues impacting on stocks.
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Plate 6.4.1. Upper reaches of the Eany
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Fig. 6.4.2. Salmon fry density frequency distribution from catchments
electrofished (n = no. sites sampled) — Duff excluded as n = 3. Red line
denotes “fair” abundance/m? per Crozier & Kennedy 1994
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Fig. 6.4.3. Salmon parr density frequency distribution from catchments
electrofished (n=no. sites sampled) — Duff excluded as n=3. Red line
denotes good parr abundance/m? (authors, unpublished)

6.4.2. Recommendations for continued juvenile assessments

The effectiveness of the catchment-wide approach has been recognized

nationally and regionally by the Central and Regional Fisheries Boards. Since
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2007 the national sampling programme has been carried out and the
technique has become a fixture in regular monitoring activities conducted by
all of the Boards. The value of this work has also been acknowledged by the
SSC and the results of the sampling programme are important determinants
in the decision-making process regarding the opening of rivers to catch-and-
release in the absence of any other data about a system. Detailed analyses of
these combined datasets were carried out in 2009 (SSC, unpublished) to
examine the linkages between fry abundance and CL attainment. Statistically
significant differences in mean catchment-wide fry abundances were
observed for rivers above and below their CL suggesting that the technique is
potentially very powerful. Additional data are required to develop the
robustness of the technique and this will be achieved over the next two years

of the programme.

In 2007 and 2008, a catchment-wide fry index of 25/5-min was used as a
conservative cut off point to facilitate catch-and-release angling, based on
data presented in Crozier and Kennedy (1994). It should be noted that the
Crozier and Kennedy 25 fry/5-min index was a site based index. The national
data collected in 2008 and 2009 allowed a more meaningful determination of
this cut off point and The results of this analysis showed that where there are
more than one year’s fry indices, the average should be 217 fry/5-min. For the
NRFB systems surveyed catchment-wide electrofishing should be carried out
annually in several catchments to deliver for the SSC, provide the required
management information and also to satisfy the requirements of the Habitats
Directive to report the conservation status of Ireland’s salmon resource on a
river-specific basis by 2013. A programme of surveys is set out in Table 6.4.3.
The combination of the semi-quantitative rapid catchment-wide survey, which
primarily targets salmon fry, and selective quantitative assessments is
recommended for any future salmon orientated survey programmes. It has
significant advantages in delivering a whole catchment appraisal rather than a
fully quantitative assessment which may be limited by time, staff and financial
resources. The CFB has begun to deliver surveys based on this approach to
catchment assessment for salmon and Cowx and Fraser (2003) recommend it

for monitoring SAC rivers. Following a review of electrofishing to assess
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juvenile salmonid stocks in Scotland Bacon and Youngson (2007) determined

that significant additional research is required. The use of standard reference

sites, sampling of pristine sites in both upland and lowland areas, collection of

length and scale data to examine size-at-age, and temperature data to

examine possible effects of climate change are included as part of an

appropropriate research programme, particularly in the context of the WFD

and the Habitats Directive.

Table 6.4.3. Proposed rolling programme for NRFB catchment-wide

electrofishing 2010 — 2013 for the systems reported in this report

System 2010 | 2011 | 2012 | 2013 | Rationale for assessment regime

Leannan yes yes yes yes Consistently underperforming MSW system; will
complement annual counter data

Lackagh yes yes Consistently underperforming MSW system; full
counter to be installed,

Clady yes To monitor fishery status

Crolly yes To monitor fishery status

Gweebarra yes To monitor fishery status

Owenea yes yes Potential model system acting as a control to
monitor prime regional performance as ISW fishery
but only if full counter installed

Glen/Owenwee | yes yes yes yes To monitor extensive restoration programme and
bogslide aftermath

Eany yes yes yes yes Full counter and discrete spawning areas;
declining adult runs in recent years

Eske yes yes yes yes Full counter and discrete spawning areas

Melvin/Drowes | yes yes yes Basic survey required to provide up-to-date
assessment

Duff yes yes yes yes To maintain time-series from 2007; to monitor
ongoing restoration and Bunduff falls passage
easement

6.5. Identification of barriers to anadromy

6.5.1. Barrier identification

The conservation status of a fishery is determined from various factors

including the capacity of the adult populations of salmon migrating to

freshwater to adequately populate the available habitat. Knowledge of the

extent of anadromy was a key determinant in calculating available habitat
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when the wetted area report (Mc Ginnitty et al, 2003) was being compiled
originally. The wetted area report also identified all known barriers to salmon
anadromy following consultation with RFB staff countrywide. This was
essential to defining accessible habitat and subsequently to underpin the

calculation of river-specific Conservation Limits.

One output from this NRFB salmon rivers study has been the identification of
additional barriers from the electrofishing programme and from NRFB staff
inputs. Juvenile salmon distribution data defines the extent of the productive
area and identify reaches where salmon are absent. Assuming that the
environment is suitable it is reasonable to conclude that absences are due to
the presence of barriers downstream. Results from the current project
identified putative barriers to migration which will alter the quantity of available
habitat in several systems (Fig. 6.5.1). Some of these alterations are based
on observations of barriers and relating juvenile distribution data or eels to
barrier presence. In other cases salmon do not enter certain channels to
spawn (RFB observation) and these are deemed as “not utilised by salmon” in
the current wetted area report. All catchments, with the exception of the
Crolly and the Gweebarra, require downward adjustment of wetted area on
the basis of these new data. All of the known current barriers in the Crolly and
Gweebarra were identified in the original analysis. The extent of the correction
in each catchment varies from minor to important because the barriers are
generally situated on lesser channels (low stream order), but to improve
salmon fisheries management in these systems all updates should be notified
to the SSC. This revised barrier information has been an important output

from the project.
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Fig. 6.5.1. New or potential barriers (red triangles) to salmon migration in
catchments in the Letterkenny (top) and Ballyshannon Districts.

Table 6.5.1. Putative additional barriers/natural limits of upstream
salmon migration for incorporation into any proposed revision of the
original salmon wetted area report (Mc Ginnitty et al, 2003)
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System Tributary | Location Rationale | Barrier Outcome
type
Leannan Glashagh | Middle Barrier Natural New revised limit
reaches at present; of anadromy on
Drumbolloge | no juv. this tributary
Bridge salmon at
Site Ln3
Leannan Bullaba Upper No juv. None; not | New revised limit
reaches salmon at | utilised by | of anadromy on
Site Ln9 salmon this tributary
Leannan L. Akibbon | Lower No. juv. Unknown | Further
inflow reaches salmon at investigation
Site Ln13 required
Lackagh Glen Middle No Natural New revised limit
reaches juvenile at of anadromy on
Site 5 this tributary
(Boylan
&Sheridan
, 1994)
Lackagh Owenwee | Full extent of | No None; New revised limit
channel juvenile high of anadromy on
salmon in | gradient; this tributary
two not utilised
separate by salmon
surveys
(current
and
Boylan &
Sheridan,
1994)
Lackagh Glasnasee | Middle No Natural; 1km | New revised limit
. . upstream of
ragh reaches juvenile confluence of anadromy on
salmonin | with this tributary
two Owenacarrow
separate
surveys
(current
and
Boylan &
Sheridan,
1994)
Lackagh Owenacarr | Upper No juv. None; not | New revised limit
ow/River reaches Salmon at | utilised by | of anadromy on
Barra Site 35 & | salmon this tributary
36 (Boylan
&
Sheridan,
1994)
Clady Altmore Full extent of | No Existing New revised limit
River channel juvenile barrier of anadromy on
salmon in | known but | this tributary
two channel
separate not utilised
surveys by salmon
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(current
and
Gargan,
1994)

Crolly

No
adjustment

Gweebarra

No
adjustment

Owenea

Stracashel

Upper
reaches at
Graffy’s
Bridge

No
juvenile
salmon
recorded

Natural
rock sills

New revised limit
of anadromy on
main channel

Glen

Lougherah
erk Lake

Falls d/s
outflow

No
juvenile
salmon
u/s falls in
two
surveys
(current
and
Boylan &
Sheridan,
1994)

Natural

New revised limit
of anadromy on
this tributary

Glen

Owenwee

Upper
reaches —
Lough Unna
outflow

No
juvenile
salmon in
two
surveys
(current
and
Boylan &
Sheridan,
1994)

Mixed
natural/
artificial
barrier

New revised limit
of anadromy on
this tributary

Eany

Stranahen
d stream

Lower
reaches

No
juvenile
salmon
recorded

None; not
utilised by
salmon

New revised limit
of anadromy on
this tributary

Eany

Eany Beg

Middle
reaches

Spot
electrofishi
ng;
barriers
identified

Natural

New revised limit
of anadromy

Eany

Sruell

Middle
reaches @
Meenawilder

g

Spot
electrofishi
ng;
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Eske Clogher Middle No Natural New revised limit
River reaches juvenile of anadromy on
salmon this tributary
recorded
in current
& previous
surveys
Eske Limestone | Lower No Natural New revised limit
Brook reaches juvenile of anadromy on
salmon this tributary
recorded
Melvin/Drow | Ballagh Upper No Natural New revised limit
es River reaches juvenile of anadromy on
salmon this tributary
recorded
Duff River Main Upper No Natural New revised limit
channel reaches u/s juvenile of anadromy on
main road salmon main channel
bridge recorded
Duff River Ballaghnat | u/s N No Natural New revised limit
rillick River ga,gagh”a”""c" juvenile of anadromy on
rage salmon tributary
recorded

6.6. Trout in the systems surveyed

Trout were widespread throughout the catchments surveyed. At least one life

stage was present at all sites quantitatively sampled. Trout fry were recorded

at 100% of sites in the Leannan, Lackagh, Eany and Duff catchments and a

high percentage occurrence was recorded in the remainder (Table 6.6.1). The

lowest occurrence was observed in the Crolly catchment.

Higher overall occurrence percentages were observed consistently for trout

parr (1+ fish) and the lowest value recorded was 84% from the Eany. Older

trout occurrences at sites were highly variable. High values (>70%) were

recorded for the Clady, Glen, Eany and Melvin catchments. Individual site

data are presented in Appendix 4. The presence of trout in all sites reflects

the adequate water quality capacity at all sites to support salmonids.
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Table 6.6.1. Frequency occurrence of different trout life stages at sites

sampled. * Melvin data are for 1+ and older combined.

System No. sites | 0+ trout fry 1+ trout >1 + trout
Leannan 19 100% 95% 58%
Lackagh 10 100% 90% 60%
Clady 7 86% 100% 86%
Crolly 6 67% 100% 67%
Gweebarra 16 75% 94% 44%
Owenea 14 93% 100% 21%
Glen/Owenwee 23 91% 96% 74%
Eany 19 79% 84% 95%
Eske 8 100% 88% 38%
Melvin 23 78% 100% *
Duff 3 100% 100% 33%

Density values were highly variable for all trout life stages (Table 6.6.2) &

(Appendix 4). Trout fry densities were generally low. This has been observed

previously in other salmon catchments such as the Erriff (Gargan and Roche,

pers. obs.) which are dominated by riverine habitat and where trout fry

densities were minimal in the main channel, being confined largely to the

smaller tributaries where exceptionally high densities were recorded.
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Table 6.6.2. Density ranges (no. fish/m2) expressed as min-max from

catchments sampled. * Melvin data are for 1+ and older combined.

System No. sites 0+ 1+ parr >1+
Leannan 19 0.07 - 0.82 0-0.19 0-0.04
Lackagh 10 0.04 - 0.38 0-0.38 0-0.03
Clady 7 0-0.14 0.01-0.17 0-0.02
Crolly 6 0-0.14 0.02-0.04 0-0.03
Gweebarra 16 0-0.26 0-0.14 0-0.04
Owenea 14 0-0.91 0.01-04 0-0.02
Glen/Owenwee 23 0-0.69 0-0.11 0-0.03
Eany 19 0-0.11 0-0.16 0-0.08
Eske 8| 0.007-0.53 0-0.62 0-0.06
Melvin 23 0-1.6 - 0.02 - 0.68*
Duff 3 0.1-0.55 0.09-0.13 0-0.02

6.7. Other fish species

An abundance rating system was applied to all non-salmonid species based
on in situ counts. The rating intervals were as follows: Abundance rating 1 =
1-10 individuals, 2 = 11-50, 3 = 51-100, 4 = 101-200, 5 = >200. This system is
particularly useful where shoals of fish are encountered. Detailed site

abundance data for these species is presented in Appendix 6.

6.7.1. Eels
Eels were recorded in all catchments sampled (Fig. 6.7.1). Distribution varied

within catchments — the highest percentage distribution was observed in the
Gweebarra, Eany and Eske catchments where eels were recorded in over
80% of sites sampled (Table 6.7.1). The lowest percentages were recorded in
the Clady, Glen and Melvin catchments. The regulating weir on the Clady and
the natural weirs on the Melvin tributaries (Roogagh and County Rivers) may

impede upstream migration.
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Fig. 6.7.1. Distribution of non-salmonid fish species recorded during

electrofishing surveys

Distribution was disparate in all catchments apart from the Gweebarra and the
Eany where eel distribution was widespread and virtually continuous. Eel
abundance was low in all catchments and a high percentage (86%) of sites
where eels were observed had an abundance rating of 1 (< 10 eels). 12%
had an abundance rating of 2 while a single site was documented where eel
achieved a rating of 3. The majority of the higher ratings were recorded in the
Gweebarra and the Eany catchments. Barriers to eel migration may be one
factor influencing their distribution in these catchments and these data should
be forwarded to the Scientific Eel Group to be included in the national analysis

of eel barriers.
The efficiency of multi-species electrofishing studies in enumerating eels is

limited and eel specific sampling is required to accurately assess population

strength. Nonetheless the low abundance of eels in these systems agrees
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with scientific advice that the European eel stock is outside safe biological
limits (ICES, 2007).

Table 6.7.1. Percentage distribution of species within sites sampled

Percentage of sites where species recorded

Catchment | No. Eel |3 spined Minnow | Flounder | Lamprey

sites stickleback

sampled
Leannan 19 39% | 21% 0 0 0
Lackagh 10 50% | 10% 0 0 0
Clady 7 29% | 0 0 0 0
Crolly 6 50% | 0 40% 17% 0
Gweebarra | 16 81% | 6% 0 0 0
Owenea 14 43% | 0 0 0 7%
Glen/O’wee | 23 35% | 0 0 0 0
Eany 19 95% | 1% 0 5% 26%
Eske 8 88% | 0 0 13% 0
Melvin 13 34% | 0 69% 0 0

6.7.2. Three-spined stickleback

This species was recorded in four catchments, in low abundance (Table
6.7.1). Apart from the Leannan, where it was recorded at 21% of sites
sampled, its presence was incidental. On the Leannan catchment this
species was recorded at three sites on the Glashagh catchment, which suffers
from periodic water quality problems. Kelly at al, 2007 found that three-spined

stickleback are indicative of enriched sites.

6.7.3. Minnow

Minnow were recorded from two systems only, the Crolly and Melvin — both
have substantial lakes. In Ireland, minnow are regarded as being widely
distributed and abundant (Kelly et al. 2007) so their presence in these waters

was not unexpected.
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6.7.4. Lamprey

Lamprey spp. were recorded in two catchments, the Owenea and the Eany
(Table 6.7.1). The specimens were not speciated but it is likely that all those
encountered were brook lamprey (Lampetra planeri) which is tends to have a
localized distribution but is quite common in Irish watercourses. All lamprey
species have a high conservation value and are protected under the Habitats

Directive.

6.7.5. Flounder
This species commonly inhabits the lower reaches of rivers as it spends part
of its juvenile life cycle in freshwater. Specimens were recorded in low

numbers in the lowermost sites in the Crolly, Eany and Eske systems.

6.8. Salmonid length frequencies by catchment
Large samples of juvenile salmon and trout were measured (forklength cm) at
all sites. Data were combined to provide a catchment overview of length

range and are presented for salmon (Fig. 6.8.1) and trout (Fig. 6.8.2).

In all catchments salmon length distribution was bimodal reflecting the
dominance by 0+ and 1+ fish. Previous studies in Irish salmon catchments
(compiled by Went 1970) found that the majority, circa 85%, of Irish adult
salmon migrated as two-year smolts. The dominance by 1+ parr and the
virtual absence of 2+ parr in these distributions suggests that salmon
populations in these rivers are not deviating from this smolt migration pattern.
This is also the case in many other Irish salmon systems where studies over
the past decade (authors, unpublished) have observed similar juvenile length

frequency distributions.
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Fig.6.8.1. Length frequency distributions for juvenile salmon by
catchment
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The modal length of 0+ salmon fry ranged from 3 to 6 cm. The lowest value
was observed in the Lackagh while the highest was in the Glen. 50% of 0+
salmon recorded modal lengths of 4 cm. Gibson and Cutting (1993) indicate
that habitat zonation (quality) and growth influence fry modality in different
river reaches but it would appear that underlying productivity is a factor in the
systems examined in this study. The Leannan, Crolly, Glen and Drowes were
producing larger fry, on average, than the other systems. Streams in the
Melvin catchment drain off limestone but granite, schist and gneiss geologies,
which are substantially less productive, underlie the other catchments. The
size advantage is also evident in salmon parr in the Crolly, Glen and Drowes
systems where the modal values are 2 to 3 cm higher than in the other
catchments. Assuming that this size advantage continues into smolting a
competitive advantage is conferred on salmon smolts produced (Saloneimi et

al, 2004) in these catchments based on this dataset.

Trout length frequency distributions were variable from bimodal to tri-modal
with some larger, older fish in the broader distributions (Fig. 6.8.2). The
majority of brown trout in all catchments were < 20 cm forklength. The same
modal value was recorded for 0+ trout fry and salmon in six of the
catchments. Exceptions were the Lackagh, Clady, Gweebarra and Eany
where trout fry were approximately 1 cm longer than the equivalent salmon.
The primary difference is observed at 1+ parr level where trout are
consistently larger than salmon. Juvenile trout are more aggressive than
salmon of a similar size and this restricts salmon to shallower habitat to which
they are better adapted than trout (Kennedy and Strange, 1986b). This has
obvious implications for availability of habitat in any system. In this regard it is
important to clearly identify production bottlenecks so as to ensure that any
remedial or restorative measures are beneficial and do not constrain the
quality of different habitat types within the catchment which both trout and

salmon require over the duration of their life span (Armstrong et al. 2003).
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Fig.6.8.2. Length frequency distributions for trout by catchment
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7. Conclusions and Recommendations
The distribution and abundance of salmon (and trout) in any catchment is
strongly influenced by its habitat. Abiotic and biotic factors influence the

habitat and both factors are intrinsically linked through composite webs.

The primary aim of this project was to assess the salmon resource in eleven
key catchments within the NRFB remit, with a view to maximising sustainable
juvenile salmon output in freshwater. This was achieved by using available
data on adult populations (including rod catch and redd counts), reviewing
juvenile population status and assessing habitat quality. Post assessment,
recommendations for habitat restoration or enhancement were compiled and
various programmes for improved monitoring of salmon populations were

recommended.

7.1. Quantity and quality of the salmon production resource

The 11 systems investigated accounted for almost 5% of the total national
accessible fluvial wetted area (Mc Ginnitty et al., 2003) and 60% of the entire
accessible wetted area salmon resource in the NRFB area. The Leannan

accounts for 1% of the total national accessible resource.

Stream gradient is known to be one of the principal determinants of juvenile
salmon production (Amiro, 1993). Gradient is a surrogate of biologically more
meaningful hydromorphological entities such as riffles, glides and pools, and
medium gradient (classes 4, 5, 6) habitat has been shown by Amiro (1993) to
be potentially the habitat with the best capacity for juvenile salmon production.
The combined total of the Letterkenny and Ballyshannon Districts medium
gradient habitat (1.23%) is ranked second only to the Waterford District total
of 1.42%, which has the highest overall productive potential, which
emphasises the productive capacity potential of rivers in the NRFB Region for

salmon, as a whole.

The project identified that the Leannan, by virtue of overall catchment size,

has the highest percentage of the potentially more productive, medium

208



gradient channel, but medium-sized catchments like the Owenea, Glen, Eske,

Eany, Drowes and Duff are prominent indicating their natural potential.

Salmon fry and parr densities vary immensely in natural watercourses and
one of the primary limiting factors is usually the availability of suitable habitat.
For the duration of the life cycle, each lifestage utilizes different habitats and
habitat availability will strongly influence final recruitment to the smolt stage.
Having established that sufficient quantities of potentially productive habitat
are available in the majority of catchments studied, water quality in the
catchments in the period prior to this study, which would influence one
primary index, juvenile densities, was assessed. Based on the 2003
quantitative analysis which was presented in the wetted area report (Mc
Ginnitty et al, 2003), only the Leannan and Glen Rivers and, to a lesser
extent, the Eske displayed any level of water quality impairment (Fig. 3.8). All

of the remaining channels were classified as unimpaired.

7.2. How are salmon catchments in the NRFB region performing?

7.2.1 Assessment of the resource based on biotic factors

In a national context any review of salmon stocks has to concentrate on the
period post-closure of the mixed stock fishery at sea (i.e. the drift net fishery)
in 2007. Mc Ginnitty et al., (2007) demonstrated, through a comprehensive
salmon genetic stock identification analysis, the extensive mixed stock nature

of this fishery.

Data from the National Fish Counter Programme (Fig. 7.2.1) shows counts for
the years after the closure to 2009. Assuming that exploitation rates on wild
stocks in this fishery averaged approximately 50% in recent years (based on
coded wire tag returns), an increase of 100% (i.e. a doubling of counts
indicated in the figure below) might have been expected in 2007. This was
achieved or exceeded for most rivers in 2007. While this increase was noted
again in 2008, in only one case was the increase higher than in the previous
year. In 2009, virtually all counts were down on the previous two years with
some counts being even lower than the pre-closure period. Both the Eske

and the Eany reflected the national trend.
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Fig. 7.2.1 Percentage change in salmon returns based on counter data 2007 -
2009 following closure of the salmon mixed stock drift net fishery in 2006 (from
SSC report 2010)

An earlier review - the national assessment of the status of Atlantic salmon for
the EU Habitats Directive - found that the overall conservation status of
salmon in Ireland was “bad” (CFB, 2007). The assessment stated:

“The salmon population in Ireland has declined by 75% in recent years and
although salmon still occur in 148 Irish rivers, only 43 of these have healthy
populations”. (Anon. 2008)

Note: The analysis carried out by the SSC in 2008 indicated that the
number of rivers with “healthy populations” i.e. meeting Conservation

Limits was now 57.

Factors leading to this decline are described and included reduced marine
survival (from several factors including possibly climate change), poor river
water quality (resulting from factors such as inadequate sewage treatment,
agricultural enrichment, acidification, erosion and siltation), forestry related
pressures and over-fishing. Concerns related to factors causing mortality at

sea, such as diseases, parasites and marine pollution are noted. Although
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the range where salmon were to be found was classified as good, the
population size was considered bad, habitat condition was considered
‘inadequate” with future prospects also considered poor. The overall
classification for the Atlantic salmon in Ireland, based on a decision matrix,

was therefore “Bad”.

Table 7.2.1. Catchments ranked by total scores of biotic assessments.

Scores are rated from 1 to 5 (low to high).

Spawning Redd Juvenile | Total score
escapement |counts |assessments
levels
Owenea 4 4 4 12
Melvin 5 3 3.5 11.5
Gweebarra 4 4 3 11
Clady 3 4 3 10
Duff 4 3 2 9
Eany 2.5* 1 3 6.5
Glen 2 1 3 6
Lackagh 1 2 2 5
Crolly 1 2 2 5
Eske 1 2 2 5
Leannan 1 2 1 4

* Recent counter data reflected in Eany score

The current project identified, through various indices, including spawning
escapement levels, redd counts and juvenile assessments, extremes in
salmon population health status in the NRFB area that concur with the
general findings of the national assessment. The Owenea scored extremely
positively for all indices while the Leannan fared very poorly and ranked
lowest for most. The remaining catchments were positioned within these
extreme boundaries (Table 7.2.1). Two divisions emerged from this
assessment. An upper division comprising the Owenea, Melvin, Gweebarra,
Clady, Eany and Duff and a lower division including the Glen, Lackagh, Crolly,
Eske and Leannan.
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7.2.2. Recommendations for habitat improvement

Comprehensive habitat restoration programmes have been developed and
are presented for each catchment in the body of this report. The natural
division of catchments will serve to focus management on improving the
status of catchments in the lower division. Physical restoration or
enhancement programmes have been developed for the high performance
catchments (upper division) but best value for money would be achieved by
prioritizing within the lower division. The extensive Glen and the Leannan
catchments should be targeted for intensive programmes to restore their
production capacities which have deteriorated over the past two decades for
different reasons. The modification of the weir at Watts Pool has been
identified as a priority measure. The “do-nothing” option is recommended for
the Lackagh and Crolly catchments which are physically stable. Lough Eske
modulates flows on the Eske and apart from the extreme erosion on the
Lowerymore the Eske system has a good physical habitat regime. Where
funding opportunities permit capital works should be undertaken on the
Lowerymore but it is liable to be a significant drain on limited resources in the
current economic climate and a “do-nothing” approach is advocated in this
channel as sheep destocking may facilitate a natural recovery in this highly
erosive channel. The recent decline in the Eany, if it continues, may require

intervention to investigate likely causes and targeted remedial measures.

One exception to the strategic approach being recommended for prioritisation
of habitat restoration is the installation of the large gravel trap in the upper
reaches of the Shallogen River in the top ranked Owenea catchment. Severe
degradation of this immensely valuable tributary will continue unless
immediate steps are taken to prevent extreme gravel movements which occur
regularly and are causing major erosion and instability problems with

associated production losses.
Some costs for specific habitat programmes have been included in the

relevant catchment assessments. Since these proposals were originally

developed and subsequently modified in 2009 the economic downturn has
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resulted in major reductions in the costing structure for all construction work
and materials. Reductions of up to 50% in material prices (stone etc) are not
uncommon and on a local scale this may be even more variablie. In view of
this no attempt has been made to compile a costing for implementation of the
full restoration/enhancement programme as it would be grossly inaccurate. It
is recommended that the NRFB Inspector would cost the plans as presented
in this document on a prioritized basis to ensure delivery of best value for

money for each system and for the NRFB.

7.3. Wetted area update

The physical driver for salmon Conservation Limits in Ireland is accessible
riverine habitat which was initially quantified in the wetted area report (Mc
Ginnitty et al., 2004). Over the course of the present study several systems
revealed absences of juvenile salmon which were attributable to new or
previously unknown barriers in 10 catchments. These barriers are listed in
Table 6.5.1. A total of 15 barriers and 5 channels which adult salmon do not
utilise are listed. As all of the barriers are natural they cannot be modified
under the terms of the Water Framework Directive — none are effecting any

reduction in juvenile production.

Recommendation: The presence of additional barriers in all systems except
the Clady and the Gweebarra (Fig. 6.5.1) should be notified to the Standing
Scientific Committee as these new barriers will reduce the nominal quantity of
accessible habitat in each catchment and have the effect of lowering the CL.
Some of these barriers are on high order streams and are likely to have a
bearing on CLs and it is important to ensure that the wetted area model is

refined and accurate where additional data are available.

7.4. Fisheries assessment techniques and CL attainment

7.4.1 Current inputs to the SSC process

Gargan et al., (2008) identified counter and rod catch as direct measures, and
redd counts and juvenile salmon assessments as indirect measures of CL
attainment. Data from fish counters monitored by the Regional Fisheries

Boards, the Marine Institute, the Electricity Supply Board and private owners
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is provided for the annual scientific review of CL attainment undertaken by the
Standing Scientific Committee. Rod catches from the CFB/RFB salmon
carcass tagging scheme is central to the process and catch data from other

CFB/RFB verified sources as also incorporated.

7.4.2. Recommendations for improving NRFB rod catch inputs to the
SSC process

It is recognized that total fish counters are the preferred mechanism to
determine CL attainment but it is not feasible to install counters in all rivers. A
counter programme is in place for all RFBs and all potential counter
installations are reviewed under the Conservation Stamp funding measure
and funding is prioritised based on strict qualifying criteria. Rod catch data is
expertly collated by CFB/RFB staff annually but additional data are required to
fully understand the dynamics of salmon populations on a river-specific basis.
Where fisheries are open salmon stock statistics should be collected to
determine the composition of the stock particularly the percentage of MSW

salmon in the population.

Salmon stock structure statistics to be collected by river

» Biological data: length, weight, sex, fresh-run or stale

» Scale collection for age, sea age, run-timing and growth data

Because of their larger size MSW salmon bring more eggs (on average 2 —
2.5 times) into a catchment, and with higher female to male sex ratios than

1SW salmon, they are considerably more valuable.

The angling exploitation rate on salmon stocks by angling can vary depending
on the size of the salmon stock, time of year fishery operates, level of angling
pressure, angling method, nature of the fishery, (i.e. river only fishery or river
and lake fishery, etc). Currently a range of exploitation rates is applied to all
rod catch data to estimate total salmon stock size in rivers without counters to
determine stock size and if conservation limits are being met. It would be

preferable to determine river specific rod exploitation rates and rod

214



exploitation rate on spring salmon and grilse fisheries. One method of
achieving this goal is tagging and release of adult salmon in the lower reaches
of a system and anglers reporting back on captures of tagged fish. This is a
typical mark-recapture type study. The Bunduff falls fish passage easement
proposal, designed by O’Grady in 2009, should be monitored using mark-

recapture techniques to review its effectiveness.

7.4.3. Recommendations for improving NRFB redd counting

Section 6.3 of this report details the potential value of redd counting and
identifies it as a very useful index if counting and reporting is properly
structured. Consistent effort over a standard area to provide index counts is
more valuable than attempting an all-inclusive catchment-wide approach.
Gallagher at al. 2008 describe a detailed redd counting protocol and this
report firmly endorses development of a protocol based on Gallagher's
approach to maximize the quality and usefulness of this technique. A more

comprehensive review is presented in Section 6.3.

7.4.4. Recommendations for catchment-wide electrofishing

This technique for juvenile assessment has demonstrated excellent potential
as a tool for determination of CL attainment. Section 6.4.2 describes the
technique and how additional data are required to build up solid time-series
data to devise robust relationships between juvenile 0+ salmon timed
abundance and CL attainment. Table 6.4.3 presents a 4 year programme for

this activity within the catchments surveyed over the course of this study.

7.4.5. Detailed study of MSW stocks

To manage MSW salmon populations rationally it is essential to understand
fully all the processes that influence MSW salmon production. Current
knowledge of the life history of MSW salmon in Irish waters is limited and
requires elucidation if effective management strategies are to be formulated.
Identification of MSW salmon spawning areas is essential to begin the

process of proper management in the freshwater environment.
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With the MSW component in general decline in lIrish fisheries, fishery
managers are expressing concern about the future of the stock. Central to

managing the stock is identification of spawning areas to:

* Allow relevant authorities to enable measures to adequately protect these
extremely important MSW spawning habitats (e.g. impose special area of
conservation status or similar)

* Provide the opportunity to study MSW spawning timing and the numbers
and behavior of spawning MSW adults

* Provide index sites to monitor of MSW adult escapement and level of
spawning activity

* Provide opportunity to study and model juvenile MSW progeny production

* Enable targeting of specific measures to protect and enhance these areas
rather than wide non-targeted dispersal of such efforts — very important
where funding may be limited

* Allow monitoring of environmental variables influencing the spring running
trait

* Allow important input to the development of models of the life history and
exploitation rates

* Permit investigation and measurement of the particular physical habitat
characteristics and subsequent restoration of degraded habitat

* Permit examination of certain anthropogenic activities on these habitats

Water temperatures will require to be regularly monitored in watercourses to
understand potential effect of increased temperatures on all biota, especially
fish populations. The performance of salmon, particularly MSW salmon, may
be criticially impacted by increased water temperature. Installation of a
network of inexpensive temperature monitors (< €100) in various habitats
throughout rivers in the NRFB area is highly recommended. Data derived from
this type of inexpensive long-term programme will provide important

information to allow monitoring of any possible impacts of climate change.
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On a broader scale, to deliver on rational management for the valuable MSW
stock component it will be necessary to fund a research proposal designed to
assess the feasibility of using genetic material from juvenile and adult salmon
to discriminate between MSW and one-sea-winter salmon (grilse) progeny so
that the spawning areas of MSW salmon can be accurately identified and
afforded targeted and possibly increased protection from any degradation.

7.5. Sea trout
Sea trout, the migratory form of trout (Salmo trutta), offer excellent sport often
when angling conditions are less than ideal for salmon. Several systems and
their estuaries within the NRFB administrative area offer quality sea trout
angling which should be thoroughly investigated to understand the extent and
quality of the resource. NRFB has made good progress in investigating the
angling potential of several estuarine/coastal fisheries (e.g. the Erne estuary)
but additional work is required in the riverine fisheries. A major international
study, the Celtic Sea Trout Project, with CFB heading up the Irish interest, is
currently underway. Extending from sea trout fisheries (riverine and estuarine)
in Strangford Lough to Lough Currane in Kerry the main aims of the study are:
* To understand and describe sea trout stocks in the Irish Sea and
thereby to enhance sea trout fisheries and strengthen their
contributions to quality of life, to rural economies and to national
biodiversity.
* To explore the use of sea trout life history variation as a tool to detect
and understand the effects of climate change.
To close the circle and develop a thorough understanding of all sea trout in
Irish waters, the new inland fisheries agency, Inland Fisheries Ireland, should
consider developing a complementary sea trout research project extending
from Lough Currane northwards to the exisiting NRFB area and over to
Strangford Lough. Central to this project would be the valuable sea trout
fisheries in the NRFB area including several of the eleven systems

investigated over the course of this study.
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7.6. Future prospects and the management objective

This study has identified several catchments which are underperforming,
several which are in the middle ground and some which are extremely
satisfactory in terms of performance. The physical resource is generally
satisfactory in terms of quantity and quality, although some specific problems
were identified, and water quality, with some notable exceptions (parts of the
Leannan), is also satisfactory. The reasons for the underperformance in some
catchments may be due to subtle intermittent factors which may include the
possible impact of sea lice infestation from marine salmon farms on migrating
salmon smolts (Gargan, pers. comm.), stocks which have been genetically
compromised by stocking or introgression with farm escapees (McGinnitty et

al., 2009), and the effects of acidification in poorly buffered catchments.

Environment
Freshwater A

Influences

f o B

| . \ Parasites and

[ affecting |
salmon |
-_Growth A

N
@ ‘ Food ‘ ‘ Competition ‘
C ’ Life History Responses ‘ :

Fig. 7.5.1 Factors affecting salmon survival (from Anon, 2007)

One of the most influential factors is likely to be reduced marine survival. For
the past 15 years ICES has been reporting that marine survival indices remain
low and are considered to be a key factor limiting salmon production.
Although there has been considerable fluctuation, estimates of marine
survival prior to 1996 for wild stocks were generally higher compared to more
recent years with survival rates in excess of 20% (i.e. 20 adult returns to the
coast for every 100 smolts migrating, The current estimates suggest that
substantially less than 10% of the wild smolts that go to sea from lIrish rivers
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are surviving (i.e. less than 10 adults returning for every 100 smolts
migrating). Marine survival is influenced by many factors and there are real
concerns relating to factors causing mortality at sea including predation by
seals, diseases and parasites and marine pollution. The multi-agency
international SALSEA research programme, which is investigating marine
mortality, will aid fishery managers to understand the likely factor and this will
improve understanding of the scale of the problem when it reports in due

course.

The NRFB will have to adopt a watching brief until the SALSEA project
reports and understanding of this complex issue improves. For the
foreseeable future the primary role of the NRFB, under its statutory function,
is to continue to ensure that freshwater production units (i.e. salmon
catchments) are fully functional in terms of habitat and water quality, and that
juvenile and adult stocks are protected under the various national and
international obligations which underpin salmon stock management in this
country. This approach is fully aligned to the NASCO Plan of Action for the
Protection and Restoration of Atlantic Salmon Habitat (Anon, 2001) which
aimed to maintain and, where possible, to increase current productive
capacity of Atlantic Salmon habitat. Key actions in the NASCO Plan have
been delivered: inventory of rivers including an assessment of stock status,
reporting baseline salmon production and identifying impacts responsible for
reducing productive capacity and to facilitate development of restoration
plans. Protection of the freshwater environment and maximising its potential if
any improvement in adult escapement occurs must be the primary focus of
the NRFB as it has been since its inception. Underpinning this primary role is
the collection of baseline datasets and continued monitoring of stocks to
detect any change in salmon status. The NRFB has been active in carrying
out remediation works in many salmon catchments since acquiring the

freshwater salmon brief in 1980 under the 1980 Fisheries Act.
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The current report, commissioned by the NRFB, generated various outputs
including:
» A fully geo-referenced high quality oblique aerial photography suite for
all catchments surveyed
» A detailed fish stock assessment for all species
* An aerial and on-the-ground freshwater habitat quality assessment
* A detailed programme of restoration or enhancement measures for
each catchment (if required)
» A set of comprehensive survey data sheets with site photographs
» Sets of scales from juvenile salmonids retained for any future analysis
(genetics, microchemistry etc)
« Annotated historical data captured
« A comprehensive database of fish species and their abundance or
density values
* A report detailing individual catchment performance based on biotic
indices

« Recommendations for enhanced baseline data capture processes

The report provides baseline data to measure any change in performance or
fishery status in addition to recommending priority actions for the restoration
or improvement of any degraded or underperforming habitat within the study

area.

220



References

Amiro, P.G. (1993). Habitat measurement and population estimation of juvenile
Atlantic salmon. In R.J. Gibson and R.E. Cutting [ed.]. Production of juvenile Atlantic
salmon in natural waters. Can. Spec. Publ. Fish. Aquat. Sci. 118. P 81-97.

Anon, 2001. The Fisheries Boards and the Irish Farmers Association Protocol.
CFB/RFB/IFA, Dublin.

Anon, 2001. NASCO Plan of Action for the Application of the Precautionary Approach
to the Protection and Restoration of Atlantic Salmon Habitat CNL(01)51

Anon., 2002. Outline Proposal for the Development and Management of Angling in
Donegal — Consultation Document. NRFB 56 p.

Anon., (2007) Report of the Standing Scientific Committee to the Minister for
Communications, Marine and Natural Resources.

Bacon, P.J. and Youngson, A.F. (2007) The application of electro-fishing to produce
census estimates of juvenile salmonid populations within defined areas: taking stock
of the options. Scottish Fisheries Research Report. Number 67. ISSN 0308 8022

Boylan P. and Sheridan P.1994 Biological survey of the Salmonid River Catchments
in County Donegal. Central Fisheries Board, Dublin, Ireland.

Cowx IG, Fraser D. 2003. A standardised survey and monitoring protocol for the
assessment of salmon populations within SAC rivers. Conserving Natura 2000 Rivers
Monitoring Series No. 3, English Nature, Peterborough

Crisp, D. T., Mann, R. H. K. and McCormack, J. C. 1974 The populations of fish at
Cow Green, Upper Teesdale, Before Impoundment, Journal of Applied Ecology, 11:
969-996.

Crozier, W. W. and Kennedy, G. J. A. 1994 Application of semi-quantitative
electrofishing to juvenile salmonids stock surveys. Journal of Fish Biology 45:159-
164.

Duffy, W. G. 2005. Protocols for monitoring the response of anadromous salmon and
steelhead to watershed restoration in California. California Cooperative Fish Research Unit,
Humboldt State University, Arcata. Prepared for California State Department of Fish and
Game’'s salmon and steelhead trout restoration account agreement no. P0210565.

Eatherley, D.M.R., Thorley, J.L., Stephen, A.B., Simpson, |, MacLean, J.C. &
Youngson, A.F. (2005). Trends in Atlantic salmon: the role of automatic fish counter
data in their recording. Scofttish Natural Heritage Commissioned Report No. 100
(ROAME No. FO1NBO02).

Gallagher, S.P., Hahn, P.K.J & Johnson, D. H. (2008) Redd Counts IN Salmonid
Field Protocols Handbook - Techniques for Assessing Status and Trends in Salmon
and Trout Populations. American Fisheries Society, Portland, Oregan. 478 pp

Gargan P. G. and Whelan K. F. 1990. A preliminary survey of the Clady Catchment

(Co. Donegal) and recommendations for the development of the fishery. Central
Fisheries Board, Dublin, Ireland.

221



Gargan, P.G., and Roche, W.1993 A baseline survey of the Glenaniff and Ballagh
Rivers, Lough Melvin Catchment and Recommendations for Fisheries Development.
Central Fisheries Board, Dublin, Ireland.

Gargan, P. G., Tully, O. & Poole, W. R. 2003 Relationship between sea lice
infestation, sea lice production, and sea trout survival in Ireland, 1992-2001. In
Salmon at the edge (ed. D. Mills), pp. 119-135. Oxford, UK: Blackwell Science.

Gargan, P., Kelly, F. 2001 Electrofishing survey of selected tributaries in the Lough
Melvin Catchment. Central Fisheries Board, Dublin, Ireland.

Gargan, P.G., Roche, W., Keane, S., & Stafford, T. (2008) Report on Wild Salmon
Fishery Management Initiatives 2007. Central & Regional Fisheries Board report,
CFB, Dublin.

Gibson, R. J. and Cutting, R.E. (eds). 1993. The production of juvenile Atlantic
salmon, in natural waters, Can. Spec. Fish. Aquat. Sci. 118: 262 p

Kelly, F. Champ, T., McDonnell, N., Kelly-Quinn, M., Harrison, S., Arbuthnott, A,
Giller, P., Joy, M., McCarthy, K., Cullen, P., Harrod, C., Jordan, P., Griffiths, D., and
Rosell, R. (2007). Investigation of the relationship between fish stocks, ecological
quality ratings (Q-Values), Environmental factors and degree of Eutrophication
ERTDI Report 73. Synthesis Report for the project: 2000-MS-4-M1.

McCarthy 1972 The Ecology of Brown Trout and Salmon in the River Owenea,
County Donegal. Irish Fisheries Investigations, Series A, No. 9.

McGinnity, P., Gargan, P., Roche, W., Mills, P. & McGarrigle, M., 2003 Quantification
of the Freshwater Salmon Habitat Asset in Ireland using data interpreted in a GIS
platform. Irish Freshwater Fisheries Ecology and Management Series: Number 3,
Central Fisheries Board, Dublin, Ireland.

McGinnity, P., Gargan. P.G., Roche, W., Mills, p. & Mc Garrigle, M. Calculation of
salmon conservation limits for Irish rivers based on wetted area (2005). Quantifying
the freshwater habitat resource as a basis for management of Ireland’s Atlantic
(Salmo salar L.) fisheries. Proceedings, IFM Conference, Cardiff, 2004, pp 116-179.

Mc Ginnity, P., Gargan. P.G., Roche, W., Cross, T., Dillane, E. Coughlan, J. (2007)
The Use of Genetic Stock Identification (GSI) Techniques to Determine the River of Origin of
Salmon. Marine RTDI 2000 — 2005.

McGinnity, P., Jennings, E., deEyto, E., Allott, N., Samuelsson, P., Rogan, G.,
Whelan, K., and Cross, T. (2009) Impact of naturally spawning captive-bred Atlantic
salmon on wild populations: depressed recruitment and increased risk of climate-
mediated extinction.Proc. R. Soc. B 2009 276, 3601-3610

Moorkens, E. 2010. Freshwater Pearl Mussel - Second Draft- Clady Sub-Basin
Management Plan. Dept. Envir. Heritage and Local Government.

National Rivers Authority (1994a). The NRA national fisheries classification scheme: a users
guide. R&D Note 206, NRA, Bristol.

222



O’Grady MF & O’Leary C (2007) Irish Fisheries Recovery Dataset Provision.
Programme of Measures and Standards — Freshwater Morphology. Central Fisheries
Board.

QED Statistics, Version 1.1, 2007, Pisces Conservation Ltd. Lymington, UK
(www.pisces-conservation.com) or Henderson, P.A. and Seaby R. H. M. 2007, QED
Statistics 1.1, Pisces Conservation Ltd, Lymington, UK.

Roche, W., Gargan P. G. and Jordan R. 1994 A survey of salmonids stocks in the
Leannan catchment with management recommendations for the spring salmon
fishery. Central Fisheries Board, Dublin, Ireland.

Roche, W.K., 2002. An appraisal of selected freshwater fisheries in Donegal Bay.
Donegal Co. Co. commissioned report. Central Fisheries Board.

Saloniemi, |., Jokikokko, E., Kallio_Nyberg, I., Jutila, E., & Pasanen., 2004. Survival
of reared and wild Atlantic salmon smolts: size matters in bad years. ICES Journal of
Marine Science, 61:782-787.

Seber, G. A. F. and Le Cren, E. D. 1967 Estimating population parameters from
catches large relative to the population, Journal of Animal Ecology 36: 631-643.

Went, AEJ (1970). Irish Salmon Fisheries IN Atlantic Salmon Association Centennial
Award Fund. The Atlantic Salmon Association, Montreal, Quebec, Canada.

Youngson, A.F. MacLean, J.C. Bacon, P. J. Godfrey, J.D. Smith G.W. and Thorley
J.L. 2007. Salmon Assessment in Scotland: Bringing Information Resources into Line
with Recent Research on Methods. The Scottish Executive Environment and Rural
Affairs Department Scottish Fisheries Research Report. Number 68, ISSN 0308 8022

Zippin, C. 1958 The removal method of population estimation, Journal of Wildlife
Management 22(1):82-92.

Electronic report:

SSC (2008) Report of the Standing Scientific Committee
http://www.dcenr.gov.ie/NR/rdonlyres/4C22F751-4EO0A-46FC-8762-
9FDFBB53907B/0/NSCCatchadvicereport07for08Draft4.pdf

223



1444

SIo1eWIO|Iy| T
8C Lc 7l A 0

auolsaWI snolayiuogles Jaddn
sauo)spUeS *® S8JBYS UejUOAY Jaddn
SslsUD @ ISIYoS

ajizpend

suojspues psy plo

saleg auoisbe|4 g JD suols|IN

aUO}SBWIT shoJajiuogies a|ppIN
BUOJSBLUIT SnoJajiuogIe) JomoT

SNOIBHUOCIRD) JUBILOAY J8MOT

=) 6N
A
=4

e auoysaWIM
G L~ e
o~ puels|

aysjed ‘spueID

sjus(oq ‘olddes ‘spuold
AD0703

uolos|es w‘_w>_‘_|ymc

SjUBWIYDIED Pajosas g4uN

puaba

0

ABojoan)

sj}oays Aaains pjaid 9 g48N Ul SOVYS pue asn pue ‘ABojoag — | xipuaddy




Y44

SIa1RWO|Y
8C Lc 7l A 0

QnJoS-pPooMm |euoljiSuel | 7’

(‘Bon |einjeu +) -olibe Ajjedioulg _H
sBog 1esd _H

ainjseq _H

SpUB|SSeID [einjeN _H

spue|yjesH g SI00p _H

1590} SNOJBHLOD _H

uoleAlND Xa|dwoD

183104 Jea|peoig

asn pue

&m‘v J

s 4 > StA UoN08|as SISAIl Jeu
i SETAEN 7 oo _
\‘%awrm‘,)w, 4 ‘fVMW\AmW‘!\ ¥ avy . 7 ‘>% SjusWyoleo pajosles g4xN |
G e A Y
wwﬂmz = 5 M\A«\& Ucwmwl_

&E3t 4

EAT g

o L

M

o asM pue

N =)




226



LTT

B4 o SR TRy By B g po SRR P i G aaseegR SB[ BYIEOERY A

‘unleas) Bupduwes yaes 3o pojdiues ueeuuo) feang

SRS EE LS

i b um g,
.@. @. m»_z,,._ﬂ.,_ ftiey %v ﬁ Ay
| P! . B T i gl “hiagany
[y & o s am
e %. : Busidg
SENOILYONIWND D3y STYILNE LOGSNLY LS LNIHHND
A
[Cuotes e -
- SHT| RG]
[ TREPCEERT TR ] purpar |
gl M (ali=] wmpau [3667=] A o e TSHH) amRL
[ T P T T e (s T TR P ET T T | MR ]
) P HAADD AU L 0L 4010 JaVILs BN EC
R e
EIENE ELIGTH L S Tunun g [IEE R padiaunny St SHT
panaxpes2 4o gaasvon f ) ey 8 G4 AL LV LIV (3 s e NOLLVIADEA IV THISNT 56 e 7 ) NOLLVLEDEA TVRIDMY IV
EEETIEy T
TR (=) W% P e ]
TG00 T PUE a3l dils e
TG (3 (i [
AWEGHT-G) | BRI
AN Z-a g} e ELTEIEN
AR Janeeg parode| T g g
HEGEET TR U SHE THT
e e i pog msaAE ) oL VHLLEIN S| (R 01 STNLYEL NS
TIITS A0 NOTIVIO']
W §r) wiall Ay
WU PALLY PAULEA snmg e e @ dures aussn ey R
tamh g | 1uml wadap |5 ¥ £ £ ! oIk RN, P A NoaRaN NN Saw L tq apdines WBMmag afieupen Ao
(loodmpgay)|  ueaw e SHd SHT (s} (10} ez iy .
sl 1EIqEN Qs (wa) qudar] — g panyoy  pndmg WD SMIRE venn|og (USR] AR SRR T AP puam
R RO s e O LA < T T [ 's o ) Ty AissepEg, i) 5| diiies sy, 1 Ly |
.................... SIS AEefag, e spdesBoe SRI0SA ] LAMAAD
s aps Jo yyduacg 1) P mE g ELV R A Tt s | PRI L AR ey s edag] s, paea] AREL]
siep wmcpow R poof pasa) S s ) oumpe it 895K 4 ALY J0 0N, o aug
Hupemy afnen Hugsedag, Sufpais WAy AR P Sy gy spduies jo UG S0 T SH g s v Rl
san - J— WA SIS ] oo ] A0 L) ISR s100 dagg e AHEAIR
13945 AOAINE UAWSSISSY IENAFH ¥ §I0IS 5L
SjusaINSeo [E2fSAld palelaq spawog] Atans] ruoiiay § Eaua




8CC

TG e iAol Tl sl
Wgses ML sE POIMESE DRl el DisE
a0 ENTIU WO
TINANWNOD T2 7 SEnEIAIpan oy WG GPER | daRie ajr]| | sresdy s WidEea Dl
pam gy, 10wy smumdng
SLHDE N H2AVE “ )
00Z<=§ HOEE0A=k  0DE-IERT praamBop i
SHY SH1 sarady] SEOLRPUIL] Y
aaupuny SIS INYTd HONYEIN SHIDIAS 1 XHNNY
2
2
0 Bt
PRl (i Snadimy ey R L] il qawoaqang | NPEOPEE
FAIDHIS WA H -
] T ot NOTLYIHOANT TYNOLLIOOY
1 (A
cl BE
bl LS SRR,
il B Ll
7 T [ paummgay ajduns R gy
3 rL
I3 i
i 43 daams pa
: afipan i
._m.. 2Ug ALY
B SIS N 134 oy Lifiug
L4 Ipoia gy SRXE] DN o) Anpsuag HEETESIEETT
M ALISHAAND ANV ALISNAD TLVHEALMIANIOUIYVIE
1
EECEEVE
1T
1
|
| L e L B ) §2- |8 (5n0UZN]) 5+
|
[
[
T
1
1
]
” - (w0 ) 79 (ma4) g1
T i VXYL JLYUSLLTIANION IVEY 400 15171
0 a h T TN VSO LD
= = B W)
i3 - el ALIALLD NG e B [ g gy R LYH ALY
T [
W [= ' B BRI R ST T WD)
sEls) SOV oo O MOLLYLE T THWELL
........... TZHT Asnandas] as|iy] g L) TS
) ey P S — g o
L) aeiion L LS A SLLVHS I LMIANIOUD VIS 003 L1108 ATANS TVNOLLIAOY




6¢CC

9861 ul psidwes,,

% % € G- € % € € 15012y veevie 00€ ABan-
S G- G- % % 006021 00.€12 (6LU1) 002 ABan-
€ % % g % G-t % ¥ G622y ¥52212 (21u1) oot ABan-
G G G- G- % G % G £680ZY 966122 008 ueuues
% % G- % G % % % G- L68LeY 110612 009 ueuuesT
G- v-¢ G- 14 G- 4 v-¢ v-¢ 4 0612V 1GY91LZ 00S ueuuesT
4 G- G 0080Z¥ 000512 0S¥ ueuuesT
v-€ 14 G 14 G- G- S G G- 8G9/ LY 98vZ12 00€ ueuuesT
- 90¥9L¥ €8eLLe 052 ueuues
% G G- G- G G- 196GLY 115602 002 ueuues
% G- G- % % G- G 066917 188902 001 ueuues
€ G- G- G % G ve2SLY 629602 00 Jdn ybBeysen
€ G- G- g G S 10ZELY 651802 (pu1) 00z 4dn ybeysen
v-€ v-€ % % % % 14 14 Z2v6Ly 186812 00z Im| ybeyse|n
v-€ % % 14 b < G I8LLLY 9v6912 00L Imj ybBeysen
v-€ % Y0591 ¥ Lv.GLe G/ Im|ybBeyse|
% % G- v-€ G- G- 89VELY 9€610Z 00l 8amusmQ
g g g S S S 09/€L¥ 001102 (11u1) oot eqge|ing
(apo2 ays g49)
900Z +00Z 1L00Z 866L 9661 L1661 8861 G861 0861 L.l6l BuiyioN Bunyseg apod aj)g J9AIY
‘(Ayjenb

Jayem Jood) | 01 (Ayjenb Jajem jua|@oxa) G wouy abues sanjeA-p) 8y ‘Juswydie) ueuuea] ay} Joj senjeA o) Y43 | 9|gel g Xipuaddy

sanjeA ® Vd3 -z xipuaddy



0¢¢

0861 Ul pakeains says =,

v v %4 v 0880€Y 695602 001 ybesoe
G-¥ G¥ G-¥ ¥ G¥ SV 086€£2¥ 69€£€0C (6x1) 00¢ laqqeen
G - - 002 laqqeled
v Gv S¥ S¥  G¥ v GV 916€Z G98661 00l laqqeled
Sv  Gv G G v S S 91G€Z¥ G9866 00€  MOWBOUBMQO
S S Ne 08152 961902 (01M7) 002 MmoueoUBSMQO
Sv GV v v Gt % vYveZy v1E¥0T 0GL  MouBdUBMQO
¥ 14 810€Z¥ ¥91+0Z 00l  MoledUBMQO
Sv  Gv G 14 S evolLey 2e8lle (117) 006 us|o
v  Sv S G g 899621 90.€L2 00t us|9
G S GV G g g 18282% 19€0L2 001 99MUBMO
Am_uoo RaAains mu_Uv
900Z €00Z 000Z 666L L66L +66L 0661 G861 €61 BuryyioN Bunsez apod a)g JaAIY
(Ayjenb

Jayem Jood) | 01 (Ayjenb Jajem jus||@oxa) G wol) abuel sanjeA-p) ay] Juswyode) ybexoe] ay) Jo) senjea o) Y43 :Z d@|9el g Xipuaddy



1€¢

S S S S 4 G- 6198LY 788261 (€10) 08 uiaeQ
Gv  Gv G g v g 1G/8L¥ GzlLe6l 002 99MUBMO
Sv  Gv S S % G- 679811 601€61 (Z10) 001 uing Alueuos

Gv Gt g 14 g 1G/8LY GzlLe6l 002 Amajung

/2OMUBMOD

14 14 14 14 v  Sv G S S  G¥ 199¢2y £68081 (£10) 00¢ Apelo

g g g g g 00622¥ 00€981 GlL Apelo

G v  Sv G v G 14 el A GGZS8l oSl Apero
(epod ays g49)

900Z €00Z 000Z L66L +66L 0661 G861 0861 L6l €161 BuryyioN Bunsez apod a)g JaAIY

(30 $Y00] INg SUOI1084109 10} YO8Yd) S8p09 alls Bulyslyoajoaje g4 0} palejal sieyoelq ul sapod a)sg “(Auenb

Jayem Jood) | 01 (Ayjenb Jajem jua|@oxa) G wouil abuel sanjeA-p) ay ‘luswyodie) Ape|D ayl Joj sanjeA D Yd3 € 9|qe] :Z Xipuaddy



(454

S G S G¥ GV S S 1S¥90¥ €18981 00€ BLIEGOOMO
s v SV v¢ 5 S 169.0% 1€268L  (2m9) 002 elleqaamo
Sv G g S Gt S S S 9.0¥L¥ 210661  (SmM9) 001 ellegoamo
14 v Sv SV GV S 9/6€0% €6206lL  (6M9) 00¢ RISNEEVEIVETLS)
4 v G 4 6.€901 ezriel  (L1m9) 001 aioBeutaybold
Sv G S G¥v Gt S 9e€.0v gzvi8lL  (em9) 062 99MUBMQO
G G g 02001 ¥ 969061 00} 99MUBMO

(epod ays g49)
900Z €00Z 000Z .66l +66L 066L G861 086l BuryyioN Bupseg  apoo ayg JoALY
(Ayjenb

Jayem Jood) | 01 (Ayjenb Jajem jua||@0xa) G woll abuel sanjeA-Y) ay] ‘Juswydle) elegasamMms) ay] 10) SanjeA D Y43 G d|qe] :Z Xipuaddy

€T 0 € € ¢ 4 4 4 ¥ S 0020  wms Y3SnoT [
900C €00C 000C Leo6l ¥661 0661 S861 0861 LL6I €L61 'SON uonels
14 v Sv S¥ S¥ Gt 200S1¥ €92¥81 (#40) 001 Jojeusmo
(epod ays g49)
0661 +661 L1661 000Z €002 9002 BuryyioN Bunsez apod a)g JaATY

‘(Ayjenb uayem Jood) | 0} (Aujenb Jajem jua|@oxa) G wol) abuel sanjea-p 8y Juswyodle) Ajjo1D ayl Joj anjeA O Yd3 i+ 9|ge] :Z Xipuaddy



344

4 14 v St 14 14 14 14 0£0Z6¢€ €69€/1 00S BausmQ
G- 14 14 GL.26€ 1099/1 00t BausmQ
% % G 14 14 G G ZEEEBE GE£o081L (#1MO) 00¢€ eauamQ
G¥ € g L09E6E 681181 002 eausmQ
4 v Gv GV G S GV S 8¥/€6¢ v1.¥81 (ZLmO) 001 eausamQ
G G G 00L¥6¢€ 006881 (11MO) 0G eausamQ
SvY G¥v GV G Z6.€6¢€ 670681 (6M0O) 0¥ eauamQ
% v Gv GS¥ GV G 99G96¢ 8¥/€81 (EMO) 00€ uebojleys
€ € 4 4 v pe G-¥ L10V6€E GSOL8L 002  I8yseoesns
G 8¥/€6¢ V181 00L  l8yseoens
G G GV G G 00L¥6¢€ 005881 0S  leyseoens

(apod ays g49)
900Z €00Z 000Z .66L ¥66L 066L ¥86L 1861 0861 BuiyyioN Bunsez apod a)Ig J9AIY
(Ayjenb

Jayem Jood) | 01 (Ayjenb Jajem jua||@oxa) G woly abuel sanjeA-Y) ay] ‘Juswydie) eauamQ ay) J0) sanjeA O Y43 (9 9|ge] :Z Xipuaddy



ved

5 4 v Sv GV % g 4 4 2L18.¢ 776851 002 us|o

s € GV e GV 68€28¢ 057091 (1z19)0L us|9

S S G g 0g us|o

vl ¥ G¥ G¥ 161G8¢ 20119l (6L19) S¥ us|9

v Sv Sv S¥ S 0.28.¢ £2r8S.L (¥19) 005 aamuamQ

S S 4 8r208¢ 181951 00¥ aamuamo

S Gt 4 v gt ¥0G58¢ 166291 (0LID) 005 Aupisejueamo

v gv Gtv Gt /1598¢ 29191 00t Aupiseyuemo

Sv € 4 VAR v 12298¢€ €16991 (219) 00¢€ AupiseyuemQ

G- 4 v GV GV GV £e0¥8¢ 621191 (Z119) 00 MOID

4 € e e ve 982Z¥8¢ Z1L0991L  (S119) 002 MOID
(epod ays g49)

G00Z Z00Z 6661 .66l +66L 0661 9861 0861 L6l  Buiyuon Bunseg  apoo ayg JoALY

‘(Ajenb Jayem Jood) | 01 (Aljenb Jajem jus||@oxa) G wol) abuel sanjeA-p) 8y Juswyodle) uals) ay} Jo) SenjeA o) Yd3 :/ d|qel g xipuaddy



344

14 g g g g g 96€18¢ ovov8L 00€ Auez
A 14 S 14 S 81098¢ 8¥526l (LLu3) ool us!|63
14 14 S G S S €¥518¢ 98¥¥8l (6U3) 05z alowAueg
S S¥ G g £9€78¢ 682881 (0]] aiowhueg
v S¥ G¥ Gv GV S S S S G- 002S8¢ 090161 (91u3) 0g alowAueg
14 A v  Sv  G¥ €8128¢ 65S¥81 (6u3) 002 BagAues
Gt S 14 S 67698¢ 901661 002 BagAue3
(apod ayis g49)
G00Z Z00Z 6661 L66L +66L 066L 9861 V861 0861 €161 BuryyioN Bunsez apod a)g JaAIY
(Ayjenb

Jayem Jood) | 01 (Aljenb Jajem jua||@oxa) G woll abuel sanjeA-p) ay] Juswyodle) Aueg ayl 1oj sanjeA D Yd3 8 d|qe] :Z Xipuaddy



9¢¢

- - v v v Sv  G¥ 2€68.¢ 1¥0€61 00% o¥s3
Gv G oLe e
4 G Y  S¥  G¥ v v Gv g S0608€ €15561 002 e
Gv G v SV GV g ¥6918¢ €08.61  (943) 00¥ laybo|D
g g g v G8618¢ 910861 00y ®Jowhiomon
v Gv v v €20.8¢ 8.6£02 001 ®Jowhiomon
4 SV GV S GV GV 81298¢ 90661  (2v43) 001 Jaqqeio)
4 e G v e 14 z198.¢ 89/€61 (843) ooy Auuswwniq
Y  S¥  G¥ g 2568.¢ 618961 00¢ Auuswwniq

(epod 8yis g49)
G002 Z00Z 6661 .66l ©66L 0661 9861 2861 €161  Buiyuon Bunseg apoo ayg 1oAY
(Ayjenb

Jayem Jood) | 01 (Ayjenb Jajem jua|@oxa) G woul abuel sanjeA-p) 8y ‘Juswydie) ays3 ay} Jo) senjeA -p Yd3 6 d|qe] :Z Xipuaddy




LET

G- ybebooy ¥2,0940

G- ybebooy €0940
a|dwes oN ybebooy 22,0940
a|dwes oN d us|n 120940
G-¥ s foue|D 0,094D

v ybebooy L0940

G-¥ Aunod jo qu | 0v0940

G-¥ Aunod jo qu | 6€0940
a|dwes oN Aunod 8€0940
G-¥ Aunod 1£094D

G-¥ Aunod 9£0940

G-¥ Aunod Ge0g40

G-¥ Aunod ¥£0940

G-¥ Aunod ££0940

(1002) anieA -0 19A1y 9poJ 8ls

‘(Ayjenb Jayem Jood)
| 01 (Ayjenb Jeyem jus|j@oxa) G wouy abues sanjeA-p ay “1L00Z Ul peAaAins Juawiyojed samol(g 9y} Joj sanjea-p : Q| a|qe] g xipuaddy

Gv  G¥ Sv GV G¥ g 1 896+€ €026l 00Z Hlueud|o

% 4 % 4 4 00£8S€ L¥26.1 002 samol.(q

4 4 Sv  v¢ 4 4 9/2/S¢ cv818l 001 samo.(Q
(epod 8yis g49)

900Z €002 000Z 166} ¥66lL 066l  BuiyponN Bunseg apod ayg JaAry

"(Ayjenb

Ja1em Jood) | 0] (Aljenb Jajem jus||@oxa) G wolj abuel sanjeA-p) ayl ‘luswydie) samolq ay} o) sanjeA - Y43 0l 9|ge] :Z Xipuaddy



8¢T

14 v gv Gt g S  G¥ S 8895¢ €9l6/L  (1L1Q) 00¥ #na

G¥ g g g G¥6£GE oLevLL (84a) 00¢€ #na

AR 902€5¢e 122S.1 (24Q) 0s2 #ng

Gv G¥ S Gzsese GE06.1L (94a) 00z #n@

Gv G¥ v GV S G¥ S 8€11G¢ 682611 (G3a) 001 #n@

G-¥ g g 1808¥€ 950611 (zyna) oz #na
(epod ays g49)

900Z €00Z 000Z .66l ¥66L 066l 986l 2861 BuiypoN Bupseg apod ajg JaAry

‘(Ajenb

Jayem Jood) | 01 (Ayjenb Jajem jua|@oxa) G wouy abuel sanjeA-p) ay] ‘Juswydied JYng ayl o) senjeA D vYd3 L} d|qe] :Z Xipuaddy



6¢£¢

HOVMOV1
- - - - gogley GE061LZ OIN ueuuesn gzu
- - - - LySLey LL18Le O ueuuesn lzui
- - - - £€602Y 0LLGLZ O ueuuesn gzu1
- - - - 16502V YAWAA%4 DJIN ueuues Ggzu
- - - - LZL6LY LE€€1T DI\ ueuues pzu
- - - - 1G8GLY L2¥012 DI\ ueuues gzu
- - - - €869l 618902 DN ueuues Zzu
- - - - z99lzy ¥86Z1¢ ABan7 Lzu
- - - - LLOYLY 0L¥202 eqgejng ozu
Kaains aanejuenb-jwag ueuuea
L0/0L 0€'LL  «0Z «£0L 6.£02Y yeovLe JIN ABunT 6Lu7
L0/0L 0S'9L «£6L.7EGL L89leZy G8Gzle O ABinT gLu
10/60 - - - 1E0€2Z¥ 160212 O ABinT Ziu
10/60 - - - 0892Z¥% oLlzle ABanT "quL gLu7
10/60 - - - €962y oLgLLe 1S Youquinig gLui
10/60 0L'ZL 9LL L2l G889LY 85t0Le "qu1 ybBeyual] pLui
10/60 - - - €096L 1 29t.02 1S alewwe) gLu
1/0/60 00€L 60l 869 620vLY zzyeoe O ege|ing Zwu
10/60 0€LL <0Vl «20¥% 608ELY 166002 OIN ege|ing LLul
10/60 - - - 080% LY 988661 O ege|ing oLu
10/60 - - - 128YLY GG/861 eqejng 6uT
10/60 - - - 6LOVLY ¥29661 eqejng gu
10/60 - - - 6LSELY GESLOZ 88aMuBmMQ Lul
10/60 SE€v¥L 0Ll €221 covELY 80£202 Baquamo gu-
10/60 0€£9L S0L 02l G9ZGLY GE9602 ybeyse| Gu
10/60 SE€€L  €0L vl v6LELY 188802 ybeyse| pu
10/60 0Z0L 96 690l TAYANRZ 1£1802 ybeyse| gu
10/60 0Zv¥L O'LL 972Gl /8€9LY v¥8Z1Le ybeyse|s "quL Al
L0/0L 00¥L  «8Z .08l LYy6LY 100612 ybeyse| puq
NVNNV31

IA/N 2% sn BuiyyioN Bunseg
ajeq owil dwa] ‘puo) ajeuipioo)d Sdo JoAIY  9po9 dYS

ajep Buidwes pue aw (0,) ainjeisadwa) (sSr) ANARONPUOD ‘SBJRUIPJIOOD pUB SB)IS JO 1SIT :6E d|qel

Blep uoljeoo| ajg — ¢ xipuaddy



0r¢

90/60 00'€EL 991l 6. ¥¥690% 768681 20.4qy LMo
90/60 0€'LL 6FL 6¢ 18€90¥% ¥9c1L61 90.4qy 0LMmo
90/80 0¢€'L 8l 88 160V GLS061 JS usays|us| 6M9
90/80 0€£'GL 0/l G8 160701 ¥82061 JS usays|us| gmo
90/60 0Z'€L 09l G9 80920t GGG68L JS usays|us|D LMo
90/80 0¢€'€L 0/l Y% LZ0ELY 006€61 OIN elegaamo 9Mmo
90/80 S2Z9L 19l 0S 966€LY €/8¥61 OIN eliegasmo GMD
90/80 0S¥l ¢C6L Gy 18/ELY 6.EV61 O elegasmo Mo
90/80 00CL 8Vl 09 028.0% 696.81 99MUBMQ eMo
90/60 0¢€'€L TGl Gy 6.G80% 8€8881 99MUBMQO Mo
90/80 0¢€'ZL €91 €9 L¥00LY GLL061 99MUBMQO [(W05)
v3yvg3amo

10/80 €721 €9l 18 8901L2¥% £€29281 O Aj1019 919
20/80 GvL L9l 2Tl 86G¥ LY £82Z81 alnuy "7 qul 619
10/80 €91 6GlL 19 0LSGLY 0,0€81 lojeusmoQ 10
10/80 072L 67l 09 Z0LGLY v6L1¥81L lojeusmoQ €10
10/80 GZ'SL GGl Zs LLLyLY 280981 Jaddn JojeusmQ rAke)
10/80 29l +¥'GlL G/ 10/8LlY 9€9¢81 MOJJINO |98 ] 11D
AT10¥9D

10/80 €'LL €6l 8/ 899¢Z¥ 829181 O Ape|o .19
10/80 00L 8l 8g Geozey 8%2981 1S Aselo 910
10/80 SL9L ¢l GS Z8061L¥ 208681 BunoeN 7 -quL 61D
10/80 €21 O0vl o¢ 8668l £09261 o uineg ¥10
10/80 €GL 26l GE 0268LY ¥5.261 o uinieg €10
10/80 €11 29l 29 9G68LY 006261 "o Alueuol) rdfe}
10/80 €91 8l 16 GSELZY G/9681 BunoeN 7 qul LD
AQvi1o

90/60 00'LL G€L S cL8YZY 6€£.¥02 MOJIBOUBMO o1
90/60 SO'LL 9¢€L G9 16L¥Z¥ ¥9€££02 Jaqgeled (3l
90/60 00'GL G€L ¥S 6LESLY 09€661 MOJIBOUBMO )|
90/60 - - €g 9628L¥ LEE661 MOJIBOUBMO 2
90/60 - Tyl ¥9 z0zvey G9GS0Z ybeissseuse| M1
90/60 0€£'GL ¢€¥l G9 Ly0¥Zy 119502 ybeissseuse| SN
90/60 00°0L €72l G8 2.1282% €6£012 89MUBMQ 120
90/60 Sv'ElL 1Tl 88 29062 ¥€0L1LZ ybesessius| |
90/60 €0ZL 92L GEl 8L0LEY zesLie us|9 AN
90/60 0€£9L 12l Z6 1S9LEY 182z1Le us|9 (Al



(844

10/80 009l /L 0. L0v¥8¢ G0EE9L MOID 9LID
10/80 028l Ctl 69 991¥8¢ 166791 MOID SLID
10/80 0S¢l 9¢l ¥S G6.£8¢€ Zev99l Jaddn moip vLID
10//0 00'LL OGSl 09 LGY¥8¢ 697991 Jaddn moip cLIo
- - - LG¥¥8E 068991 Jaddn moip ZLo

10/80 OL'ZL €9l 0. 961¥8¢ 0Zv991L MouD "qul LLID
10/80 00'GL T/l 29 9yG8¢ 8¥6291 AupissjuemQ oLIo
10/80 OL'LL Gl 8g G/298¢ L€8€91 AunjssyuemQ 619
10//0 0£2L 67l Ly 29698¢ GZ0S9l AupjssjuemQ 819
10//0 00'vL +v9L 4% ¥2£98¢ G06991 AunissyuemQ .19
10/80 0¢€'LL 8GL 08 05/88¢ Z6/6SL leyessybnoT ‘qul 919
10//0 OL'GL §ZL 8g 190G8¢ 876091 us|o "qul 69
10/80 002ZL 8L €8 1226.€ 08G/G1 99MUBMQ ¥19
10/80 002ZL 8L €8 19208¢ 28951 29MUBMQ o)
10/80 0£0L 8L G9 67608¢ 6E£E£9G1 89MUBMQ "quL rd[>)
10/80 00'vL 0'GL L'€0L 19208¢ £E67SL 99MUBMQ A[5)
N319

90/60 0£CL €€l 96 00L€6¢€ /1€081 OIN BauamQ yImO
- - - - 1Z.E6E LZ.¥81 OIN BsuamQ €ILMO
90/80 S¥'GL 99l ¥9 986€£6¢ ¥18/81 OIN BsuamQ ZLMmo
90/80 0£9L 091l €/ 806£6¢ £6Z881 OIN BduamQ LLMO
90/80 S¥9L €l 09 6S9€6¢E ¥10.81 OIN BdUamMQ 0LMO
90/80 00°ZL L'ZL LS 09816€ 255061 MOJJiNo e " 6MO
90/80 Sv'ZL 19l Z6 £0£96€ 8c/€81 |lsyseoens 8Mmo
90/80 00ZL L'GL ¢0L LE€96¢E 9c6¥8L |ayseoens LMO
90//0 022ZL €0z 90l L L6G6E 8/G981L |layseoens 9MO
90//0 00°ZL 2Z€T Ll 8¥£96¢ G888l |layseoens GMO
90//0 0¢VvL 8¢€Z €0l 1 88G6E 0S£681L |layseoens yMO
90//0 SL'GL L'ZZz L0l 11996¢€ 8//€81 uebojeys €MO
90/80 00°0L 09l z6 6lLY.6€ 80v¥8L uebojeys Mo
90/60 SO'LL 9¢€L 86 ¥€£886¢ 110981 uebojeys LMo
VvaN3IMo

90/60 00'vL '8l (0}% 1¥Z80% GGL061L OIN elegaamo 9LM9
90/60 0£9L '8l (0}% £9280% 891061 OIN eliegaamo Glmo
90/60 00°GL L'ZL (0}% 95680% 959161 OIN elegaamo LMo
90/60 00'vL L9l Ly G8680% €99161 OIN elegaamo cImo
90/60 0€£'GL G9l 8/ 600.L0% 198681 80.1qy ZLMo



e

NIATIIN HONO

1£€8/¢ L08€61 Auuswwinuig N E|

90/,0 T.L S0Z S8l 8206.¢ 128961 Auuswwinig IAE
90/.0 SL'¥L ¥'8L 0L 1£618¢ 8€6.61 alowAiemon M E
86118¢ 162661 " 48ybo|D 3

90/80 €91 06l 69 ¥00Z8¢ £80861 alowAiemon 13
90/80 ZZL LYl GS 6S8E£8E 880102 alowAiamor N3
90/80 Z'LL 6€l 6¢ 91198¢ Zlv.61 Jeqqgele) A E
90/,0 €€L 89l 88C 801718¢ 069661 8ys3 "qul 3
ENEE

- - - Gy1Z8¢ L¥SG8L Auez 6Lu3

G0/80 0€€L ¥'8L 8Ll 6.228¢ 619881 alowAuex gLu3
G0/80 00°ZL L'6L Ol 622£8¢ 6L1L061 llenIg JANTE
G0/80 0€'GL 76l 66 02068¢ 166061 lleng gLu3
G0/80 S£ZL L8l 8/ 1GZ98¢ 298061 (IS gLu3
GO/0L 009L 672l 86 £6.98¢ 078061 alowAue3 yLu3
G0/60 0Z'GL €Vl /2L 0S86.¢ 6,181 S8SS0.4 gLug
GOo/0L 0¥ 9L 12l 0. 99268¢ 10161 ys1163 Zwug
G0/80 0€'GL L/ 66 98098¢ 109261 ys1163 LLug
G0/80 00°ZL '8l G8 6£598¢ €0ZE61 ys!63 oLu3
G0/0L 002ZL 072l 0. ¥028¢< 089781 BagAueq 6u3
G0/80 00ZL GGl 88 128€8¢ 05981 BagAueq gu3
- - - /SEY8E ¥68981 BagAueq Lu3

- - - 86£G8¢ G0S/81 BagAueq gu3

G0/60 OL'ZL Gl 19 zZoLy8e Gez/8l AsuoopeyybnQ gu3
- - - L0SE8E L1L0S8L alewJsna pu3z

G0/60 00vL S¥L SOl 6716.€ L0€Z81 pusyeuens gu3g
- - - 1S66.€ 162281 pusyeuens zu3

G0/60 00ZL €vL 80l G/108¢ z80zs8l pusyeuens puz
ANV3

,0/80 0L'ZL Z9L €Ll LZ€6.E #8965 JIN U8 €ZI9
10/80 00°GL Z/ZL 6Ll 1908¢ €1/651 JIN Us|D zzIo
10/80 00ZL €€l 89 z9g£8¢ 99091 JIN U8 1219
10/80 009L Ctl 19 ¥96£8¢ z60191 JIN U8 0zIo
10/80 0ZCL €Vl 6 2€198¢ 158091 Jaddn us|9 6L19
90/.0 00°€L TSl G9 ¥6£88¢ 06£091 Jeddn us|9 8LIo

L0/80 00¢L OVl 99 €9¢¥8¢ 99191 molip LLIO



eve

- - - - £6895¢ LEYGLL OIN #n@ Lid
- - - - £6195¢ 8€6G/.1 JIN #n@ oLia
- - - - 6E.¥SE 110G/l OIN #n@ 6ia
- - - - €/6€£5¢E el YA A O #na 8ia
- - - - 90.2S¢ 0£09.1 O #na 3a
- - - - 6EYZSE 0061 O #n@ 9ja
- - - - /SL1GE ¥826.1 O #n@ Gia
- - - - G6.6YE 225611 qul ¥n@ 1210
- - - - 809ZS¢ cesyllL qul yna €ia
- - - - z£0zse 69vELL qul yna aa
- - - - 66115¢ GGeell qul yna 1a
Kanins m>=ma_“—:w=_u._=‘_ww Hnga

10/,0 0ZLL €¥L ¢eve 1200S€ 9LovZL "W oumeuybeeg 6ina
10/.0 SGvL 6'€lL  +0C GPLLGE 0626.1 qul yna vina
10/.0 00CL 6¢CL /Sl 0208¥¢ 1968/1 Jaddn yoe|g ana
44na

- - - 91825¢ 6LE/61 "o Ajunod 170949

- - - 25.19%¢ 616961 o Ajunod 8£0949

- - - 866617¢ 8YeEv6lL o Ajunod 1£0949

- - - 0909%¢ 6.8/61 o Ajunod 9¢£0949

- - - 0909%¢ 16261 o Ajunod G£0949

- - - £€69Y¢ GZ8961 o Ajunod y£0949

- - - G6Z6YE 668161 o Ajunod ££0949

- - - 66.9v¢ 186161 " ybejeg viig

- - - 682.Y¢ v122Z61 " ybejeg cLig

- - - 1811%€ v2/2Z61 " ybejeg zivg

- - - vEL8YE 198261 " ybejeg Lg

- - - Z£98Y¢ 969261 "o ybejeg oLig

- - - 1906¥E G8YZ61 "o ybejeg 619

- - - 6.G6%¢ 69€Z61 " ybejeg glg

- - - 6£98Y¢ €/1681 o Hlueus| 139

- - - ZLL8ve AR AN o Hlueus|n 99

- - - 99t8Y¢ €GG161 o Hlueus|n 6o

- - - ¥8/8v¢ GZ6161 o Hlueus|n 175

- - - ¥806+1¢ £Y6161 o Hlueus|n €jo

- - - GI9EBYE 686161 o Hlueus| Zbo

- - - Ly.16VE 120261 o Hlueus|o 19O



1444

0 100 (zoo) 200 (00 €10 0 100 (Pw)  4$0°0 ABunT 6LUT

(¥000) Z€0°0 (Pw)  GL'0 (pw)  2Z°0 (Pw) 200 (Pw) €10 ABunT gLu

® 00 (o0 L0 (@0 $50 (Pw) 200 0 ABunT LUl

0 (Pw)  Zzo'0 (s20) 290 0 0 ABunT 9LuT

0 (100 500 (' 690 0 0 1S Mduquinig gLul

0 ~¥0°0 ~810 0 0 ‘qu1 ybejuai | ~«P U7

0 (Pw) 2€0'0 (c00) G690 0 0 1S dlewwied cLu

(Pw) 1070 (Pw) %00 (Pw) %00 (Pw) 800 (Pw) 810 eqge|ingd cLun

© 100 ¥0°0 (Pw) 0G0 (2000 $0°0 (Pw) 800 eqge|ing Lui

0 ~G0°0 ~G00 ~¥0°0 ~c00 eqgejingd ~x0L U7

(l00) €00 (Pw) €10 (Pw) 080 0 0 eqgejingd 6UT

0 (Pw) €10 (Pw)  0€0 0 0 "qu1 AyaauamQ guT]

0 (pw) gH0'0 (@00 QL0 (Pw)  0Z°0 (Pw)  Ly0 2aMUBMQ ul

0 (pw) zzo'0 (9000 620 (Pw) e¢0'0 00 $E0 BaquamQ quT

(Pw) %00 (Pw)  0L'0 (200 GL0 (Pw) LO0O (Pw) 600 ybeyse|n Gu

(Pw) %00 (zoo) 4210 (@O0 QL0 (Pw) /00 (Pw) €00 ybeyse|n pul

(Pw) 100 dN ~/00 0 0 ybeyse|o ~xEUT]

(Pw)  $0°0 (Pw) 200 ~80°0 0 0 ybeyse|o qul ~xCU

(Pw) 200 0 z00 (Pw) 700 (Pw) 200 0 Im| ybeyse|o Lu
10%S6  +l< 10%S6 +1  10%S6 +0 10%S56 +l  10%S6 +0

jinpe jnouaj aied noaj Ay 3nouy Led uowjes A1y uowjesg JOAIY ou 3jis

sjjnsal buiysijondss|s aAneluend — y xipuaddy

‘uones|dap J00d e pey
Aanins Buiyslyy om) e uaym 1o 1no paLied sem Buiysly auo Ajuo aiseym paljdde anjea ainyded jo Ajjigeqold paausp — anjea-d ~ (Buiysy |)
Aisuap wnwiuly = , {(Buiysy ¢) poylaw s.uiddiz = # ‘suondaoxe Buimojjo) ayl yum (buiysly ) poylaw uaid) a7 % Jagag buisn pajenojeo
aIom sejewnsa Ajsua@ "juswyojed UBUUEDT 8y} Joj spluowies jo (,w/ou) sapisusp wnwiuiw pue pajewns3y (L o|qel) ¥ xipuaddy



Sve

(Pw) €100 (Pw) €00 (Pw) 200 (Pw) 020 (Pw) €60 O Ape|o LD
© z00 (Pw) QL0 0 0 0 o aJouy 910
© 100 (Pw) 1170 (Pw)  $1°0 (010 090 (Pw) /%0 BunoeN 7 qul #SI10

0 © €00 (Pw) %00 (Pw) 9z'0 (000 €20 o UiAlBg #V10

0 $000 (Pw) 100 (Pw) 200 (Pw) Gz'0 (Pw) /L0 o uiAleg €10

(0) ¥00°0 (pw) 200 (Pw) 800 (0000 QL0 (pw) Q40 Y Alueuol) rAke)

© 100 (Pw) /170 (Pw) 600 © 100 0 BunoeN 7 qul LID
10%S6  +L< 10%S6 +l  10%S6 +0 19%56 +13  10%S6 +0

}jnpe jno.j Aied jnoay Ay 3nouy Jed uowjes Al uowjes J9AIY ou 3jis

‘(Buiysy 1) Aususp wnwiulpy = , ‘(Buiysy €) poyiaw s uiddiz = # ‘suondaoxa Buimoljo) ayy yym (buiysyy z) poyiow ual) a7 % 1ogeg buisn pajenojes
a1om sojewnse Aysueg "/00Z JoWWNG Ul juswydled Ape|y ay} ul spluowies Jo (,W/ou) SSlISUSP wnwiulw pue pajewnsy ¢ d|qel y xipuaddy

0 100 0 L0 (¥00) 920 0 0 MoueduamQ oK1
0 (Pw) 1070 (Pw) 200 0 0 J8qqeje) *6A171
(Pw) €000 (pw) LO0 (Pw) €00 (Pw) €00 (pw)  $0°'0 MoledUaMQ «8SA1
0 100 0 00 (00 /L0 (100 Z2Z'0 (ze'0) $6°0 MolBOUBMQO #11
0 100 N (100 $0°0 (pw) 0Z°0 0 ybelesseuse|n o1
0 (Pw) 600 (Pw)  $0°0 0 0 YybBesosseuse|n «SA1
0 100 (pw) ge (€000 600 0 0 2aMUBaMQ #7A11
o0 (@0 vzZo (200) Q€0 (Pw) 600 0 Yybeleisiug|n e
© €00 (Pw) G600 (900 ZZ'0 (Pw) 700 (910 990 us|o #2111
0 (Pw) QL0 (Pw) 020 (Pw) G0 (Pw)  9Z°0 us|o 2
10%S6  +L< [10%S6 +l  10%S6 +0 19%56 +l  10%S6 +0
jinpe jnoa]  Jsed jnouaj A1y 3nouy sed uowjesg A1 uowjes J9AIY ou 3jis

"(Bulysy 1) Aysusp
wnwiuly = , ‘(Bulysy ¢€) poyraw s.uiddiz = # ‘suondaoxa Buimojo) ayy yum (Buiysly g) poyiew ual) o7 ¥ 1ogag bBuisn pajenojeo aiam
sejewnss Ajisuaq 900z Jowwng ‘wasAs ybesoe sy} Wodj SpIUOWIES JO (,W/ou) Saljisusp wnwiuiw pue pajewnsy g d|qe] : xipuaddy



e

(pw) gL0'0 (00 €00 0 (00 200 ~£0°0 DN 2J0poamo) ~919
0 (Pw) GZ0'0 (Pw)  $1°0 0 (Pw) %00 alnuy 1 quL xG10
(pw) €00 (Pw) e¢0'0 (L00) GO0 (Pw)  0Z°0 (Pw) 790 JojeuamQ 721e)
(Pw) 100 0 €00 (Pw)  90'0 (Pw) ¢1'0 L0 QS0 JojeuamQ c19D
(Pw) 100 (Pw)  $0°0 (Pw) €00 (Pw) 600 (Pw)  90'0 Jdn JojeuamQ rA ko)
0 (Pw) 200 0 0 0 MOIJNO |83} ] M b0

19%56 +l< 10%56 +l  10%S6 +0 19%56 +l  10%S6 +0
}jnpe jno.j Aed jnoaj Ay 3nouy Jed uowjes Al uowjes J9AIY ou 3jis

‘uone|dap J00d e pey
Aanins Buiysiy om] B usym 1o Jno paLed sem Buiysl auo Ajuo ataym paijidde anjea ainydeo jo Aujigeqouad paauep — anjea-d ~ ‘{(buiysy |)
Aysuap wnwiuiy =, ‘(Buiysy ¢) poylaw s.uiddiz = # ‘suondeaoxe Buimojjo) ayl yum (buiysly ) poylaw uaid) a7 % Jagag buisn pajenojeo
aiom sajewnse Ajsusp ayl ‘waishAs Ajjoi 8y} Joj spluowies jo (,W/OuU) SSISUSP WNWIUIW pue pajewns3 f d|qel :f Xipuaddy



LYT

0 (00 100 0 (000 ~gL0 (pw) +00 O ellegaamo ~9LM9

0 (pw) 20O (0) €000 (z00) ~600 (Pw) 200 O elegaamo ~GLMD

0 (00 100 (00 100 (pw) zz0 (PW) 22O O ellegaamo #71MO

(00 100 (pw) o0 (pw) 100 (#00)  ¥z'0 (800) ¥Z0 O euegaamo #ELMO
(pw) zoo (pw) €00 (Pw) 100 (z00) o010 (pw) €10 2019y #2IMO
0 (pw) 900 (pw) GO0 (1000 600 (€00) 120 20Iqy LMD

0 (pw) €00 (pw) 600 (100) ~€0°0 0 201qy ~0LMD

(00 100 (pw) goo0 (pw) 200 (€000 8z0 (LL'0) 090 RISRVEEIVETVETIO) #6MO

0 (00 200 (pw) 920 (€000 1’0 (lz0) 80°L RISIUEEIEITETIS) #8MO

(pw) 200 0 0 0 0 RISMUEEVETVET D) #LMO
(00 100 (pw) 00 (L00) SO0 (pw) 610 (Pw) 820 O elleg #9MO
(pw) o0 (pw) ¥1°0 0 0 0 O elleg *GMO
0 (pw) 20O 0 0 0 O elleg B )

0 (€00) 1’0 (pw) 600 (c00) 9z0 (pw) 0€0 99MUBMO #EMO

0 (00 €00 (pw) 200 (pw) zL0 (pw) GL°0 99MUBMQO #IMmo

(00 #00 (pw) o0L0 (Pw) #1°0 (000 220 (00 810 99MUBMQ 5]

(19%56) +l< (10%56) +1] (10%56) +0 (19%S6) +1 2 (10%56) + 0

}npe jnouj Jied nouj Ay 3nouy Jed uowjes Al uowjes J9AIY ou 3jis

‘uonajdep Jood e pey AaAins Buiysl om) B uaym Jo 1no paued sem Buiysiy auo Ajuo ataym paljdde anjea ainyded jo Ayjigeqold paALiap
—anjea-d ~ (Buiysy |) Ayisusp wnwiuly = , ‘(Buysy ¢) poyrew s,uiddiz = # ‘suondaoxa Buimojjo) ayy yum (Buiysy ) poyiaw ual) o7 g Jagasg buisn
paje|nNojed alem sajewlse Ajsusp syl "JusWYD}eDd BUBGISMS) U} WOJ4 SPIUOWIES JO (,W/0U) SBRISUSP WNWIUIW pue pajewnsy G d|qe] :y Xipuaddy



8¥¢

(pw) 00  (pw) 200 0 (800) 120  (Pw) GZ'0 OW edusaMQ 1A% e}
0 (0 100 (pw) %00 (1000 00  (LL0)  LZ0  DIN esusmQ #E1MO
o0 (oo +vo00  (pw) 00 (pw) gz'0 (2e0) 8L'Z O esuamQ #21MO
0 (pw) 900 (00 so00 (L00) ~¢#'0  (ZL'0)  +0O'L  OIN BBUBMQO ~LLMO
0 (pw) €00 ~G0'0 0 0  anebuamQ ~01MO
(00 100 (e00) g0 (pw) ZzZO 0 (pw) €0 Mmonoes 6MO
0 (pw) goo0 (pw) 200 (600) €50 (6L°0) 920 [oyseoens #8MO
0 (200 o0 (pw) SO0 (L00) 050 (6L0) €61 [oyseoens LMo
0 (pw) zzo (pw) ¥L°0 (pw) 910 (900 2€£0 [oyseoens 9Mo
o0 (oo zi0o (o0 ZL0 (zoo) gL'0 (200) 610 [ayseoens SMO
0 (200 gL'0 (e00) ZLO 0 0 |oyseoeng Mo
0 (pw) go0 (pw) 00 (#00) Sz0 (G000 GG0 uebojieys €MO
(pw) zoo  (pw) 900  (pw) 200 (to0) 210 (g10) 0L uebojieys #IMO
0 (900 oro (pw) 160 (L000) €¥0 (900) L20O uebojleys MO
10%S6 +i<  (10%G6) +1 (10%56) +0 (10%S6) +1 2 (10%S6) +0
}jnpe jnoJ | Jaed jnoJj| >.¢ jnoJaj Jaed uouwjesg >.¢ uouwjesg JOALY ou 3lIs

‘uones|dap J00d e pey
Aanins Buiyslyy om) e uaym 1o 1no paLied sem Buiysly auo Ajuo aiseym paldde anjea ainyded jo Ajjigeqold paausp — anjea-d ~ (Buiysy |)
Aisuap wnwiuly =, ‘(Bulysy ¢) poyaw s uiddiz = # ‘suondaoxe Buimojjo) ayl yum (buiysly ) poylaw uaid) a7 % Jagag buisn pajeinojeo
9IoM sdjewnse Ajsuap ayL Juswydjed eausmQ 8y} WoJj SPIUOWIES JO (,W/OU) SaISUdp WnWiulw pue pajewnsd 19 d|qe] i xipuaddy



6v<¢

(€000) 100 (Pw) Lo'0 (000) €00 (e00) L0 (s00 QF0 DN Us|9 ezZlo
(Pw) €00 0 (e00 Z00 (Pw) GO0 (8100 290 O U39 [4410)
(Pw) 200 © 000 (00 200 (Pw) 9L'0 (2000 GZ'0 O U39 (X4

0 (0 2000 © 100 (Pw) 800 (€00 ~L°Q O U39 ~0219

0 100 (Pw) GO0 0 100 (Pw)  oL'0 (L0 P¥0 Jdn us|9 6LI1D

© 100 (Pw) L0 (00  $0°0 (Pw)  90°0 (Pw)  Z€0 Jdnus|9 #8LI1D

(Pw) €00°0 (Pw) €00°0 (Pw) €00°0 (Pw) ¢L'0 (20 060 MOoID #LL1D

(0 2000 oo0) 100 (Pw) 100 (Pw)  90°0 (Pw) €20 MOoID 9LID

(Pw) 200 (Pw) GO0 (Pw) GO0 0 (900 Z€0 MOID #SLID

© 100 (Pw) GO0 (Pw) 800 0 (Pw) 020 MOID qu L 1415

0 100 (Pw) 1170 (Pw) 800 0 100 (100 ~G¥'0 Jdn mouan ~CLID

(Pw) GO0 (Pw)  90°0 (Pw) 610 0 0 Jdn moid *xC IO

0 0  G00 (Pw) 600 0 (Pw)  GE0 MOID qu L LLID

0 © 100 0 (Pw) 800 (5000 610 Aupysejuemo oLIo

0 100 0 100 0 100 (Pw) LL'0 (210) GG0 AupjsajuamQ 619

0 0 z00 0 (Pw) GO0 (Pw) QL0 Auysejuemo 819

0 0 %00 (0 200 0 oo o €v0 AupjsajuamQ .19

0  G00 (Pw) 690 0 0 yieyesaybno 91D

0 100 (Pw) GO0 (0 600 (0) Z2000 (w /00 Aneybeuss|y [I[5)

(pw) 200 (pw) 200 (Pw)  4$0°0 (Pw)  ZL°0 (Pw) GO0 2aMUBMQ 4b)

0 100 (00 200 0 100 (zoo) (L0 (00 gG¥0 2aMUBMQ #S19

© €00 © 100 (Pw) 600 0 0 9amusmQ qu L 4]

(pw) €00 (Pw)  0L°0 (e00 QL0 0 0 2aMUBaMQ Lo
10%S6  +L< 10%S6 +l  10%56 +0 19%56 +l  10%S6 +0

}Inpe jnoaj azed 3nou) A1y noua) Jed uowjesg A1} uowjeg J9AIY ou 9)S

‘uonajdap Jood e pey Aaains Bulysyy
OM] B UBUM JO 1IN0 palled sem Buiysiy auo Ajuo aiseym paiidde anjea ainideod jo Aujigeqouad paausp — anjea-d ~ (Buiysiy |) Alisuap wnwiuipy
=, ‘(Buiysy ¢) poyaw s.uiddiz = # ‘suondaoxa Buimojjo) ayy yum (Buiysy z) poyidw ual) o7 % J8qes Buisn paje|ndjed aiem sajewinsa
Ayisusp 8y] "sjuswyo}ed 99MUSMQ PUE US| Y} WOJ) SPIUOWIES JO (,W/OU) SBIISUSP WNnwiulw pue pajewnsy :/ d|qel 'y Xipuaddy



0S¢

(Pw) 200 0 (0) zZ00'0 (t00) €10 (Pw)  90°0 Aueg 6LuU3
0) €000 0 100 (Pw) GO0 (to) 290 (00 0L alowAue] gLug
0 100 (Pw) 200 (Pw) €00 (e00) zz0o (e00 9€0 TEIES lLu3g

(pw) 00 (LO'0) 800 (Pw) 800 (go'0) ~.¢0 (200) 910 llenIg ~gLu3
(0 €000 w00 9LQ0 o0 €10 0 0 Jdn jjenig GLu3g
0 100 0 100 0 (Pw) €10 (o) 210 alowAueq yLu3g

(Pw)  L0O0 0 0 0 S9SS0.4 epug

(Pw) €00 (Pw) GO0 (Pw)  $1°0 (Pw) 220 (Pw)  $0°0 us!|63 NALE|

(Pw) 200 ~/00 ~710 0 0 us!|63 ~x U3

(Pw) 100 (Pw)  $0°0 0 (loo 200 (Pw) 100 us!163 (E

(Pw) 100 0 200 (Pw) €00 (zvo) 090 (pw) 220 BagAue] #6U3

(1000 200 (0 €00 (Pw) GO0 (6000 160 (pw) 0l BbagAue] gug
(Puw) €00 (PwW 6000 0 (Pu) 800 (PW €00 BagAueg «Lu3
(Pu) 100 0 ~20°0 ~¥1'0 (W) 900 BagAueg ~,9u3

(t00) 00 (00 go0 (200 GL0 (t00) 200 0 Aauoopeybnp gug

0 800 (00 P10 (Pw)  60°0 (s00)  €¥0 (Pw)  gL'0 aJjeuwlanan #yu3
(pw) o0 (@0 L0 (@0 L0 (e00) 20 (Pw)  90°0 pusyeuels cug
(Pu) 200 ~80°0 ~80°0 (pw) 200 0 pusyeuens ~.u3
(Pw) 200 ~90°0 0 0 pusyeueis ~x U3

10%S56 +12  10%S6 +1  10%S6 +0 19%56 +12  10%S6 +0

}Inpe jno.j aied noaj Ay 3nouy Jed uowjesg Al uowjes J9AIY ou 3jis

"pPap.Ioal /pa1o9||00 sem abels ajl| ou ey} sajedlpul YN uonajdap Jood e pey
Aanins Bulysiy om} B usym Jo Jno paLued sem Buiysl auo Ajuo ataym paijidde anjea ainydeo jo Aujigeqouad paauep — anjea-d ~ ‘{(buiysy |)
Aisuap wnwiuly =, ‘(Buiysy ¢) poyiaw s.uiddiz = # ‘suondaoxe Buimojjo) ayl yum (buiysly g) poyiaw uaid) a7 % Jagag buisn pajeinojeo
9JoM sajewnse Ajsusp eyl ‘Juswydjed Aue3 ey ul spluowies Jo (,W/ou) SeRISUSP Wnwiuiw pue pajewns3y g d|qel p Xipuaddy



IS¢

(Pw) 900 (00 GE0 (Pw) G0L°0 (6000 620 (200 1z'0 Auuswwniq a3
(t00) €00 (80 290 (90 €60 0 L00 0 Auuswuwniq A3
0 © €00 (Pw) 810 (oo ¢z'0 (@0 GGg "o Jaybo|o #9213
0 (Pw) €00 (Pw) 600 0 0 "o Jaybo|o M E|
(0) €000 (pw) 200 0 100 (8000 Qg0 (6100 Z90 ©JowAlBomOT 2 E|
0 (Pw) 900 (Pw)  $0°0 0 (Pw) /OO0 OSJowAIOMOT <13
0 0 (Pw) 7000 ~¥0°0 ~80°0 Jaqqelie) ~xeA3
0 (Pw) 600 (00} 9L°0 0 0 s3I QUL M3

10%S6  +L< 10%S6 +l  10%S6 +0 19%56 +l  10%S6 +0
}jnpe jno.j Aed jnoaj Ay 3nouy Jed uowjesg Al uowjes J9AIY ou 3jis

‘uons|dap J00d e pey
Aanins Buiyslyy om) e uaym 1o 1no paLied sem Buiysly auo Ajuo aiseym paljdde anjea ainyded jo Ajjigeqold paausp — anjea-d ~ (Buiysy |)
Aisuap wnwiuly =, {(Buiysy ) poylaw s.uiddiz = # ‘suondaoxe Buimojjo) ayl yum (buiysly ) poylaw uaid) a7 % Jagag buisn pajeinojes
9Iom sajewljse Ajisusp ay juswydljed 8ys3 ayj} wolj spiuowjes jJo (,W/ou) SalISUSp Wnwiulw pue pajewnsy 6 d|qel :f xipuaddy



(44

(¥00°0) 10 (900) €S0 (zoo) gL 0 (8100 9G'L ybejeg z66l1 vig

T T o

o 5.1 o

o zo b go e o
10%S6 +l< 10%S6 +0 10%S6 +1 (10%S6) + 0

Japjo B ued noay A1y 3noa) Jied uowjes A1} uowjes J19AIYy Jed) ou d)S

(0002 ‘e je uebien) Aysuag wnwiuly = (pw) ‘(Buiysy ¢) poylaw s .uiddiz = # ‘palels asIMIBY)0 SSajun ual) a1 %
Jagag Buisn paje|nojed aiam sajewsa AJisuaq ‘000Z PUB Z66] Ul paABAINS jJuawydled samolq oy} woll sajewnss uonendod 0l 8|gel 4 Xipuaddy



1394

(€00) 800  (+0) 8Z'0 0 0 ybebooy ¥,0940
© 900 0 0 0 ybebooy €.0940
© 200 0 0 0 ybebooy z.L094D
© 9¢0 © €00 0 0 REICEID) 120949

(so0) ¢€z'0 (pw) 290 (100) ¥Z'0 (Pw) PO s foue|) 02,0949
@ 20 0 0 zoo (00 600 ybebooy L0940
© 900 (00 €10 0 0 Ayunod qu1 00949
0 G00 © 120 0 0 Ayuno9 qul 6£0940

(900) /20 © %00 © 200 0 Ayuno) 8£0949

(zoo) 800 0 (200) QZ'0 (s00) Q€0 Auno) 1€0949
© 900 © 500 © 100 © 100 Aunog 9€0949

(2000 gz'0  (PW Z¥0 0 0 Ayuno) 6£0949

(00 120 © €00 © %00 0 Ayuno) ¥€0940
© gL'0 0 © 200 0 Ayuno) €£0949

10%S6 +1< 10%S6 +0 10%S6 +] 10%S6 +0

J9pjo B sed jnoij A1y 3nouy Lied uowjes A1} uowjeg JOAIY 9po92 9IS

(z00z ‘e 1 uebien)) Alisuaqg wnuwiulp = (pw) ‘palels asIMIBylo SSajun ual) 97 R Jages

Buisn pajenojeo alem sajewiisa Alsuaq “L00Z Ul peAsAins juswyoled samod( 8y} wod sajewnsa uoiendod :eQl o|qel] 4 xipuaddy



1254

© zo0 (W 600 (600 GG0 0 0 una #vin@
0 (00) ggL'0 00 QL0 0 0 (ieddn>oei8) YynQ zing
d d 0 0  oureuybejeg 6N
10%S6 +l< 10%S6 +| 10%S6 +0 10%S6 +] 10%S6 + 0
jyinpe jnoa]  aued jnouaj A1y noa] ied uowjes A1 uowjes JOAIY ou a)yis

juasald = 4 ‘(buiysy 1)
Aisuap wnwiuly = , {(Buiysy ¢) poyiaw s.uiddiz = # ‘suondaoxe Buimojjo) ayl yum (buiysly g) poylaw uaid) a7 % Jagag buisn pajenojes

oJoM sejewnse Aysusp 8yl "juswiydled YnQg Sy} Woij Spluowles Jo (,W/ou) SeRISUSP WnWiuiW pue pajewnsy | s|qel : xipuaddy



944

[44 14 8L 3 L. | LIOvLY | OLyCOC | L00¢C/0L/6) 6 | EQN|inq | ueuues’]

€ 3 € 4 LG | 2¢99lev | ¥8G¢le | L00¢/0L/6L 8 ABin| | ueuueoT

0¢ L 143 3 0/ | €869Lv | 61890¢ | L00¢/0L/6) L Sw | ueuuesT

9 4 S 4 ¢v | LS8SLY | LLvOLC | L00Z/0L/6L 9 Sw | ueuuesT

6 4 L € €y | L¢l6ly | LEEELC | L00C/0L/6L ] Sw | ueuuesT

A 4 S 4 8¢ | L6G0¢v | LL.¥lc | L00¢C/0L/6L 14 ow | ueuues

cl 14 8 4 6 €€60¢y | 0LLGLC | L00C/OL/GL € Sw | ueuuesT

] 3 14 € V¢ | LvSley | LLL8LZ | L00C/0L/6L 4 ow | ueuues

4 3 4 € L¢ | G98lcy | GE06LC | L00C/OL/6L 3 Sw | ueuuesT

6 6 ueuueaT]

s5| §|12¢| 7| 8280 S 9 5|2 3 2

29 s | &3 o w | 82| < 7] » |2 = g

53 2 lao < ) o8 | & > o =z = =

53| 3|83 S| 3215 8| & o1 ® 2

P § n| 3| 3| &3 | 3 = = S

38 8 < @ o | 85 |3 5 a -

o> | 3| 3| 8| &2 82| @

S22 2] 5| E|78
< o e Q0 © =5
-
8 " H

/002 Juswyojed ueuuea 8y} Uo ASAINS apIM-JUsWyoleo J0) S} Nsay | djqel :G xipuaddy

sjuawiyoled g4yN JueAajal ayj 10} sjinsais Buiysiyo3osje apim-juswiyole) ;g xipuaddy



9¢¢C

g8 [V [Z [z €€ | 66L1GE | SGeeLL | 2002/0L/8L | L1 | omeukjeg | yng
v [0 [v |1 8¢ | zeozse | 69¥ELL | 2002/0L/8L | 0L | omeukjeg | yng
oo le |8 |z oF | 809zGe | €€8vLL | 2002/0L/8L | 6 | omeukieg | yng
0o |+ |0 |z €9 | S6/6vE | ¢2S6LL | 2002/0L/8L | 8 ow | yng
0c |9 v |¢ 9% | ZGLIGE | ¥8¢6LL | 2002/0L/8)L | L ow | yng
9 [+ [s |1 9y | 6€¥2SE | ¥006LL | 2002/0L/8L | 9 ow | yng
0o [0 [o [¢ €F | 9022G€ | 05091 | 2002/0L/8L | G ow | yng
Ly |8 [z 0¢ | £26€G€ | 88¢vLL | 2002/0L/8L | ¥ ow | yng
vile [ ] ZZ | 68.vS€ | 2,051 | Z002/0L/8L | € ow | yng
LWy |2 [¢ vE | €619G€ | 8€6SLL | 2002/0L/8L | ¢ ow | yng
e v [z |¢ ZZ | €689G€ | LEYSZL | L002/0L/8L | L ow | yng
8 8 una
[2] [7] 4 4 —~ I m [72])
z5 | 2|5 |85 |8 |38 |5 9 9 5|7 5| €
29 | o | 5| L Qg | < 7] » |2 = )
S S o .M % O o+ Q s ) 4 =, >
W 3 3 S - 8 m Wv o [ o o 3
o (%1 513 |3 &= | S =4 a S
= 7 3|2 5 g
8| 82|88 |g|38a |3 5 3 =
| |8 |s|v|ee |~ @
2l1<|g|3|&|=8
22588 g
5| e |2 8
2] T @ =
5123 a
s 2
2

/002 Juswyoied yng ayj uo AsAINSs apiMm-Juswiyoled o) s)Nsay °zZ algel :§ xipuaddy



LST

| ABinT 6Lu1

| ABnT gLu

| ABnT Lu

ABinT 9Lu1

1S Youquinig GLu1

! qul ybejueal | yiul

Z }S @lewwe) gLul
eqeling ZIul

eqeling Lul

eqeling oLu1

! eqe|ing 6uU1

| qu} Aysauamo gu
L 2aMuamQO Ju
BaquamQ qu]

| ybeyse|n guT
| ybeyse|n pu
ybeyse|o gu

| ybeyseo qul zu
Im7 ybeyse| pui

¥oeqapons paulds ¢ |93 JaAry ou a)is

'002< =G ‘002-10} =¥ ‘00L-LG =€ ‘'0S-L 1 = Z ‘0L-} = | Bunes sduepunqy
"JUsWIYO}ed uuBUEBST 8y} Ul paplodal saloads Jaylo Jo) Bunes aouepunqy - | 9|qe] :9 xipuaddy

sAaAins Buiysijou3oa|a aAnejijuenb Bulinp papJooal salvads piuowjes-uou 1oy sbuijes asuepunqy — 9 xipuaddy



85T

L O Ape|o .19
" aJowy|y 910

BunoeN "7 quL GI1o

| o uinjeg ¥10
" uinie@ €19

o AlueuolD rAbo)

BunoeN 7 quL LD

193 J9AIY ou aj)Is

002< =G ‘002-10L =+ ‘00L-LG =€ ‘0G-L L = ¢ ‘0L-1 = | Bunel sduepunqy
Juawiyole) Ape|D ayl ul pajoa|oo salnads Jayjo Joy Bunes eouepunqy € 9jqe] ¢ xipuaddy

MOJIBOUBMQ o1
I I Jeqqe|e) 611

L MOJIBOUBMQ |

MOJIBOUBMQ 21

ybeissseuse|s o1

ybeissseuse|s Sy

L 2amuamQ 1

L ybeiesaius|n 1

us|o o

L us|o 1

oeqapong paulds € |93 J9AIY ou 9)s

'002< =G ‘002-10} =¥ ‘00L-LG =€ ‘0S-L 1 = Z ‘0L-} = | Bunes sduepunqy
"Juswiyoled ybeyoe ay) ul palos||0d saloads J1ayjo Jo Bunes aouepunqy g 9|ge] :9 Xipuaddy



65¢C

c O\ eliegaamo) 9LMD

l DI\ ellegaamo) SLMo

c DI\ ellegaamo) yIMD

c DI\ ellegaamo) cIMD

| 201qy ZLMo

| 201qy )

! 201qy )

! 1S UsayaIUsID 6MO

! 1S UsaYaIULID 8Mo

1S UsaYaIULID LMD

! O euteg 9mo

DI\ ellieg gMmo

) O euteg yMO

[ 2aMmuamQ Mo

c c faMmuamQ cno
faMmuamQ LMD

WOEGOPIONS 193 FEYNIY ou a)is

'002< =G '002-10L =¥ ‘00L-LG =€ ‘0G-}1 = Z ‘0L-1 = | Bunes souepunqy
"JUBWIYD]ED BIIBQOAME) BY) Ul Pa}oa||00 saloads Jaylo Joj Bunel eouepunqy :G 8|qe] :9 xipuaddy

I l OIN dJ0paamo 910

14 ainuy 1 qul S1D

z l JojeusmQ 10

L JojeusmQ €19

Jdn JojeusamQ rA L)

MOIJJNO |88} 110

Japunoj4 MOUUI 193 J9AIY ou 9NS

'002< =G ‘002-10} =¥ ‘00L-LG =€ ‘'0S-L 1 = Z ‘0L-} = | Bunes sduepunqy
“Juswiyole) A|j040 8y} Ul pa}oa||od saloads Jayjo Jo) Bunel souepunqy ¢ 9|qe] :9 xipuaddy



09¢

3 OIN esuamQ vimO

3 OIN esuamQ eIMO

3 OIN esuamQ rA7410)

3 OIN esuamQ LIMO
aniebuamQ 0LMO

3 [lesino e 6MO
|[ayseoens 8MO

L |[ayseoens LMO
|[ayseoens oMO

|[ayseoens SMO

|[ayseoens MO

4 uebojleys eMO
uebojieys 4, o)

uebojieys LMO

AaidweT 193 J9AIY ou 9}is

'002< =G ‘002-10} =¥ ‘00L-LG =€ ‘'0S-L1 = Z ‘0L~ = | Bunes sduepunqy
"JusWIyoled BauaM( 8y} Ul pa}as||0o saloads Jaylo Jo) Bunes aouepunqy :9 a|ge] :9 Xipuaddy



19¢

L o\ IEI) €ZI9
L O ue|9 zzIo
O ue|9 1219

L O ue|D 0zIo9
Jdn us|9 6LI9

Jdn us|9 8LIo

L MOID LLID
L MOID 9LID
MOID GLID

MOJD qu L PLID

Jdn moun cLID

Jdn mouan rAN [}

MOJD quL LLID
AupjspusmoQ oLID
AupjspusmQ 619
AupjspusmQ 819
AupjspusmQ L9

qu1 yieyessybno 919
qu] Anreybeusay SI9

| 29MUBaMQ 14
l 29MuUBaMQ I
L 98aMuamMQ qu L rdf3)
29MuUBaMQ LID

123 JOAIY ou 9})IS

'002< =G ‘002-10} =¥ ‘00L-LG =€ ‘'0S-L 1 = Z ‘0L-} = | Bunes sduepunqy
"JusWIYOIeD US| By} Ul paloa||0d saloads Jayjo 1o Bunel aouepunqy :/ 9|ge] :9 xipuaddy



9¢

L | Auez 6Lu3

o L alowAue] gLu3g

| | | [I|nis AL E

| [ [I|nis 9glu3g

| | Jdn jlanis GgLug

Z alowAue] yLu3g

L S9SS0.4 clug

| ysi163 Zu3

L ys1163 Lu3

| ysi163 oLu3

L B6agAueg 6u3

Z B6agAueg gug

L B6agAueg Ju3

L B6agAueg gug

L Aauoopejybnp gug

L aJewua)an yug

| | pusyeuens gug
| pusyeuess cug

| pusyeuesqs ju3

Japunoj4 yoeqspons paulids ¢ Aaiudwe7 |93 J9AIY ou 9}is

'002< =6 '00Z-L0L = ¥
‘00L-1S =€ ‘0G-L1 = Z ‘0l-1 = | Bunes souepunqgy Juswydjed Aued ul pa}os||oo salvads Jaylo Jo Buljes eduepunqy 8 ajge] :9 Xipuaddy



€9¢C

Zz ybebooy ¥,0940
L ybebooy €,0940
RSIVETD! z.,0940

s foue|n 120940

L ybebooy L¥0940

€ Anunod qug 070940
Z | Anunod quy 6£0940
L L Auno) 8€0940
L Auno) 1£0940
€ Aunod 9¢0949
Z L Auno) Ge0940
Z L Auno) ¥£0940
Aunop ££0940

MOUUIA 193 JOAIY 9poH

'002< =G '002-L0L =¥ ‘00L-LS
=¢‘0G-L1 =2 ‘0l-1 = | Bunel eouepunqy ‘Juswydled semold 8y} ul pajds||od saloads Jayjo 4oy Bunjel eouepunqy 0| 8|qe] :9 xipuaddy

(Wwo $Z 8 22 '02) € | | Auuswwniq 833
AuuswwiniQ 3

| "o Jaybo|o 93

| "o Jayboio Y E

(wogz) | L alowAiamo] 2 E|

L alowAlamor] IS E|

I JeqqeJed [AFE|

L oS3 quL 143

JnoJ} eag JIspunoj4 [EE] JOATY ou 9)is

"IN0J} Bas 10) umoys (wo) sybuapyio) pue JequinN "002< = S ‘00Z-1L0L = v
‘00L-1S =€ ‘0S-11 = Z ‘0OL-1 = |L Bunes esuepunqy "juswiydie) axs3 ul pajos||od saloads Jayjo jo Bunjes aouepunqy g d|ge :9 xipuaddy



¥9¢

‘(Y661 ‘uebies g ayooy) ABAINS JuBWIYDIED UBUURST Z66 L @U) wol) saus Buldwes Bulysijosos|g - 614 ;2 xipuaddy

sjuawyoaled g4uN Jo sAaAins snoinaid wouy eyep Buiysiyoa3o9|3g ;2 xipuaddy



(Y661 ‘uepuays R uejhog) AeAins juawyoleo ybexoe 661 oYl wol) says buldwes buiysyouyos|3 :z 'bi4 ;2 xipuaddy

§9¢

siauleq a|qessedw)
SIanl ——
sweals
ealy awyoed [ |
sols AoAINg e

puaba

SIS]OLUIO|Iy| I —

ybno

- ybnojssaln

Juswiyoe) ybexoe AAT\




99¢

Jussald Jussald 0 0 «8¢
# 600 (£00) €20 (50°0) 810 (c00) £v0 L€
# 100 (6170 G0 0 0 28 o¢
# 100 # 100 0 0 2781 Ge
# 600 # 100 0 (€1°0) z0 281 ve
# 100 # L0 # 100 (zvo) 9zo 281 £e
# €00 # 900 # €00 # 220 281 ze
# €00 # G00 # 200 (c00) 860 281 e
# 800 # o) (50°0) zZLo (zo0) 610 28i 0¢
# €00 # 800 # 200 # zLo 28 62
0 €00 0 # 9L0 2811 8z ybesquamo
#  $00 (50°0) 621 0 0 /2
(#0°0) 10 (zo0) 9¢0 # 200 (100) 6770 9z
0 (80°0) 910 0 (6€°0) 9eC Gz
# €00 (0) 190 0 (1e0) 8z'L v Aljeoeuusmo
(0) 900 (100) 900 0 0 0z
# 10 # 910 0 0 &1 6l laqqeed
Jussaid Jussald 0 0 N 8l
# 100 # 900 0 0 NN L1
#  $00 # S00 0 (zo0) 1€°0 o 91 ybesssseuse|n
0 # 100 # 200 # 1’0 €z
0 # 200 (0) o) (0) €0 zz
# 100 # 100 LLo 1€0 Lz
# 100 (0) ¥0'0 (100) €00 (0) ¥1°0 Gl
# 100 # 100 # 100 # 100 vl
0 # 100 0 0 el MO.IeoUBMQO
# 1€°0 (c00) 690 0 0 20 Ll
0 (810 S0°L 0 0 20 0l
#  $00 (£00) Ze0 0 0 o 6
(100) G0 (zo0) 9v°0 0 0 o1 8
(100) 160 (110) 691 0 # 900 e .
0 (¥170) gce 0 #  ¥L0 e 9
Jussalid Jussaid 0 0 LI Ne
(0) 100 (100) Zro (zo0) ze0 (100) LGl I %
# 200 (100) 6770 # 200 (100) 961 AR € "] us|9 squL
6 0 . 0 4
0 0 4 0 | ybexoe
19%56 +l 19%56 +0 19%56 +l 19%56 +0 3)Is /0,
Jured Jjnouj s >.C jnoJaj Jed uouljeg >.£. uouwjeg }saleaN ou 9jiIs JOALY

pajdwes Ajaaieyuenb-iwas |, ‘Ajisusp wnwiuiw # ($661 uepuays g uejfog) uawyoed ybeyoe ay) Jo) sajewnsa uonejndod :z a|qe] :/ xipuaddy



L9T

(0661 ‘UBBYM B ueblie)) AaAins Juswyoled Ape|D 6861 9yl wod) says buldwes Buiysyouyos|3 ¢ 'Hi4 ;2 xipuaddy

SEIENY]  mm = a ealy juswyoled
¢ S L G0 0 7’
SIOAN ——

swealls

slelleq sjgessedw|
solUs AoAINS e

puaba
y6no uewIOUSID
Ry uliaeq /
AppegyoeigeN ybno
_— ) uonels Jamod
Rﬂ weaug [eBueyiniys 1lop Buneinbay 8
£
2 e
7]
2 |/
2
£
< . Jany AperD g st
3 ﬂ upy ysNoT % e
)
%,
©,
% Q
> CA
<
z (S

E\ alopsamo -
s

Juswyoled Ape|o




89¢

# 0020 # 00€0 0 0 4 1S 9pIS UBJOLIUBID
# 2210 # ¥100 # ¥50°0 0 Ll ueloyjus|o

# €Y00 0 0 0 0l (s|es anoqe) Bunoeuas|y

# 8020 # 0010 # 8000 0 6 Bunoeusapy

# 0010 # €£€0 0 0 8 }S uulpy ybno-

# G200 # 0010 # G/1°0 # €900 LD . Jaauluung

# 0800 # 0¥20 # 1010 # 1010 9 BAODIOBUSDN

# 6800 # vv00 # 2200 0 S lebueynis

# 6110 # 6500 # G100 0 4 ueybnojoin

# €00 0 # 8€00 0 (m e us|9 uosiod

# €200 # 9000 # 9000 # 1100 (e us|9 uosiod

0 # 200 # 1¥00 # 1000 2o e us|9 uosiod

# $00 0 # $00 0 ko) z o ulAeQ

# 910 # 900 # 90 # 800 | 1S @sH Amsjung

19%56 +l 19%56 +0 19%56 +l 19%56 +0 ays L0,

J9)eals) g uied jnoaj A1y noaj Lied uowjes A1y uowes }saleaN ou 9)s J9AIY

‘(06861 UBBYAA ¥ ueblies)) g6 Ul pakanins se juawyoled Ape|D ay) Joj sajewilsa AJlisuap wnwiuip ;€ 9|ge] :/ Xipuaddy



69¢

(z261) Ayned o\ Ag esuamQ ul psjdwes sa)ig "t "B14 ;2 xipuaddy



0LC

- Geoo 100 0461
9900 00 ¥0°0 6961 us|o
¢00 980°0 €00 0461
c00 ¢0 10 6961 [|9ysedels
+Z Uow|esS +] uowjes +(Q uowjes Jea )\ FEYYIY|

(cL61
AupedoN) 0261 ' 6961 Ul juswydje eauamQ ay} Ul ,w Jad uowies ajiudAn( jo sse|o Jeak yoes jo (,w/ou) Aysuaq :g o|qe] :/ xipuaddy

G000 €L00 ¥0°0 0.6l
€00 900 9LL'0 6961
800 oLo 0c'o 8961 us|o
100 00 L0 0461
600 €Lo Geo 6961
G0'0 60°0 00 8961 I8ysedells
s|eg Jnoi] umolg uowjes Jea )\ LYY

(2261 Ayuedo) Juswydie) eauamQ a8y} ul (,w/ou) Ayisuap sajoads :y d|qe] 1/ xipuaddy



ILC

(6861) uepuays % uejfog Aq Juswyoled us|9 ayj ul psidwes sag G B4 1/ xipuaddy

. 34 SJ91OWO|y I .
14 € 4 3 0
9/
xz‘@ %oued | N

Balyjuswiyoed [ |t
SIOAL —

sweaJls
slolleq ajgessedw| =
Solg AoAINS @

-

ayesaybno

JuswiyoleD us|9




CLT

Juasald 0 (Y4
Juasald 0 Juasald 0 (Y4
# S00 # 00 # 100 0 819 Gz
# €00 # 800 (zoo) sLo (Lo0o) 660 819 ¥ (¢) AupisejusmQ
Jussald Juasald Jussald 0 IRANA
# vL0 # ¥20 # ¥L0 # 191 ZZ qul-ybneN
# 100 (L0'0) 600 (10°0) S00 (L0°0) 620 619 1z
(zoo) 100 # GO0 (y0°'0)  LL0 # €00 619 0¢
# 200 # GO0 (L00)  zZLo (L0'0) S00 oLID 6l
# 200 (L00)  ¥00 (L00)  ¥00 # €10 oLID gL  AupisejusmQ
# 110 # 200 0 0 GLID 9l
Jussalid 0 0 0 GlL
Jussald 0 Jussald 0 i7"
0 (0) 800 # 110 (Loo) zzo €l
0 # 800 (L00) 210 (10°0) Z0 LLID zL
# 800 # 100 (L00) 210 # 100 Ll €qul
# S00 # S00 # 1’0 0 oL Zaul
Juasald Juasald 0 Juasald g
# S00 # S00 0 # S00 14
0 # 8€0 # 800 (Lo0o)  ¥€0 € L qul
# €00 0 (0) 8zo (0) 110 0zI9 Ll
# 900 # 610 # €00 # €0 1219 6
0 # 900 # 00 # 1’0 1219 ]
# 200 # 200 (L00) L0 (100)  ¥L0 1219 .
0 # 1’0 0 # GG0 L1219 9
0 (80°0) ZL0 (£0°0) €0 (¥0'0) €10 2219 Z
0 # 610 # 200 A €219 L JIN Us|
10%S6  +13 10%S6 +0 10%S6 +1 10%S6 +0 a)is 2002 "ON
19PJO pue +| JnoJdj >.¢ jnoJaj Jied uouwjesg >.¢ uowjesg }SoJeaN 9)IS DALY

‘pajdwes AjpAaneyiuenb-iwas Ajuo alam ey} Sa)is sajedlpul , ‘Alsusp wnwiuiw

sejedlpul # (#7661 UepHays g uejkog) €661 Ul paAains se Juswydled us|s ay) 1o} (,w/ou) sajewljse uolendod :9 s|qe] :/ xipuaddy



€LT

Jussald Jussald 0 0 (6374
(¥0°0) 70 (y0'0) 120 0 0 8P
Juasald Juasald 0 0 VA%
# €00 # S00 # 110 (zoo) zgo Lo 1%
Juasald Juasald 0 0 (%374
]1se@sald Juasald 17474
(zoo) 900 (t00) 100 (0) sLo # 900 (3[2%i4[3) (5%
# €00 (L0'0) 800 (10°0) Z0 # 00 719 v
0 L0 (0) 2100 (10'0) 200 # €00 143} Ly @amusmQ
0 (€00) PL'L 0 0 919 O 41 yieyesaybnoT
600 G0 # 1’0 0 0 6E >Meyelsybno
# S00 (zoo) ¢€zo # 200 # G00 8L 8¢
# €00 (zo'0) Z0 # €00 0 8L L€
0 (c00) €10 # €00 0 8LID o¢
# G20 # 110 # 800 # 800 Ge (9)dJeddn us|n
(L0'0) 800 (L0'0) 8L0 # 200 (L0°0) 100 6LID 145
0 (100) 20 0 # 800 6LID ee
# GO0 # 200 # 210 # 100 6LID ze
0 # 200 # 200 (10°0) €0 6LID e
0 (zoo) zgo 0 0 Gl 0¢ (g)Jaddn us|9
(90°0) /L0 0 0 0 119 62
10%S6  +1< 19%S56 +0 19%S56 +l 19%S56 +0 a|s 2002 "ON
J9PJO pue +| JnoJdj >.¢ jnoJaj Jied uowjesg >.¢ uouwjesg }saleaN 9J}iIS DALY

‘pajdwes AjpAneyjuenb-iwas Ajuo aiem jey) sa)is sajealpul , ‘AJisusp wnwiuiw sajeslpul

# (¥661 uepuays @ uelhog) €661 Ul poASAINS se JuswydIed Ud|S au) 4o} (,W/ou) sajewnsa uofendod :pjuod g ajge:/ Xipuaddy



vLC

(6861) uepuays B uejlhog Aq Juswyoleo ays3 ay) ul pajdwes sa)s "9 Bi4 2 xipuaddy

[ ___=mm = o=
ealy JUsWILoleD T 1T L 20 0 o
SIOAN —| Ol
sweals O
slalleq a|gessedw| [eBauoq
sa)g AoAIng e o
puaba
J8niy 18Boiny
E/ .\«
- i
JBATY 8I0WAIBMOT )
H
juswiyoyen ays3 |
N




SLT

(uesaid (juesaid 0 0 N E «9€
jluasald Juasald 0 jussald >3 xG€
0 # 200 (zoo) 800 (Lo'0) 280 »3 Ve
# €00 # ¥1L°0 (Loo) 810 (zoo) s80 N3 €€
(1l00) 600 # €10 0 0 | 0¢
0 # €00 # 100 (0  9¥0 33 62
# 100 # 200 # 00 (Lo0) 8€0 AL 0z
0 # 100 0 (100) 120 TAE! 6l
# 100 (Lo0) 00 # 100 # SO0 13 8l
0 jussald 0 0 133 0L
jussald 0 0 0 NE oL
# 110 # 610 # 810 # 1€0 NE 9
# S00 # 120 0 0 3 g
# 210 # 20 # 620 # G20 E 4
# 600 # 610 # 20 # ¥20 e ¢ oys3
19%56 +l 19%56 +0 10%56 +l 10%56 +0 ays L0,
19pP|0 @ +| JN0J| >.¢ jnoJaj Jaed uouwjesg >.¢ uowjesg }S@JeaN ou 9IS DALY

pajdwes Ajpanelnuenb-iwas Ajuo aiam jey) sayis sajedipul , ‘Alisusp

wnwiuiw sayeslpul # ($66] uepuays g uelfog) €661 Ul peASAINS Se JusWydled aysg ay) Joj ajewnsa uonendod :/ ajqe] :/ xipuaddy








