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1.0 DISCLAIMER

"Unless otherwise stated in the text the analysis, opinions and comments in
this report are beyond the scope of the NAMAS accreditation”.

3of76
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2.0 SUNMMARY

In 1994 the Biological River Monitoring Programme was supplemented for the first
time by the assessment of macrophytes under a development project supported by
[RTU. This was reportad on in the Technical Investigation 94/1376 - The poteatial
use of aguatic macrophytes as indicators of long term changes in water quality.

Continuation of this work in [996 was requested by Environment and Heritage Service
in Work Programme 93/7, subversion I, clause 1.2.2.

The percentage cover of each plant identified at each Biological River Monitoring
Programme site was assessed using a standardised methodelogy in the Summer season
1996. Comparison was made with the Haslam Trophic Banding plant assemblages and
each site was assigned the appropriate class(es). For the Holmes classification,
macrophyte scores were derived from these data taking into account both the
tolerance/sensitivity of the species racorded and their abundance on a 3 tier scale.

The immediate aim of the investigation was to highlight any rivers or catcchments which
were showing evidence of enrichment. Also, as changes in trophic status are generally
the result of stow processes, the investigation forms a base-line against which future

macrophyte monitoring data can be compared.

The continuation of both means of classification used in parallel is among the
recommendations made. The analysis of the data has shown that Northem Ireland’s
rivers are for the most part enriched due primarily to agricultural and sewage related
sources. The level of enrichment in rivers like the Lagan, parts of the Foyle and the
Blackwater is such that there is obviously scope for plant induced variations in
chemucal water quality with pH and Dissoived Oxygen being obvious indicators of this

activity.

The survey has highlighted a number of areas that merit further more detailed studies
for a variety of reasons. These include:

(1) In the Foyle River catchment the main priority area for further work is on the upper
and mid-sections of the Fairywater River based on both macrophyte and invertebrate
data. Subordinate areas that are showing enhanced enrichment include the Cloghfin,
Eskragh Water, upper Owenreagh and Moumebeg Rivers all of which are showing
signs of enhanced trophication to the extent that chemical and biological quality may

also suffer.

(ii) In the Faughan and Roe catchments the most significant change that has occurred is
in the Mobuoy stretch of the former from Haslam Class 5 (eutrophic) to oligo-
mesotrophic. This change is significdnt and bearing in mind the highly variable
invertebrate data from this river reach further work is recommended.

(ur) In the Lough Neagh catchment the problem areas that are readily recognisable

occur on the lower sections of the Upper and Lower River Bann and the Tall River,
Given the political sensitivity of the former and the loss of plant biomass at Gilford in
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1996 further work in 1997 is recommended as a high priority. The Upper Blackwater
appears to exhibit something of a decline in its macrophyte communities in 1996 for
whatever reason. This situation should be closely monitored in 1997.

(iv) The most obvious problem in the North Antrim catchment is the highly enriched
state of the River Bush. Activity to identify and reduce the nutrient loadings on this
river will be necessary if the integrity of the salmonid fishery is to be maintained and

enhanced.

(v) The problem rivers in South Antrim/North Down obviously include the River
Lagan but the greater priarity areas for further work are the Cully’s Bum and the
Ballynahinch systam both of which are consistently subject to high levels of stress on
their invertebrate communities.

(vi) In South Down enrichment is a problem on the Newry and Blackstaff River
systems which merit further work but a more significant problem involving
phytotoxicity may exist in the upper reaches of the Clanrye River.

(vit) In common with (vi) above similar toxicity problems are suspected in the Ere

catchment in the upper reaches of the Lackey River and the upper reaches of the
Irvinestown tributary. These are recommended for further investigation.
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3.0 INTRODUCTION

In 1994 the Biological River Monitoring Programme was supplemented for the first
time by assessment of macrophytes under a development project supported by IRTU,
This was reported on in the Technical Investigation 94/1376 - The potanuial use of
aquatic macrophytes as indicators of long term changes in water quality.

[t was concluded that macrophyte scores derived using the Standing Commitiee of
Analysts (1987) scoring system do not correlate with Biological Monitoring Working
Party (BMWP) invertebrate scores. This development work recommended that
macrophyte assessment should be carried out annually at the existing Biological River
Morutoring Programme sites and thar the Haslam Nuzrient Status Banding
Classification should be employed until such time as a national or European system

was adopted.

Continuation of this work was requested by Environment and Heritage Service in
Wark Programme 95/7, subversion 1, clause 1.2.2.

The subsequent report of this work (see TI 95/0192) included a 1995 classification
based on the Haslam system and a comparison with the equivalent classification for

1994.

During this period a national 'trophic ranking’ classification was under development by
Dr Nigel Holmes on behalf of the Environment Agency which has been subsequently
cofunded by the Scottish and Northern Ireland Forum for Environmental Research
(SNIFFER). This project was primarily designed for the detection of enhanced
trophicatiod in relation to the impact of Sewage Treatment Works (STWs) as defined
under the EU Urban Waste Water Treatment Directive.

However, as it was potentially capable of the detection of trophication in rivers
impacted by nutrients from other sources its use was adopted in Northern Ireland for
the 1993 survey. The results of this method of aquatic macrophyte data collation
were included in the report but in the absence of an experience based classification the
interpretation of the Mean Trophic Ranking scores was limited.

The percentage cover of each plant identified at each Biological River Monitoring
Programme site was assessed using a standardised methodology in the Summer season
of 1995 and 1996. Comparison was made with the Haslam Trophic Banding plant
assemblages and each site was assigned to the appropriate class(es). For the Holmes
classification macrophyte scores were derived from these data taking into account both
the tolerance/sensitivity of the species recorded and their abundance on a 3 tier scale.

The immediate aim of the investigation was to highlight any rivers or catchments which
were showing evidence of enrichment. Also, as changes in trophic status are generally
the result of slow processes, the investigation formed a base-line against which future

macrophyte monitoring data can be compared.
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The continuation of this work in 1996 was agreed with Environment and Heritage
Service (DOE(NT)) as part of the Work Programme (96/7 Sub 1 Clause 1.2.2). This
report details the findings of the 1996 survey and examines the macrophyte
classifications and undertakes comparisons with the dara collected in Summer 1995,

Although a system which is to be nationally adopted has been produced by Holmes
(1995) this remains the subject of ongoing R & D. In addition the classificacion for
trophic status based on Mean Trophic Ranking has yet to be formalised although a
guide classification is available for the first time. The Haslam system which still
appears to be of benefit in the Northern Ireland context continues to be used in this
report in order to allow direct comparison with the 1995 data. In addition the Haslam
classification provides a baseline against which the proposed classification based on

MTR can be assessaed.

3.1 The Haslam System

The Haslam Nutrient Status Banding Classification assigns 3 different classes to Irish
rivers determined by the presence of predetermined macrophyte assemblages. Each of
these classes is represented on a river map by a colour (see Figures 1 and 2) . These
colours are listed and the assemblages are described in Appendix . The relative
abundance of individual species is not taken into account in this classification with the
exception that when >50% diatomaceous algal coverage is recorded then the assigned
colour banding is downgraded by one band towards the eutrophic end of the spectrum.

3.2 The Holmes Mean Trophic Ranking System

Since the initial report (TI 94/1376) a system was devised by Dr N Holmes,
(Alconbury Environmental Consultants, The Almonds, Warboys, Huntingdon,
Cambridgeshire) based on Mean Trophic Ranking. This R & D project was initially
supported by Anglian NRA, but further phases of the project have been supported by
the Environment Agency, latterly with 2 contribution from the Scottish and Northern
Ireland Forum for Environmental Research (SNIFFER). Although the development of
this methodology continues to be elaborated and fine tuned it is generally accepted
within the United Kingdom as the method of choice for trophication assessment in
rivers and supersedes the Standing Committee of Analyst’s “blue book” methods.

This system takes the abundance of each species of macrophyte into account. For the
purposes of the system, macrophytes are defined as all higher plants, vascular
cryptogams and bryophytes, together with groups of algae which can be seen to be
composed predominantly of a single species eg Cladophora aggregate.
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The output of the Holmes system in 1995 was not a classification but a means of
ranking sites in terms of their trophic status. Subsequently in 1996, a thrae band
classification was proposed as one of the outputs. This assigned Trophic Ranking
Scores to 2 particular class. These are defined in Table | below

Table 1 Macrophyte Classifications Based on MTR

Class Descriptor

Warers that are unlikaly to be eariched

Waters that are eariched or are showing the
potential to become enriched

Warers already enriched with a degraded
macrophyte florz

A list of the species used in this classification is given in Appendix 2. Note that the
Trophic Ranking Scores assigned to each species can be counted up to a maximum of
3 times (in this version of the system) for each site depending on its relative abundance.

3.3 Conservation

In addition to the information which can be derived from macrophytes regarding warer
and sediment quality there is 2 peripheral benefit in that this information could be of
use in conservation work. It should be emphasised however chat the methodology
employed does not produce definitive species lists and therefore care should be taken
when the data are used for conservation purposes. For example, these data alone
would not provide a sound basis for river conservation designation.

The results of this study are not compiled for conservation purposes and thus shouid
not be used for this purpose without appropriate care.

Conservation work in progress on NI rivers (the System for Evaluating Rivers for
Conservation, SERCON) is making use of the macrophyte data collected by the field
methodology described below to assess the extent of the naturalness of a community of
macrophytes. This is done by comparison with predicted macrophyte communities
modelled [argely from geological information for the reach. In addition macrophyte
diversity is relevant as a physical descriptor.

The macrophyte data collated for 1995 and 1996 could be used to help dascribe the
expansion of invasive alien species and the distribution of rare or uncommon species.
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4.0 METHODS

This section describes how the river macrophyte data were collected. Subsequently
the two separate means used to classify these macrophyte data are described.
Comparisons are made between the survey years and the individual sampling methods.

4.1 Macrophyte Data Recording

Macrophytes were assessed at all NI Biological River Monitoring Programme sites
using the in-house procedure N1099F between the start of June and the end of August
1996. This invoived two members of staff assessing a 100m reach, speciating
macrophytes and recording abundance as an estimate of percentage cover for each

species.

This methodology was the same as that used to produce data for the 1995 Haslam
Nutrient Banding Classification (see Section 5 - TI 95/0192).

The only exception to the recommended Holmes fieldwork methodology was that
boats were not used for deep rivers over 10m wide where good visibility from both
banks was not possible. This was due to the constraints of time and resources.

4.2 Classifications based on Macrophytes

Two means of determining macrophyte based classifications from the data obtained
were used. These are the Haslam Nutrient Banding system and that based on Mean
Trophic Ranking scores that is under development by an EA/SNIFFER R & D project,
These are described in more detail below.

4.2.1 The Haslam Nutrient Banding Classification

Application of the Haslam Nutrient Status Banding Classification involves determining
which of the defined species associated with each of the 5 trophic classes occurred at
each site and subsequent assignation to the appropriate class(es). The indicator species
for each class are given in Appendix 1. The means of assigning class(es) is described in
detail in the 1994 report (TI 94/1376 Section 7.5.3.) and will not be repeared here.
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The allocation of Haslam classes to a macrophyte assemblage will always tend to be
somewhat subjective and relies on the interpretation of the individual biologist.
However, in order to keep subjectivity to a minimum the classification was rule basad
(see TI94/1376 - Section 7.5.3). This rule based system was modified slightly in
1995. The rules are reproduced below and these were used in deriving Haslam

Classes,

(1) The presence of diatomaceous algae at specific sites reflects a degree of
perturbation in trophic status @nd this needs to be recognised. Where these growths
are sigruficant (ie >50% coverage) the colour banding is downgraded by one band

towards the eutrophic and of the spectrum.

(2) Where the plant assemblage is indicative of two adjoining bands the overall
classification is taken as being indicative of a borderline sitation. The classification
would then be representad by two colours eg blue/purple, red/blue, esc.

(3) Where the plant assemblage straddles 3 bands the dominant band(s) based on
relative abundance is taken as being the class(es).

The amendment or clarification of rule (3) is that where the plant assemblage straddles
3 or more bands then the band with the most indicator species will be included in the
classification (even if it is a joint classification). If another band is to be selected for a
joint classification then it would be the next band with the most indicator species
represented. In the event of bands having the same number of indicator species then
the band adjacent to or closest to the 'dominant’ (most indicator species present) band
would be assigned. In the event of the 'subordinate’ bands being equidistant from the
dominant band then the subordinate band with the greater relative abundance of
.indicator species would be assigned.

Also, for the designation of a joint classification the bands would have to have the
same number of indicator species or if one was subordinate (had fewer indicator
species) it would have to have over half the number of indicator species present in the

dominant band.

Joint classes could be assigned for a reach where the classes are not adjacent in the
trophic spectrum e.g. Green/Blue.

The limit to the total number of joint classes for each site was taken to be 2. The
assumption made in 1994 and 1995 to classify rivers with no plants in the Haslam
system as dystrophic was continued.
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The difference between the Haslam classifications for the 2 years (1995 and 1996) was
calculated as a number derived from examination of the trophic spectrum becoming
progressively more eutrophic through Green, Yellow, Blue, Purple and Red. These
five trophic bands are allocated a whole number 1 - 5 respectively (Appendix 3). For
example, the difference from Green to Yellow is a change of | class, from Blue to Red
a change of 2, ¢tc. Where joint classes had been assigned then the midpoint value is
allocated. For example Green/Yellow would be ascribed a numerical band of £.5,
Yellow/Blue would be given numerically as 2.5 and so on (see Appendix 1). Thusa
change in class from Green/Yellow to Yellow/Blue would be recorded 25 a change of |

bandre 2.5 -1.3=1.

Due to the refative insensitivity of the banding system and the relative lack of detail in
the descriptions of the species assemblages, a change of 1 unit would not be regarded

as being significant.

4.2.2 The Holmes Classification

This system is described in the document submitted to the National Rivers Authonty in
March 1995 - “Macrophytes for water quality and other river quality assessments”.
More recent work has attempted to detail how Mean Trophic Ranking scores are
allocated to 2 particular class. However, this classification system is still being
evaluated nationally and is perhaps likely to be prone to future modification and
amendment as experience is gained. At this moment in time it is the nearest technique
available nationally for trophic status classification based on aquatic macrophytes and

hence its inclusion in this report.

It must be emphasised that while this system will inevitably require further refinement,
its advantages over Haslam classes include the use of abundance, rather than merely
presence or absence of indicator species and better discrimination of sites because it is
based on a much more comprehensive list of macrophyte species.

A three point scale of abundance is thought to provide adequate definition although
there is an option to use a 9 point scale of relative abundance.

The 3 point scoring system involves allocating scoring "Trophic Rank Scores”
depending on the percent coverage of the river as follows -

<0.1% enter once
0.1-5.0% enter twice

>5.0% enter three times.

The list of scoring macrophytes and their Species Trophic Index Scores is given in
Appendix 2.
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The system methodoiogy states that an absolute minimum of at [2ast 3 scoring species
"are probably required and high confidence should be reserved for sites with at least 10
species”. For simplicity's sake the term "species” throughout this report includes either

species per se or plant groups defined by Hoimes as single scoring entities e.g.
Cladophora aggregate.

As noted, the end product of the ranking system is the Mean Trophic Rank (MTR)
which is a biotic score for each reach assessed, reflecting the trophic status of the
reach. It is based on the tolerance/sensitivity of each species described as the Species
Trophic Rank (STR), and the abundance of each species described as the Cover Value
(CV) for each species at each site such that -

MTR = [(sum of STR x CV)/sum of CV] x 10

12 of 76



TI 96/0236
3.0 RESULTS

Figures 1 and 2 show the 1995 and 1996 Haslam Trophic Bandings on 2 map of
Northern Ireland.

A table giving the Haslam Nutrient Status Banding Classifications for 1995 and 1996
and the extent of the change in class between the 2 years is given in Appendix 3.

Figure 3 is cartographical presentation of the nationally proposed classification based
on the Holmes Mean Trophic Ranking scores.

The Holmes Mean Trophic Ranking scores derived from the data obtained in the
Summers of 1995 and 1996 are given in Appendix 3. The number of species used to
derive the score is also given as it is important in terms of the confidence which can be
atrached to each score. Similarly Percentage Cover Values are included in the same
Table. Also recorded herz are the alien species encountered at the Biological River

Monitoring Programme sites.

Appendix 4 ranks the Biological River Monitoring Programme sites in arder of their
Mean Trophic Ranking scores.

Figure 4 shows an attempt at correlating the 1995 and 1996 MTR data. It is readily
evident from this figure that there is little direct correlation between year on year MTR
scores. The reasons for this are considered in more detail in the Discussion Section

below.

Appendix 3 is a table of sites assessed giving Irish Grid References and both the
Biological River Monitoring Programme and E & H S catchment codes.

Tables 3 to 7 which are included in the Discussion Section summarise changes in
Haslam Classification, changes in MTR scores between 1995 and 1996 and year on
year variation in relative abundance .
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HASLAM BANDS FOR 19956.

FIGURE 1.

14 of 76



TI /96/0236

HE: o bilel:] .
AHSSYIONN ——— N~
DIHAOMING " .~
—_——
U__._n_oEomm_z._” \f)\

DHIOUODO

DIHAOUISAD ~——" ™\ _.~

FIGURE 2. HASLAM BANDS FOR 1996,

O
_

(u :2p00sg)

15 0f 76



TI /96/0236
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6.0  DISCUSSION

For convenience the discussion is divided into sections relevant to the saparate means
of classification.

6.1 Haslam Classifications 1996

As pointed out in earlier reports there is a measure of subjectivity in allocating Hasfam
classes to recorded macrophyte assemblages. Whilst this variability can be minimised
by the imposition of a rule based decision making process it is still likely that minor
fluctuations may occur due to the inherent subjectivity of the classification technique.
For these reasons temporal trends will ultimately be more important than fluctuarions
between one class or another. Where changes of one class or less occur berween years
at specific sites these are more likely to reflect the limitations of the classification as
much as constituting evidence of significant change in trophic status.

Where changes of more than one class occur at individual sites between years then
these are more likely to reflect actual changes in trophic status between years.

Reference to Appendix 3 shows that by far the majority of sites have not changed
Haslam Class between 1995 and 1996.

The year on year changes in Haslam Class are given in Appendix 3.

6.2  Changes in Haslam classifications 1995 to 1996

6.2.1 Foyle Catchment

In the Foyle River Catchment the overall pattern between 1995-96 has remained
relatively stable. The more oligotrophic waters continue to be in the head water
sections particularly in the Sperrin Glen Rivers and the upper sections of the Derg and
Burndennet systems. This conclusion is supported by the invertebrate data,

Of particular concern is the apparent enhanced degree of trophication in a number of
the rivers that were identified as being quite enriched in the 1995 survey. These
include the Moume Beg (1995 oligotrophic/mesotrophic to 1996 upper mesotrophic-
Figures | and 2) and the mid and lower sections of the F airywater (going from
generally oligotrophic in 1995 to upper mesotrophic in 1996). Similar examples could
be cited for the Cloghfin, Eskragh Water and upper Owenreagh Rivers.

Although it might be argued that the enhanced ability of the surveying staff would have
contributed to the generation of a more comprehensive species list in 1996 this would
ultimately not affect the classifications significantly. Rather the classifications clearly
indicate that considerable sections of river within the River Foyle Catchment are
showing classic signs of autrient enrichment.
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The net result of this enrichment is the presence of dense macrophytic growths in an
appreciable {ength of rivers in this catchment. Physically these growths will impair
water use. For example fly fishing will be constrained, water abstraction will become
more difficult and the use for racreational canoeing or bathing would be curtailed.
Additionally water quality in reaches where extensive macrophyte growths occur is
prone to major fluctuations in pH and Dissolved Oxygen as the direct consequence of
respiratory and photosynthetic processes. Not only do these variations in chemical
quality have potentially significant implications for the biological quality of these
reaches, they are ultimately likely to lead to the downgrading of the classification of
these reaches based on General Quality Assessment (GQA) parameters.

6.2.2 Faughan and Roe R Catchments

The changes in classification between 1995 and 1996 for the River Faughan and Roe
appear significant. Gone are the sections included in the dystrophic category recorded
in 1995 which are largely replaced by their inclusion in the oligotrophic category. In
both years these rivers show modest evidence of enrichment but the most significant
feature is the removal of the lower River Faughan from the eutrophic category in 1996
which would probably more accurately describe the trophic status of this stretch of

rver,

The inclusion of the Burnfoot River in the mesotrophic band (cf dystrophic in 1995)
reflects the increased pressure from agricultural pollution during 1996. The nutrient
status of the Muff Burn has apparently improved between years reflecting a decline in
the number of recorded agricultural discharges affecting the river during 1996.

6.2.3 Lough Neagh Catchment

In general terms the 1996 Haslam Classifications present a slightly bleaker picture than
was evident in 1995. Considerably shorter lengths of river were classified in the
oligotrophic and oligo-mesotrophic bands (see Figures 1 and 2). The general
indications from the 1996 data are that the rivers i this catchment are showing
somewhat more signs of nutrient enrichment. This is evident in the more enriched
rivers such as the Lower Bann, the lower sections of the Tall River and the lower

sections of the Upper River Bann.

Of particular interest is the fact that the Haslam Classifications for the Sixmilewater
remain unchanged despite allegations of reduced macrophyte biomass and species
diversity in recent years. In contrast almost all of the tributaries of the Sixmilewater
appeared to be more nutrient impoverished in 1996 than was the case in 1995.

In general terms the rivers in this catchment show a highly variable degree of nutrient

enrichment based on the Haslam Classifications but by far the domunant classifications
lie in the mesotrophic or more nutrient enriched bands.

18 of 78



T1 96/0256

6.2.4 North Antrim Coast Catchment

With the exception of the Tow and Glenshesk Rivers the remaining water courses in
the Antrim Glens catchment were exclusively in the lower mesotrophic Haslam
Classes. Given that these rivers flow through the less intensively farmed areas of the
Antrim Plateau it is perhaps surprising that these rivers are not oligotrophic. The
sources of the nutrient inputs responsible for this enrichment must be assumed as being
related to farming practice in the absence of point sources of nutrient enrichment.

The most obvious changes in the trophic status between 19935-96 in the North Antrim
rivers occur in the Glencloy, Glendun and Carey Rivers. These were all included in the
upper mesotrophic class in 1995 and these are now included in the lower mesotrophic
class. In contrast many of the remaining rivers appear to be slightly more enriched but
these changes are sufficiently subtle as to be of only academic interest. By far the
biggest change between years occurs on the Tow River which was including in the
eutrophic class in 1995 and which was upgraded to oligotrophic in 1996.

In contrast the River Bush system appears to be generally more enriched in 1996 than
was the case in 1995. Whether these changes are real or illusory is perhaps academic.
What is clear is that agricultural enrichment of this river is exerting a significant effect
on the flora and remedial action may become necessary if the salmonid fishery is to be

maintained and improved.

The MTR based classification confirms that both the Bush and the Antrim Glen rivers
are generally showing signs of unexpected nutrient enrichment with only the Tow

River being included in Class 1.

6.2.5 South Antrim and North Down Catchments

The changes between years on the Kilroot River and the Cully’s Burn are negligible
being nutrient poor in both years. In contrast there appears to have been some
improvement in the trophic status of the Woodbum River.

The trophic status of the River Lagan appears to have deteriorated somewhat between
1995-96. However, these changes are relatively minor and the classifications still
appear valid given the dense macrophyte cover observed on the River Lagan below

Moira each summer.

The changes in the trophic status of the Enler and Blackwater Rivers in Co Down are
insignificant with the former again showing an enhanced degree of enrichment. The
trophic status of the Ballynahinch River shows what appears to be a slight
improvement but this is more likely to reflect the insensitivity of the Haslam
Classification system. The status of the nearby Blackwater remains unchanged.
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6.2.6 South Down Catchment

With the exception of the Clanrye/Newry River system there have been very few
changes in the trophic status of the rivers in this catchment between 1995-96. The
majority are again either oligotrophic or oligo-mesotrophic which would be regarded
as being close to the natural status of these rivers. In contrast the enriched nature of
the Blackstaff River was apparent in both years.

The dystrophic status of the upper section of the Clanrye River was evident in both
monitoring years despite the fact that inorganic nutrients would nat be limiting in this

stretch of river. Macrophyte inhibition is suspected.

In contrast the downstream reaches between Crown and Sheep Bridges show an
enhanced level of trophication in 1996. Whether this is a detenorating irend or merely
an anomaly in the data set will only become apparent in future years but the situation
should continue to be monitored.

6.2.7 Lough Melvin Catchment

The Roogagh and County Rivers were both classified as being oligotrophic in 1996
which indicates a slight improvement in trophic status since 1995. Again this may be a
reflection of the relative insensitivity of the classification technique used.

6.2.8 Lough Erne Catchment

The trophic status of the rivers in the north of the catchment including the Garvary, the
Waterfoot, the Termor, the Bannagh and the Kesh system has shown very [ittle
evidence of change between the two monitoring years. In both cases these rivers tend
to be either oligotrophic or bordering on nutrient poor. However there is some
indication of enhanced enrichment in both the Glendurragh River and its tributary the

Doaraa.

The Haslam classifications for the Ballinamallard River system show a slight measure
of improvement in 1996 compared to 1995. Whether this is real or ilusory remains to
be confirmed by future monitoring. However what appears to be a dystrophic section
of river in the Irvinestown Tributary perhaps reflects macrophyte inhibition rather than
the absence of trophication (see Section 6.6).

The classifications achieved by the Sillees River in 1996 are similar to those obtained in
1995 whereas there is evidence of a slight improvement in the trophic status of the
Arney River. Simifarfy there appears to have been some slight measure of
improvement in the trophic status of the Colebrooke River. The Haslam classifications

for the Swanlinbar and Woodford Rivers remain stable.
In contrast there appears to have been a significant improvement in the trophic status

of the upper Lackey River at Knockballymare (EHS Reference 36/08/R900) from
upper mesotrophic in 1995 to oligotrophic in 1996, Given the very poor invertebrate

20 of 76



Ll

TI96/0236

biology of this reach there may be grounds to suspect a toxic response in this section
of Aver.

6.2.9 Summary of changes in Haslam Class

As stated elsewhere in this text the Haslam Classification while being a useful
assessment technique in monitoring river trophication it has a number of shortcomings,
These include the fact that macrophyte abundance is ignored in the classification and
additionally that the species lists used are far less comprehensive than those used in the
calculation of MTR. For these reasons coupled with the slightly subjective means of
allocating classes, the classifications would be expected to inherantly vary to some

degree.

In interpreting change in the real sense it is probably realistic to assume that changes of
one class between years are unlikely to be significant. By the same argument then
changes of more than one class, either upwards or downwards, are more likely to
evidence real change.

The changes in Haslam Class are given below in Tables 2 and 3. The former gives a
list of classes where the classifications have deteriorated berween 1995 and 1996 /e
become more eutrophic. The latter lists sites where the classifications have improved
ie Show less evidence of trophication,

Table 2 Upward Changes in Haslam Class Between 1995 and 1996

River Localion Sile Reference Code Haslam Haslam
1995 1995
St Gk

T
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For completeness Table 2 includes a number of sites which have changed by only one
class. Itis the sites which have deteriorated by more than one class thar are perhaps
the more important. It is immediately obvious from the list that all of the river reaches
which have declined by more than one class all have a documented pollution history
based on the invertebrate monitoring,

The Fairywater is representad in this list by the 2 most upper monitoring sites at
Monaghan's and Muilanatoomog Bridges respectively. Intuitively the flora of these
sites would be acknowledged as being [ow grade being abundant in terms of cover but
not particularly diverse. The invertebrate data from Monaghan's Bridge parmicularly
has indicated an angoing pollution problem the source of which has not been fully
investigated. The macrophyte data merely serve to support the need for detailed
investigation especially as fishery enhancement work is planned for this rver.

The Bumnfoot R is known to suffer from intermittent farm pollution and this appears to
be reflected in the Haslam Class for 1996. Similarly the pollution problems at
Legahory on the River Faughan have been documented (see TI 93/7303) as have been
the stress problems on the R. Roe and hence the decline in the trophic status of these
sites might have been predicted,

Although the classification of the Upper R Bann (03/05/R050) is intuitively accurate
and can be corroberated by invertebrate data it does give rise to concern as to whether
or not this section of river is deteriorating further. Further detailed study of this
section of river in terms of its chemical sediment quality should be considered as a
matter of urgency. Below this the remaining river reaches that have deteriorated in
terms of their trophic status hold no surprises. These include the Dervock (intermittent
agricultural poliution), R Lagan at Lisburn (sewage and industry), and the Kilroot and
Lough-a-Hache Rivers both of which receive intermittent agricultural pollution.

This method of analysis clearly indicates that the Fairywater and Upper R Bann should
be given priority status for fiirther intensive study.
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The sites listed below 2r2 those whera the trophic status of the reaches 2ppear to have
improved between 1995 and 1996 /. These reaches appear to have imzroved due 1o
low levels of enrichment. These ars considerad in mora detail in tals sezton. As with
the reaches that have shown a decline in Haslam Class it is the reaches snowing the
greatest degree of changs that are the more IMpOrTant in t2rms of monizaring vear on
year changes.

Table 3 Downward Changes in Haslam Class Becween 1995 and 1996

Site Reference Cade

Gilforg

Vemer's Sridge ¢
vy
~Bum's Sridge

- iCaledon
; Elalli_.rrnoney Br

As with the sites that have shown a decline in trophic status between 1993 and 1996
(see Table 2) the list of sites which appear to have improved (see Table 3 zbove) also
contains many of the sites where persistent or periodic pollution prassure is either
suspected or has been confirmed based on invertebrate biological and chemical daza.
What is perhaps surprising is the extent of the changes in the Haslam Classes with
three sites dropping from eutrophic (Class 5) in 1995 to oligotrophic (Class 2) in 1996

From examination of the 1995 data set on which the sites recorded in Tablz 3 were
classified obvious trends are evident. In all but three cases the sites were included in
the more trophic bands as the result of the occurrence of significant growths of sither
the blanket weed, Cladophora spp or diatomaceous algal films. In both cases these
growths are most commonly associated with intermittent enrichment avencs such as
agricultural discharges. By their very nature these growths appear rapidly znd can
disappear equally rapidly. In addition their extent is strongly rzlated to low flow

conditions and prolonged periods of sunshine. Both factors were 2 major fzature of
1993,

In contrast the 1996 flows were higher which would naturally rastrict the substantial
growths of both blanket weed, Cladophora spp or diatomaceous algal films as both are
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inherently unstable in higher flow regimes. Their relative absence from these sites in
1996 would be interpreted as being the result of their transitory nature, the availability
of only normal levels of axenic radiation and the higher flow levels that were
experienced in 1996. The changes in classification between years would appear to be
more of a natural phenomenon than evidence of 2 reduction in nutrient loadings

between years.

The chree sites that were upgraded on the basis of rooted macrophyte growths rather
than on the basis of primary production were the Upper River Bann at Gilford and the
River Blackwater at both Verner's and Moy Bridges. The latter appear to be a
function of elevated flows affecting the flora of the R Blackwarer in 1996. For
example, plants such as the burr reeds, Sparganium emersum and S. erectum which
favour shallower waters disappeared from the survey reach berween 1995 and 1996,

The former is much more difficult to explain especially as it lies in a strecch of water
where theoretically nutrients should not be limiting on the basis that there are several
significant STW discharges upstream. Admittedly the main discharge from Banbridge
has a phosphate reduction plant in operation but discharges from Lenaderg and
Lawrencetown would be expected to maintain plant growths at Gilford but this is not
the case. Given the current sensitivities regarding the quality of the Upper R Bann it
would be recommended that further more intensive biological surveying shouid be
undertaken in 1997 especially given the modest invertebrate data sets derived from the

1996 monitoring programme.

It might be sigificant to note that the relatively short list in Table 3 includes three sites
on the River Blackwater. This may be significant and should be carefully monitored in
1997 in order to establish whether there is an ongoing and relatively rapid biological

change occurring.

6.3 MTR values 1996

The MTR values recorded in 1996 are generally higher than those derived from the
previous sampling year (see Appendices 3 and 4). The reason for this is that the field
staff received an advanced training course in the identification of aquatic bryophytes
prior to the initiation of the 1996 survey. This important group is recognised as being
both dificult to identify and of considerable importance in trophication assessment in
rivers. Indeed many are awarded the highest Species Trophic Rankings (STR) that
when summed have a disproportionately high effect on the MTR values from specific

sites.

The ability to recognise these high STR macrophytes can ultimately have either a
positive or negative effect on site MTR values. Reachés that would have been
previously classified as dystrophic by virtue of the fact that no macrophytes were
recorded would naturally tend to be included in Haslam Class 2 (oligotrophic) but
there is very little evidence of this occurring (see Figures 1 and 2).
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Figure 4 1995 .19595 Carralation of MTR Value
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However it is obvious from a year on year plot of site MTR values that there is little
direct correlation between the MTR value obtained from specific sites in the two
survey years (see Figure 4). How much of this disparity can be explained in terms of
real change and how much relates to improved surveying skills cannot be fully
evaluated at this time, It is the further development of the field surveying techniques,
development of identification skills and the elaboration of a discriminatory,
classification-orientated system which is essential to the more complete and
scientifically defensible interpretation of MTR in the context of river or catchment
trophication. Only at that time should the use of the Haslam system, with its
shortcomings be replaced by a classification/monitoring tool based on MTR.

6.4  Changes in MTR for 1995-96

As MTR is a relatively recent tool developed primarily for the detection of sensitive
waters under the EU Urban Waste Water Treatment Directive it is perhaps premature
to attempt to measure changes between years for general water quality assessment.
This situation is exacerbated by the fact that the tectnique is relatively new in the
Northern Ireland context and the expertise continues to develop.

However, in order to critically evaluate MTR it is tmportant to seek trends in the data
set and to critically assess whether and more importantly why changes occur. Itis
inappropriate in this report to attempt to explain all of the changes that occur in the
MTR scores and for this reason only the reaches that show the highest year on year
changes will be considered. These are [isted in Tables 4 (sites where the scores have
decreased since 1995) and 5 (sites where the scores have increased since 1995).
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Itis readily apparent from Table 4 that the list contains two differing types of site i.e.
those which are known to be subject to poflution stress and those which are naturally
low nutrient rivers. Examples of the former include Cully’s Burn, Killyclogher Burn,
Rhone, Bessbrook efc. The latier set includes the Glenaan and Glencloy Rivers in the
Antrim Glens. However, the balance is very much in favour of the river reaches which
are known to be polluted.

[t could be implied that the downward changes in score that are evident in the 1996
data set when compared with 1995 reflect pollution induced biological change which
need not necessanly be associated with trophication alone.

As with the analysis of change in Haslam Class it is interesting to note that the

R Blackwater system again has a disproportionate representation in what are sitas that
are showing evidence of biological change, if not decline.

Table 4 - Sites where the scores have decreased since 1995

River Lacation Site Reference 1995 MTR 1896 MTR %

It is readily evident from Table 5 that the sites which have shown any substantial
increase in MTR are those which support relatively modest plant communities both in
terms of diversity and relative abundance. These vary from sites in nutritionally poor
civers such as the Owenkillew R to sites which support modest plant communities due
to being impacted by pollution. The net result is the same, the most difficult
macrophytes to speciate (mosses and lichens) assume a much greater importance in
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these reaches. The identfication skills of the 1996 surveyars had been mpmved by
training prior to the 1994 survey. Hence the recording of mosses and liverworts would
have been more ‘compere for the 1996 study. This will probably explain the increases
in MTR scores for the sites given in Table 5.

Table 3 - Sites where the scores have increased since 1995

REEE A 1995 MTR 1555 I"J ~%eChange

6.5 MTR classification

The MTR based classification has been applied to the 1996 data for the first time. The
fact that it is based on a three band system tends to mean that it is relatively insensitive
to subtle changes in trophic status that are evident in the Haslam classes. Reference to
Figure 3 shows that the majority of river reaches are included in Class 2 ie waters that

are ennched or showing the potential to become enriched.

In contrast very few rivers are included in MTR Class | and as might be expected these
tend to occur in the Lough Eme Catchment, Sperrin Glens and South Down (see
Figure 3).

It is perhaps the rivers that are included in Class 3 that produce the most surprises.
For exampie whereas the upper River Blackwater would intuitively be included in the
mesotrophic band MTR includes it in Class 3 ie waters that are already enriched and
with a degraded macrophyte flora. In contrast the middle and lower secrions of the
River Lagan which are known to be highly enriched are included in MTR Class 2.
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Other surprises in the MTR classifications include the failure to recognise the
enrichment of the Drumnagreshial Tributary of the Bannagh River and yet it includes
the Creevan Burn which is only slightly enriched in Class 3.

The sensitivity of the river classification could undoubtedly be increased by the
inclusion of more bands in the system in much the same way that the number of bands
has been increased for GQA chemistry and biology. Itis acknowledged that too little
experience is available at this time to produce an effective banding system. However,
it is apparent that the lack of discrimination in a three band system applied to NI data
merely results in most reaches rightly or wrongly being included in the largest band

te Class 2. This feature then impinges on the other bands to the extent that very few
river reaches in Northem Ireland are included in Class | - rivers that are unlikely to be
enriched and rivers such as the River Lagan which are known to be highly nutrient
enriched are not recognised as such.

6.6 Relative Abundance

The relative abundance of macrophytes in rivers is 2 critical parameter in the complete
interpretation of macrophyte data in the context of trophication assessment. The
standing biomass in a river reach is ultimately dependent on the availablity of suitable
nitrogen and phosphorus sources in either the water or the sediments of the reach.

With the exception of a limited number of nitrogen fixing species these nutrients

largely arise from allochthonous (external) sources. In addition particular plant species
are susceptible to extreme levels of nutrients. Thus while the standing crop can be high
in an enriched reach, the species composition is likely to be reduced due to pollution
interferences.

Most plant surveys are reduced to one visit at some point over the Summer period.
Invariably the peak relative abundances will be missed in most reaches because of the
limitations on the timings of specific surveys frequently not being contemporary with
maximum plant growth. In addition the excessive growths of algal species such as
diatomaceous algae or Cladophora spp can occur and disappear relatively quickly
when conditions are transiently favourable. These then are largely encountered by
chance when surveys are contemporary with the transient occurrences of these
growths.

Despite these limitations relative abundance can yield valuable clues regarding the
trophic status of Northem Ireland’s rivers. The complete relative abundance records
for the Biological River Monitoring Programme sites are recorded in Appendix 3. The
high proportion recorded to places of decimals is a feature of the method of surveying
employed rather than a highly accurate measurement. For example, species present in
very small amounts are recorded as 0.1% whereas others that are merely present within
the survey reach would be noted as 0.01%. The net result of summing is a value on
occasions to two decimal places giving an appearance of accuracy that is artificial.

Similarly a significant number of sites produced relative abundances >100% cover.
This occurs where the growth of higher plants is covered with growths of algal species.
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It is not possible within this report to examine each and every site with regard io the
trends in biomass. However it is important to understand what is happening in the
more extreme cases. For this reason the top 20 sites in terms of relative abundance
and the lowest 20 sites in terms of relative abundance will be considered in greater
detail below. The features of these more extreme cases are summarised in Tables 6
and 7 below.

6.6.1 Sites with high relative macrophyte abundances

It is readily apparent from Table 6 that the majority of sites with very high relative
abundances are dominated by algal species. Of these top 20 sites all buc 3 are
susceptible to heavy infestations of algal species. The three sites with limited algal
cover are the Eskragh Water (01/11/R830) and the R Lagan at Youngs and Lisburn
Bridges (05/01/R550 & 05/01/R400 respectively). All three of these sites are known
to be highly enriched. The former due to periodic agricuitural pollution and the latter
two due to a range of nutrient inputs exacerbated by the enrichment of the river
sediments.

Table 6 Giving the 20 sites surveyed which supported the highest relative
abundances of macrophytes in 1996

Dominant macrophytes

Cladophora, Vaucheria
Cladophora, diatoms, S. emersum .
Cladophora, diatoms, mosses
Cladophora, Vaucheria,
Lemanea, Hildenbrandia, filamentous gresns
Cladophora, Lemna spp., Nuphar
S. emersum, diatorns, mossas
diatoms, P. natans, S. emersum
Cladophora, Vaucheria, filamentous greens
Cladophora, Callitriche
Cladophora
¢ Cladophora, S. emersum, S. erectum
! Cladophora, Ranunculus penicillanus
{ Cladophora, P. pectinatus, P. crispus
i Cladophora, diatoms

S. emersum, P, natans, C. obtusangula
{ Nuphar, Cladophora, P. natans, Lemna spp.
Glenmornan Cladophora, diatoms, A. riparium
Lagan sErshurn: Lemna spp., P. natans, E. canadensis
Faughanvale  ZEsugfiamvat=Br ! Cladophora, diatoms

Ballynahinch
Blackburn
Finn

Braid

Lagan

Main

Eskragh Water
Lagan

The remaining 17 sites all have a history of either point or intermuttent pollution
problems all of which contribute to the high macrophyte relative abundances recorded.
What is perhaps perturbing is the extent of the problem and its range of geographical
distribution. In this context more detailed catchment surveying in conjunction with
nutrient budgets including both water and sediment components might be appropriate
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in subcatchments or catchments where remedial action may become necessary. The
obvious target areas would be those where catchment management plans exist.

6.6.2 Site with low relative macrophyte abundances

The absence of macrophytes from a reach can be associated with range of
environmental conditions. These include, areas of unstable substrate {eg gravel/sand in
a high velocity reach), high turbidity waters, acidic waters, waters naturally dystrophic
(very poor in terms of nutrients), and waters which contain substances which are
intubitory to the growth of macrophytes, amongst others.

Reference to Table 7 clearly demonstrates the range of rivers that support at best only
low macrophyte abundances. Many are clearly the result of being nutrient poor river
reaches in upland watercourses. From Table 7 the following sites would be identified
in this group (using the coding from the Table): 1, 3, 5, 10, 12, 13, 15, 18, and 19.
Two other sites can be removed from the list on the grounds that both the macrophyte
and invertebrate data for these stations indicate a degree of acidification. In the case of
the former the macrophytes resident in both the Coneyglen Burn and the Glenlark
River are restricted to acid tolerant species of mosses typical of acidic upland streams.

This leaves a core of eight sites which are restricted in the abundance of their resident
macrophytes for reasons which are less readily apparent than are recorded above.
What is common to these eight sites is the fact that the resident invertebrate
communities show persistent signs of stress to a greater or lesser degree.

Table 7 listing the 20 sites with the lowest recorded macrophyte relative
abundance values recorded during 1996
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The inclusion of the Six Mile Water site at Ballycushan (03/02/R350) is suspicious as
this is within the area where local angling interests have suggested that there has been a
decline in macrophyte abundances over the last number of years. The neighbouring
upstream station below Ballyclare (03/02/R500) at first sight appears to support a
much more abundant flora with a total cover recorded as being 19.4% in 1996.
However more detailed scrutiny of the data set reveals that the blanket weed,
Cladophora spp and the canary reed grass Phalaris arundinacea account for 3% and

- 15% respectively. The former could be regarded as an indicator of periodic
enrichment whereas the latter is an emergent grass that is not subject to the fisll rigours
of any inhibitory chemicals that may be present in the water column. In addition, the
absence of the water crowfoot, Ranunculus penicillatus var penicillatus from a river
system where it is generally common is suspicious. Taking these factors together the
situation does merit further more detailed investigation.

Twao sites which form a slightly unique cluster are those on the R Finn above and
below Rosslea STW (36/08/R525 and 36/08/R3525 respectively). In the case of the
latter the impoverished plant community in terms of biomass could be explained in
terms of shading and unstable substrate which is primarily sand in this reach.

However, neither constraint could be applied to the upstream site which has significant
proportions of hard, stable substrates and the relative absence of shading. The fact that
there is an obvious absence of macrophytes in a reach which is physically suitable and
is known to be prone to nutrient inputs from agricultural sources is suspicious and
merits further investigation particularly as the invertebrate fauna of this section of fver
is also suppressed on most occasions since monitoring began.

Of the remainder the suppression of plant biomass in the Burntollet (02/01/R903) is
most likely to be a function of excessive shading and in the case of the Toome Bridge
site (03/10/R490) it is more likely to be associated with the fact that most of the
available nutrients have been removed by algal metabolism.

This leaves a core of three sites which appear to defy explanation. These are the
Irvinestown tributary at Necarne (36/06/R700), the Bessbrook R at Millvale
(06/01/R735) and the Lackey R at Knockballymore (36/08/R900). The common
thread between all of these sites is the consistently poor quality status of these reaches
in terms of their invertebrate biology although the likely sources of the stress observed
differ somewhat. The Irvinestown tributary site is below a creamery and a sewage
treatment works discharge point and hence nutrients should be anything but limiting
(¢.f. Clanrye below Rathfriland where the flora is restricted to aerial forms of the
canary reed grass, Phalaris arundinacea). Given the absence of plants from this
stretch of river in a location where nutrients should be abundant would tend to imply
that there is some phytotoxic agent at work within this reach. A derailed screening of
the efflluent might be recommended.

Although the Lackey site is not known to be below any established point discharge and
shading there may be a problem the site has a long pollution history which it has been
postulated as being the result of a toxic agent. If this is the case then further
investigative work would be justified. However in this context it is relevant to note
that the neighbouring downstream site at Carra Old Bridge (36/08/R810) is covered in
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an almost confluent growth of the burr reed, Sparganium erectum during the Summer
low flow periods. This does not necessarily contradict the phytotoxic agent theory as
the growth is virtually monospecific, however, it does clearly demonstrate that
nutrients are far from limiting at least in the sediments.

The low plant biomass at the Millvale site on the Bessbrook R cannot be easily
explained but the very poor invertebrate biological conditions in the reach may be
relevant in terms of demonstrating the presence of an upstream poliution problem. It
should aiso be noted that the neighbouring downstream site at Glassdrummond
(06/01/R720) also supported a very poor standing crop of plants (1%) dominated by
modest growths of the poilution tolerant moss, Amblystegium riparium despite being
in a stretch of river where nutrient levels could not be limiting.

6.7  Catchment reports

6.7.1 Hydrometric Area 201 - River Foyle Catchment

The rivers in this catchment are with one exception never worse than mesotrophic.
Within the range of river types based on the nutrient classification described by
Haslam, river reaches in this catchment vary from a short dystrophic reach (Glensawisk
Bumm) to strongly mesotrophic reaches. River reaches in this relatively nutrient
enriched group include the River Finn, the Mourne Beg, the Fairywater, the
Owenreagh, the Eskragh Water and the Cloghfin.

By far the most enriched reach in this catchment is the upper section of the Fairywater
River above Monaghan's Bridge. This reach supports 2 dense and extensive
macrophyte community dominated by the water lily, Nuphar lutea, the broad-leafed
pondweed, Potamogeton natans and tlie burr reed Sparganium erectum. This type of
assemblage is typical of the more nutrient enriched watercourses of Northern Ireland
such as occur in the more polluted stretches of the River Lagan. By implication it is
clear that this stretch of river is indeed highly enriched. Somewhat strangely the
enriched status of this stretch of river is not detected by the MTR classification system
which perhaps gives the first indication that the system may need to be further fine
tuned. Corroborative invertebrate data continue to indicate that this reach is subject to
quite heavy levels of pollution pressure which are presumed to be related to
agricultural discharges. In turn based on this assumption the macrophyte data also
indicate a high degree of perturbation in this stretch of river and further remedial work
would be fully justified.

Of considerable concern in this catchment are the number of river reaches which are
included in the mesotrophic category particularly those towards the upper end of this
classification (see Figure 2). Included in this category are the Finn, Moumne Beg,
Fairywater, Owenreagh, Eskragh Water, Strule and Cloghfin Rivers. All of these

- reaches support dense and diverse macrophyte communities indicative of relatively
higher levels of nutrient enrichment. The net result of these dense assemblages on the
chemical quality of the overlying waters is likely to be evident as fluctuations in both
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pH and Dissolved Oxygen. In turn these can potentially influence the resident
vertebrate and invertebrate communities of the affected reaches.

The sources of the nutrients responsible are a2 matter of conjecture. Cerainly in the
case of the River Finn and the Strule below Omagh the primary sources of nutrients
can be related to point discharges from food processing and treated sewage effluent.
In other cases the primary sources of nutrients appear to be more diffuse and are
probably related to agricultural practices. Obvious examples would include the
Cloghfin, Eskragh Water and Fairywater Rivers.

Within this catchment there are still large sections of river which show very little
evidence of trophication when classified using the Haslam system. These include many
of the rivers in the Sperrin Glens, the upper section of the Derg Catchment and parts of
the Burndennet system. In the case of the Sperrin Glen rivers even here there is some
evidence of nutrient enrichment in both the Owenreagh and the Owenkillew rivers.

The river classifications based on MTR present a similar overall picture to that
generated by the Haslam system. However, as it is a three band system compared to 2
five band Haslam Classification which can also be extended to include intermediate
nutrient water quality types, MTR appears to be much less sensitive in detecting
changes in water quality. Having accepted this lack of sensitivity it does throw up 2
number of potential problem areas that are not easily detectable in the Haslam
Classification. These are the Killyclogher Burn, which receives water treatment waste
and leachate from a domestic refuse tip, the Quiggery Water, which is prone to non-
point agricuitural pollution as well as receiving storm overflow waters from Fintona,
and the Creevan Burn which will ultimately receive waters from the Gold Mine
development but is currently suspected of receiving intermittent farm pollution.

In common with the Haslam Classification MTR identifies many of the river stretches
in the middle band i.e. those which are showing a degree of existing enrichment. In
contrast with the Haslam Classification MTR places relatively few stretches of river in
the less enriched category 1. Category 1 rivers in this catchment are reduced to
sections of the Glenelly and Owenkillew subcatchments and the Douglas Burn.

It is apparent from both classification systems that there are obvious signs of
enrichment in many of the rivers within this catchment and this phenomenon is
considered in slightly more detail below.

Given that in terms of the fishery potential this system is perhaps the most important
catchment in Northern Ireland it is perhaps sensible to recommend that attention
should be paid to nutrient reduction in these rivers. Many sections of river in this
catchment are showing signs of degradation through enrichment and uitimately if this is
allowed to continue there will be an associated decline in the overall biological quality.
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6.7.2  Hydrometric Area 202 - River Roe and Faughan Catchment

Large sections of both the River Roe and Faughan are included in the oligo-
mesotrophic classification by Haslam which is probably a defensible classification of
these rivers based on the previous knowledge of the biology. The only exception to
this nutrient based classification is the section of the River Roe below Limavady which
Haslam includes in the mesotrophic category. The downgrading of this lower reach
presumably reflects the contribution to the nutrient balance of the river from Limavady

STW.

Three smaller watercourses within this subcatchment are tending towards being
mesotrophic. These are the Muff Burn, the Faughanvale River and the Burnfoot. The
fact that the former is included in the more oligotrophic classification is encouraging as
the latter two rivers were both known to have been exposed to farm pollution during
1996 which would have undoubtedly adversely affected their trophic status,

The classification based on MTR again tends to show that the rivers in this catchment
are at least showing signs of enrichment by including all sections surveyed in either
Classes 2 or 3. Again this classification points up several suspicious areas. These
include the Burnfoot River which is known to be subject to periodic agricultural
pollution, the Foreglen River which has shown a gradual decline in the quality of its
invertebrate biology over this last several years and the lower sections of the River
Faughan which has been detailed in earlier longitudinal surveys (see TI 93/7303).

6.7.3 Hydrometric Area 203 - Lough Neagh Catchment

The rivers in the Lough Neagh Catchment cover virtually the full range of nutrient
based river classes defined by Haslam. Relatively few areas approach the oligotrophic
end of the spectrum with these being confined to sections of the Six Mile Water, upper
Aghivey, upper Moyola, upper Lissan Water, Ballygawley Water, upper Kellswater
and upper sections of the Upper River Bann,

Sections of this list of apparently low nutrient rivers are to say the least interesting.
Throughout 1996 a number of reports were received from the angling community in
South East Co. Antrim relating to a variety of pollution problems. For example there
appeared to be an indication that the macrophyte community of the upper sections of
the Six Mile Water was declining for some unknown reason. In particular the
occurrence of the water crowfoot, Rarminculus penicillatus, appeared to be rapidly
declining in the system. In this respect it is interesting to compare the Haslam based
classifications for 1995-96 and from this it is evident that the classification of the main
river is unchanged between these years. For this reason there is no obvious evidence
that the macrophyte community of this section of river is showing any evidence of

decline.

In contrast the classifications of the Rathmore Burn, Fourmile Burn, Doagh River,
Ballymartin Water and Clady Burn tend to indicate that these watercourses are
showing evidence of a gradual reduction in nutrient loadings reflected in improved
Haslam classifications.
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The remaining sections of low nutrient class rivers are probably defensibie on the
grounds that they tend to be in the upper catchments where enhanced trophication
would not be expected. '

While many of the rivers in the catchment are described as being mesotrophic (blue or
purple in Figure 2) there are obviously problem areas where the rivers are bordering on
being euthrophic. These inciude the lower section of the River Tall, the lower sections
of the Upper and Lower River Bann. In these situations both the relative density and
lack of diversity indicate high levels of nutrient enrichment.

The MTR classification again fails to recognise any Class | rivers in this catchment
with the exception of the upper section of the River Blackwater. For the large part this
would be defensible considering the problems that had been associated with Lough
Neagh and its feed rivers.

6.7.4 Hydrometric Area 204 - North Antrim Coast Catchment

Based on the Haslam Classes there has been relatively little movement between classes
in the years 1995-96 for the Antrim Glen Rivers. There have been movements fom
the oligo-mesotrophic bands into the lower mesotrophic and also movements from
upper mesotrophic to lower mesotrophic. However, given the refative insensitivity of
the classification method these changes are regarded as being insignificant.

By far the most significant change between the years has been the movement of the
Tow River site from euthrophic down to oligotrophic. The reasons for this change are
something of an enigma but they clearly reflect a high degree of change in the nutrient
budget of this river,

It is somewhat surprising given the nature of this catchment that the Antrim Glen rivers
are anything other than oligotrophic. Given the absence of known point discharges to
these rivers it most also be assumed that the sources relate to agricultural practices.

In clear contrast significant sections of the River Bush System are showing a significant
measure of trophication (see Figure 2). In this instance this phenomenon is not
surprising given the intensive farming within this subcatchment.

6.7.5 Hydrometric Area 205 - South Antrim and North Down Catchments

The South Antrim Rivers including the Inver, Glynn, Kilroot, Woodburn and Cully's
Burn are generally at or bordering oligotrophic based on the Haslam classification
system. The only exception is, rather surprisingly the Glynn R by virtue of its unusual
if diffuse floral assemblage. No explanation is offered for this phenomenon other than
to cite the fact that the flora is very obviously atypical for a river of this type. The
MIR based classification of these rivers includes all but the Cully’s Burn (Class 3) in
Class 2. Invertebrate monitoring of the latter has already established beyond any doubt
its highly stressed nature and the situation obviously merits more detailed study than it
has received to date.
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As anticipated the Haslam Classification for the River Lagan indicates a high level of
trophication. At best the waters of the main channel are at the upper end of the
mesotrophic band and at their worst, between Moira and Lisburn, the classifications
indicate trophic conditions approaching euthrophic. This phenomenon is not
unexpected given the knowledge of the catchment usage and the significant point
discharges made to the river. If anything the MTR classification confirms that the
nutrient based classification of the river indicates a degree of enrichment but as it is
based on a three band system it perhaps gives an impression of underestimating the
actual trophic status of the river. Both classification systems clearly indicate that the
Ravernet River is classified as being mesotrophic.

The Enler River is described as being mesotrophic by both classification systems
whereas in contrast the River Blackwater in Co Down verges on oligotrophic
according to Haslam whereas the MTR classification indicates more enriched
conditions.

The upper sections of the Ballynahinch River and the Glasswater River are both
classified as being in the upper mesotrophic band according to Haslam. Invertebrate
data for the upper Ballynahinch River have indicated a high degree of environmental
stress, the source of which has yet to be determined. However it is interesting to
speculate as to whether or not the macrophyte and invertebrate problems are inter-
related. Indeed both techniques used together might offer a better methodology for
tracing the source of this problem. The problems in the Glasswater River are perhaps
better documented in terms of nutrient enrichment with the major problems being
associated with point sewage effluent discharges and intensive agriculture. Somewhat
unusually the trophic status of the Ballynzhinch River appears to improve in the lower
reaches. The MTR based classification presents a similar picture but fails to
discriminate changes in trophic status in the Ballynahinch River. However it clearly
detects the level of enrichment in the Glasswater River.

6.7.6 Hydrometric Area 206 - South Down Catchment

Excluding the Blackstaff River and the Clanrye System the rivers in this catchment are
either oligotrophic or bordering on oligotrophic based on the Haslam Classifications
(see Figure 2). Given the physical nature of these rivers, the solid geology and the
agricultural usage these classifications would be fully anticipated. However the MTR
based classification presents a somewhat less rosy picture with only the Shimna,
Aughrim and Whitewater Rivers being included in Class 1. This may again be the
result of the inherent insensitivity of a three band system.

The inclusion of the Blackstaff and most of the Newry System in the more trophic
Haslam bands is not unexpected given previous knowledge of these watercourses. The
Blackstaff supports a dense but low grade macrophytic flora which would fully support
its inclusion in the upper mesotrophic class. The reasons for this phenomenon are
obscure but presumably refate to agricultural practices in this subcatchment and the
susceptibility of this small watercourse. What is perhaps disappointing is the failure of
the MTR Classification to recognise what is obviously a highly enriched watercourse.
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A wide variety of Haslam Classifications are allocated to different sections of the
Clanrye/Newry River systems reflecting a range of river types and associated pollution
prablems. For example the Jerretspass River has been prone to intermitcent organic
pollution which contributes to the inclusion of this river in the mestrophic Haslam
class. In contrast Haslam recognises the upper section of the Clanrye River as being
dystrophic despite the readily available supply of nitrogen and phosphorus compounds
from Rathfriland STW in the upper reaches. This unusual phenomenon might suggest
that the growth of macrophytes is being suppressed by some mechanism in these upper
reaches. Further consideration of this hypothesis has been undertaken when
considering the relative abundance data (see Section 6.6 above).

6.7.7 Hydrometric Area 235 - Lough Melvin Catchment

The Roogagh and County Rivers are both described as being oligotrophic by the
Haslam classification which would be in total agreement with that expected given the
catchment use and the underlying solid geology. However it is interesting to note that
the latter is included in Class 2 by the MTR Classification. No explanation can be put
forward to explain this phenomenon other than the fact that this nutrient poor river
does not naturally support either a dense or diverse flora. This in turn would give rise
to a2 low MTR score which ultimately defines its classification.

6.7.8 Hydrometric Area 236 - Lough Erne Catchment

The Haslam classification defines many of the Lough Eme Rivers as being either
oligotrophic or bordering on oligotrophic. Included in this group are many of the
rivers in the north of the catchment including the Garvary, the Waterfoot, the Termon,
the upper sections of the Kesh River system and sections of the Bannagh River. It is
interesting to note that the Drumnagreshial Tributary of the Bannagh River is included
in the mesotrophic band despite the low intensity land use and absence of known point
discharges in the subcatchment. This classification is fully justified as the resident flora
of this stream is heavily dominated by a growth of the moss, dmblystegium riparium,
which is a particularly good indicator of polluted conditions.

Similarly the less polluted stretches of the Ballinamallard, Tempo, Colebrooke, Sillees,
Finn, Woodford and Amey Rivers are included in the less nutrient enriched categories
as might be predicted.

In contrast the higher trophic ratings from Haslam are ascribed to rivers that are
known to be eariched such as the Sillees (middle and lower sections), the Cleen, the
lower Irvinestown and the middle sections of the Colebrooke. These all occur as the
result of either non-point discharges or diffuse enrichment from semi-intensive
agriculture. By far the most enriched reaches in the catchment are in the lower
sections of the Finn River and in the Lough-A-Hache River. The former is influenced
by domestic and industrial discharges from across the intemnational border and the
latter rises from an enriched lake.
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Within this catchment only one short reach is described as being dystrophic. This is the
upper section of the Irvinestown Tributary of the Ballinamallard River. This section of
river has been shown to be in a highly stressed state due to commercial and treated
sewage discharges from the [rvinestown area. It might be postulated that given the
high levels of available nutrient that this reach shouid be bordering on eutrophic but
this is clearly not the case. It might be implied that this phenomenon reflects some
form of plant inhibition. This is discussed in Section 6.6 above.

Similarly there might be a suspicion of macrophyte inhibition in the upper section of

the Lackey River based on shoricomings in the invertebrate data for the site at
Knockballymore (EHS Code 36/08/R900).

38 of 76



TI 96/0236

7.0 CONCLUSIONS

Macrophyte monitoring is an integral part of any river programme for the detection of
environmental disturbance due to nutrient enrichment. In addition it also produces
corroberative evidence for sites stressed by pollution which have been detected
chemically or biologically. It is therefore a cost effective means of monitoring river
water quality and the changes that occur with time and should therefore be continued

in future years.

The analysis of the data has shown that Northern Ireland’s rivers are for the most part
enriched due primarily to agricultural and sewage related sources. The level of
enrichment in rivers like the Lagan, parts of the Foyle and the Blackwater is such that
there is obviously scope for plant induced variations in chemical water quality with pH
and Dissolved Oxygen being obvious indicators of this activity.

The survey has highlighted a number of areas that merit further more detailed studies
for a variety of reasons. These include:

(1) In the Foyle River catchment the main priority area for further work is on the upper
and mid-sections of the Fairywater River based on both macrophyte and invertebrate
data. Subordinate areas that are showing enhanced enrichment include the Cloghfinn
Eskragh Water, upper Owenreagh and Mournebeg Rivers all of which are showing
signs of enhanced trophication to the extent that chemical and biological quality may
also suffer.

(if) In the Faughan and Roe catchments the most significant change that has occurred is
in the Mobuoy stretch of the former from Haslam Class 5 (eutrophic) to oligo-
mesotrophic. This change is significant and bearing in mind the highly variable
invertebrate data from this river reach further work is recommended.

(ii) In the Lough Neagh catchment the problem areas that are readily recognisable
occur on the lower sections of the Upper and Lower River Baan and the Tall River.
Given the political sensitivity of the former and the loss of plant biomass at Gilford in
1996 further work in 1997 is recommended as a high pricrity. The Upper Blackwater
appears to exhibit something of a decline in its macrophyte communities in 1996 for
whatever reason. This situation should be closely monitored in 1997.

(iv) The most obvious problem in the North Antrim catchment is the highly enriched
state of the River Bush. Activity to identify and reduce the nutrient loadings on this
river will be necessary if the integrity of the salmonid fishery is to be maintained and

enhanced.

(v) The problem rivers in South Antrim/North Down obviously include the River
Lagan but the greater priority areas for further work are the Cully's Burn and The
Ballynahinch system both of which are consistently subject to high levels of stress on
their invertebrate communities.
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(vi) In South Down enrichment is a problem on the Newry and Blackstaff River
systems which merit further work but a more significant problem involving
phytotoxicity may exist in the upper reaches of the Clanrye River.

(vit) In common with (vi) above similar toxicity problems are suspected in the Eme

catchment in the upper reaches of the Lackey River and the upper reaches of the
Irvinestown tributary. These are recommended for further investigation.
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8.0 RECOMNMENDATIONS

l. Annual assessment of macrophytes should continue as part of the Biological River
Monitoring Programme using the most up-dated and refined methodology based on the
Holmes (1995) system ie the nationally adopted system. This should facilitate the
identification of trends in the trophic status of rivers.

2. The use of the Haslam Nutrient Status Banding Classification should be continued in
tandem with the Holmes Trophic Ranking system. This is because there ts concern at
the high proportion of Northern Ireland sites which are not classified with reasonable
confidence. Also it is only interpretation of the data which requires additional
resources as the raw data collation for both methods is the same.

3. Northern Ireland data should be reviewed with data from the rest of the UK in order
to refine the Hoimes methodology and establish class defining ranges of scores.

4. A procedure for the prompt investigation of major discrepancies between Holmes
macrophyte scores for subsequent Summers should be considered - initially with
declines of 25% or more warranting investigation with this percentage to be reviewed.

5. As a priority additional surveys would be recommended for the following rivers:

(i) In the Foyle River catchment the upper and mid-sections of the Fairywater
River,

(i) In the Faughan and Roe catchments the Mobuoy stretch;

(i1} In the Lough Neagh catchment the problem areas that are readily
recognisable occur on the lower sections of the Upper and Lower River Bann

and the Tall River;

(iv) The most obvious problem in the North Antrim catchment is the highly
enriched state of the River Bush;

(v) The problem rivers in South Antrim/North Down obviously include the
Cully’s Burn and the Ballynahinch system;

(vi) In South Down a significant problem involving phytotoxicity may exist in
the upper reaches of the Clanrye River;

(vii) In common with (vi) above similar toxicity problems are suspected in the
Eme catchment in the upper reaches of the Lackey River and the upper reaches

of the Irvinestown tributary
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The need for these surveys is discussed in detail in the body of this report and is also
summarised in the Conclusions Section.

[JO'NELILL
Officer Responsible

P RHALE
Principal Scientific Officer
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APPENDIX 1

DETAILS OF THE HASLAM CLASSIFICATION
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THE HASLAM NUTRIENT STATUS BANDING CLASSIFICATION

Colour Band

Orange
Yellow
Blue
Purple

Red

Trophic Status

Dystrophic

Oligotrophic
Mesotrophic
Mesotrophic

Eutrophic

Example

Moorfand streams - size ii

Acid sands streams size ii
Limestone streams size i, ii and iii
Clay streams, size iii

Nutrient rich clay streams size iv
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These assemblagzs arz 25 follows:

Blue - A Red
-+ Ranunculus spp Eptlobium lirsutun
Phalaris arundinacea _Pamcﬂetn sop _{_E;;rac
Leay E:} :

- [ris pseudoacorus

' Hippuris vulgaris

- Myriopyllum spicatum
: Poramogeton crispus
. Mosses

- Potamogeton pectinatus
. Berula erecta

- Phalaris arundinacea
Apium nodiflorum

. Callitriche spp

. Rorippa nasturtium-

- aquaticum agg.

. Veronica anagallis-
aquatica agg.

- Myosoris scorpioides

Purple
Small grasses
Sparganium erectum
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APPENDIX 2

DETAILS OF THE HOLMES MEAN TROPHIC RANKING SYSTEM
INCLUDING THE SPECIES TROPHIC RANK SCORES
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THE HOLMES MEAN TROPHIC RANKING SYSTEM

The scores are applied dependent on the abundance of each scoring plant recorded as
outlined below in the 3 point scoring system -

Three Point Scoring System
When plants recorded in <.1% enter once
When plants recorded in .1-5% enter twice
When plants recorded in >5% enter three times

The list of scoring taxa for this system is provided.
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LIST OF MACROPHYTE SCORING TAXA FRO

) M HOLMES (1995)
Species Name Common Name

. Wire alga
¢ Mole-pelt alga
 Tubeweed

Netweed
Cott/Blankerwesd

i {Iverwort
liverwort
- liverwort
liverwort
- liverwort
‘ liverwort
liverwort
MOoss
mass
moss.
moss
I moss.
= Moss
mass
moss.
Moss
moss
moss.
moss.
Willowmoss
- moss
mass
i Moss
: mMOoss
maoss
moss
maoss
moss
bog moss
moss
. Water-fern__
 Water Horsetail
. Marsh Harsetail
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Species Name Common Name

Lesser Marshwort
Fool's water-cress
i Lesser Water-parsnip
Intermediate Water-starwort
¢ Blunt-fruited Water starwart
- NOT ABOVE Starwort agg
- Common Hornwort
Marea's tail
tor Shoreweed
: grntimn%i Great Bird's foot-trefoll
es Lifoliams Bogbean
o i Blinks
. Alternate-flowered Milfoil
- Spiked Water-milfoil
Yellow Water-lily
White Water-lily

. Hemlock Water-dropwort
. River Water-dropwort
Amphibious Bistort
Tormentil

Common Water-crowfoot
| Brook Water-crowfoot
| Brook Water-crowfoot

Fan-leaved Water-crowfoot
Lesser Spearwort
River Water-crowfoot
Ivy-leaved Crawfoot

. Round-leaved Crowfoot

 Pond Water-crowfoot
Fine-leaved Water-crowfoot

. Celery-leaved Crowfoot
- . Crowfoot (spp NOT KNOWN)

Great Water-dock
Blue Water-speedwell
Pink Water-speedwell
Marsh Speedwell
Marsh Violet
Sweet-flag

- Common Water-plantain
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Species Name Common Name

""" S e

Etpase Greater Pond-sedge
: Bottle Sedge

. Bladder Sedge

. Whorl-grass
Common Spiked-rush
Canadian Pondweed
Nuttall's Pondweed

Reed Sweet-grass
Opposite-leaved Pondweed
Frogbit
Yellow-flag
Bulbous Rush

. . Common Duckweed
Great Duckweed

Flat-stalked Pondweed

- Various-leaved Pondweed

- Shining Pondweed

- Broad-leaved Pondweed

. Blunt-leaved Pondweed

Fennef Pondweed

. Perfoliate Pondweed
Bog Pondweed

Hooded Pondweed

¢ Lesser Pondweed

Stiff Pondweed
Unidentified Pondweed

Arrowhead

Floating Club-rush
Clubrush/bulrush

Unbranched Bur-reed
Branched Bur-reed
Common Reedmace
Lesser Reedmace
Horned Pondweed
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APPENDIX 3

GIVING THE SUMMARY DATA FOR THE 1995 AND 1996 MACROPHYTE
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TI 96/0236

APPENDIX 4

RIVER REACHES SORTED BY MTR 1996 SCORES (ASCENDING)
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. Site Reference No. MTR95 MTR96 MTR

Eﬁéﬁ@ﬁsae:ﬁ&zz

‘A4T Road Sridge
Orumkeaenagh
~ Douglas Bridge
- :Glenmacoifer Bridge
_iGarrison
. Corrick Bridge
.Drumiza

Drumnagalliagh
Rosslea

Tatunweer Bridge
:_ Dmmlea Bridge

. ﬂ
e &&ﬁ& .
f &x’wﬂcamanhana
mﬁ 3**?-*?;;“" Manyburns Bridge
< Bmley s Bridge
ﬁ%g}\ Pollbay Bridge

- ‘Abercorn Bridge 5

iy

&:D;I}? ]

e s
ﬁ*ﬁ g&z

LI s x\\nx.\ Erm

Victoria Bridge a1

e B S T .-'i‘?\-.'\xi.._ R

IR | ﬁ:@ ﬁm;zgsu o

‘Letter Bridge
Killynoogan
Ballydawn
Glynn
Killashanbally
Bailyhoe
Drumane Bridge
Mayle Bridge
A2 Road Bridge

O1711/R520- 016
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Site Reference No.

Tuli',r*eagh Bridga
:Abbey Bridge

idow Steele's Bridge
.Toome Bridge

i Bellisle Bridge
~Moneylane
. Forkhill Lower

Cassv Water Bridge
Elallindarragh
~Aghakeseran
. :Dunmore Bridge

Legaghory
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Site Reference No. MTRS5 MTRS6 MIR

Q3/02/R3T

-Ballygonny Bridge
. Conagher Bridge

Carey Mill Bridge
Bailymartin Bridge

Newtown Road Bridge
Crumnagreshial
Cashel

‘Ardmore
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Site Reference No.

:MNewtownbutler Bridge
-Drumkeen New Bridge
ECatherine-.'s Bridge

: Seskinare Mill Bridge

.Carra Old Bridge
Carr Bridge
*%Munaghan's Bridge

;:Z§Cun'y‘s' Bridge
~ Muddock Bridge

Fortwilliam Bridge
. - Upper Bridge
. Shaw's Bridge

\:?Sprucereld

. i Courtauld's

namamss ersa -
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Site Referentce No. MTR95 AMTR9S MTR

‘Ballycushan
‘Airport Road
Darby’s Bridge
Doorless Bridge
Lismoney
Partglenone

- Millvaie Bridge
A 2 Road Bridge
Drum Bridge
Enniskillen
MNewmills
Redmend's Bridge

v S e e T

below Ballinahinch STW 0502/R500
Kesh
- iBallynameen

ﬁi“’?l._ :Benburb

g R
AL ST e i
S e T

gt

Granias Bridge D3MBIRET2 - 25
Bannanaboigh New O207/R400 ~024
 Bridge e
. Faughanvale Bridge 0
: %Giunstall
%‘,;% Dervock Bridge

B

i

L

PR R S R e

.+ :Drumgrass Bridge
: gCrewan Cattage
Dungorkin
:Leap Bridge
- [Ballinderry Bridge
: amlough
zﬁghaiumher
-Mount Cottage
:Duna Bridge
: Knock Bridge
‘Kiimore

]

Burn's Bridge
Clonteeuy
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Site Reference No. MTR95 MTRSG MTR

Lismare Bridge

:Ballymully Bridge
Cushendall
Glenavna
lassdrummond
Below Rosslea
Bammeen
ecame

Lo R % % TR P I L %
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APPENDIX 5

SITE LOCATION DETAILS FOR THE 279 SITES SURVEYED FOR
MACROPHYTES IN 1996
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THE ENVIRONMENT & HERITAGE SERVICE CODE, RIVPACS SITE
NUMBER, RIVER, LOCATION AND IRISH GRID REFERENCE FOR THE
SITES IN THIS REFORT

RIV  RIVER LOCATION
PAC ‘

- BALLYMAGORRY
- CATHERINES
| BDENNET BR.
' BUNOWEN BR
© DUNNAMANAGH
: CLADY BR
: VICTORIA BR
DOUGLAS BR
- MILLBROOK BR
CREWE BR
GLASHAGH
AGHYARAN BR
- MOURNE BR.
| SRAGHCUMBER
- ABERCORN BR
KILLYMORE BR

R

oo
.fﬁ.ﬂﬁ

ABBEY BR
TATTYNURE BR
FWATER BR
MTOOMOG
. M'AGHANS BR
¢ DRUMQUIN
DONELLYS BR
LOVERS RET
K'CLOUGHER
RAMACKAN BR

| CAMPSEBR
| BALLYNAHATTY
| SHANNARAGH
EDERGOOLE BR
| SESSIAGHBR
. ECCLESVILLE
: SNORE MILL
| BROWNS BR
| MOBUOY BR
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'GFORDBR
'CASTLEFBR

RATHMOREER

AIRPORT BR
LEAP BR

: B'DONNAGHY BR
 MLBR

| BENBURB

| LISMORE BR
g B'LASTERA BR
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LOCATION

DOORLESS

: KINGS BR

. CORKHILL BR 140 7930
LMONEY ﬁgﬁ;ﬁégg“f
SHTONS BR ToE30 5590

. DYNES BR :

- CALEDON BR

| GILFORD BR

- MILLTOWMN

'BURNGUSHET
| BUSHMILLS

© SENEIRL BR
CONAGHER BR
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LOCATION

- CROWN BR

 BARNMEEN
G'DRUMMOND
MILLVALE BR.

'CARNMEEN
BAILEYS.BR
TMORE ERST

| ANNALONGBR

AZRDBR
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LOCATION

RIV RIVER

i GREEN PK BR

BT
e

o

ROSSLEA BR
‘CARPA BR
K'BALLYMORE
- AGHALANE
THOMP'BR
'D'MANEBR
BROCKAGH
"BELCOO
 DKEENAGH
. GORTEEN
LEES = < D'KEEN BR
SEFEFS | THOMSONSBR

R

A
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- CASSY WIRBR.
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