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Abstract

Periphyton is a complex mat, predominantly made up of algae, found attached to submerged
surfaces in the photic zone of a waterbody. In the early 1990's this brown substance was
observed to cover plants, stones and most submerged surfaces around the shoreline of Lough
Gill in NW Ireland. Analysis of the water indicated a mesotrophic system, however such a
substantial growth of periphyton warranted further investigation. A monitoring programme was
established with six sample sites spread around the littoral zone. Three artificial substrates were
used to measure periphyton; glass slides, trays of washed stone and a plastic substrate (to
simulate the macrophyte Littorella uniflora). Substrates were submerged for periods of 1 month
from February 1997 to May 1998. Phytoplankton samples were also collected.

Diatoms always dominated the biomass on slides, with peaks during spring and autumn. Green
and blue/green algae became prominent in the summer and autumn. Diatom genera included
Cymbella, Gomphonema, Nitzschia and Synedra. Chlorophyta included Chaetophora,
Stigeodonium and Utothrix, and the main Cyanophyta were Anabaena and Aphanocapsa. During
1997 periphyton biomass from glass slides ranged from 25 g/m2(May) to <1 g/m2(November),
in the same period AFDW ranged between 14 g/m2and <1 g/m2with algal numbers ranging
between 16,200 cells/mm2and 124 cells/mmz2 During April 1998 periphyton biomass exceeded
anything seen during 1997 with dry weight from 24 g/m2to 36 g/m2 AFDW from 11 g/m2to 19
g/m2and cell numbers were greatly increased (18,850 cells/mm2to 41700 cells/mm?2).

A substantial proportion of cells suspended in the waters of the littoral zone were periphytic in
origin. These diatoms dominated littoral phytoplankton during spring and considerably influenced
phytoplankton populations throughout the rest of the year. In periods of peak periphyton
growth, clots of algae became suspended through wind and wave action during stormy weather
which temporarily reduced water clarity.

Considerable spatial variation was observed between the sites. This would seriously effect site
selection in a monitoring program. Wind patterns and associated water movement may influence
growth variability on substrates; those sites with greater exposure having greater levels of
growth. Glass slides suspended in the water column were more indicative of periphyton on
natural substrates, whilst trays of washed stones and artificial Littorella were found to trap
excessive amounts of inorganic sediment. The quantity of periphyton, irrespective of spatial and
temporal trends, appears to be remarkably greater than other lakes in the west of Ireland.
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1.0 Introduction



1.1 Background

Lough GllI, situated near the north-west coast of Ireland, is located between counties Sligo and
Leitrim 80%o within the former and 20%o in the latter (see Plate 1). The lake has long been
recognised as one of the regions’ most valuable natural assets (Brady Shipman Martin 1979,
North West Tourist Board 1995). It is particularly prized for its recreational, historic and
ecological value (O'Rourke ¢.1880, Kilgannon 1926,0'Grady 1991a and Cotton 1994). In
response to the ecological importance of the lake and its environs, six sites were formally
designated Areas o fScientific Interestby An Foras Forbartha (1972 and 1978 unpublished). The
lake is listed inthe Inventory o fOutstanding Landscapesand has been recognised in its
designation as a SpecialArea o fConservation under the Habitats Directive (92/43/EEC, Sl 94 of
1997). Lough Gll and its immediate surroundings are now included in the list of proposed
Netural Heritage Areas (Office of Public Works 1995 unpublished).

Recognising the importance of Lough Gill, Sligo County Council and Leitrim County Council with
the support of the Institute of Technology, Sligo successfully obtained funding from the BJ
financial instrument, ‘LIFE. The aim was to develop a long-term management strategy for Lough
@ll and its environs. The project ran from May 1995 to September 1998 and ended with the
publication of a Management Plan (Thompson, Ryan and Cotton 1998).

The Environmental Management Project had the primary aim of protecting the natural
environment of the lake and its surroundings while utilising it to its full potential in a sustainable
manner. In order to achieve this, actions such as data acquisition, education, environmental
monitoring, pollution prevention, planning controls and conservation management of the lake
were employed (Sligo County Council 1994 unpublished). One of the primary goals of the project
was the establishment of a forum, The Catchment Management Committee’, to develop
communication and understanding among the many groups with a vested interest in the lake and
its environs. Within this forum a primary aim was to draw up a water quality management plan
for the lake and its catchment.
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During the course of the LIFE project aspects about the littoral zone of Lough Gll showed cause
for concern. In spring and early summer of 1995 and 1996, while the project was undertaking a
mapping program of the lakes aquatic macrophytes, a broan gelatinous material was observed
covering organic and inorganic substrata and all vegetation along the shore (see Plate 2 and
Plate 5). The material, which was slippery under-foot and easily re-suspended inthe water
column, had coated most areas of the littoral photolitic zone around the lake.

Plate 2: Broan and green gelatinous materials found in the littoral zone of Lough Glll. Plate
shows submerged concrete structure with attached growth. Plate from the water
pump house in Tobernalt Bay on the 2rdJune 1998.



Questions were raised about the levels and effect, if any, the gelatinous material had on the lake
and its ecology. The exact nature, volume and seasonal patterns of the substance were
unknown. No scientific records of this occurring, or its extent on Lough Gll were available. It
was unclear if its incidence was intensifying. This is with the exception of observations by Cotton
(1994, unpublished) where he noted that the stones of the littoral zone were covered in slime
containing recently deposited silt and organic detritus. Cotton maintained that this was bound by
some filamentous algae, "which was an on-going legacy of the Bonet drainage scheme’. There
was concern that this material was an indication of the lakes first step towards enrichment and
eutrophication.

It was unknown if this gelatinous mat could effect macrophyte growth by diminishing light
penetration, resulting in reduce photosynthesis levels. The possibility of it reducing diversity and
cover of macrophytes around the lake was also questioned. The shore weed, Littorella uniflora
(L.) Asherson, a reasonable uncommon macrophyte in Western Europe (Perring and Walters
1993), is widely distributed in the littoral zone of Lough Gll. It was suggested that its
diminishing presence elsewhere could be a result of this broann meterial (see Plate 3). If so, this
could be the start of a change in the distribution of L. uniflora around Lough Gll. Also if the
material clogged the lake substrate there was the possibility of damage to macro-invertebrate
habitats. This could limit fish stocks by way of reducing their available food.

In Ireland the occurrence and interest in this broawn mat was not confined to Lough Glll. Dr. Jim
King of the Central Fisheries Board noted, at the BPA Lakes Research Workshop held in Athlone
on 18th September 1996 (Bowrman 1996, unpublished), that there was a need for further benthic
studies of Irish lakes. This was in response to a re-survey of the Western Lakes after ten years.
He observed an increased incidence of such gelatinous growth, which he considered to be algal
in origin, smothering macrophytes on the beds and in the littoral zone of these shallow lakes. He
went on to mention that such growths could effect water quality and disturb the spawning
grounds of fish. While their very presence could indicate the deterioration or enrichment of the
lake water.

Of more immediate concern to Sligo and Leitrim County Councils was the effect of this substance
on water quality. Lough Gll is the main public water supply for Sligo town and surroundings. At
present Sligo Country Council is building The Sligo and Environs Water Supply Scheme’ (Jennings
O'Donovan &Partrers 1994 unpublished). This will sizeably augment the volume of water
already being abstracted fromthe lake. Such measures are necessary in order to cope with



increasing demand by Sligo town, close by. Leitrim County Council have also developed plans to
use the lake as an abstraction point to pump water into the north of the county.

Plate 3: The macrophyte jM orelia uniflora surrounded and coated in brown material. Plate
taken inshoreline water south of the landing station at the West of Ireland Activity
Centre, Corwillick on the 16thJune 1997.



As part of the Sligo and Environs W ater Supply Scheme, the consulting engineers *Jennings
O'Donovan and Partners' stated that in order to provide storage for low flow augmentation, the
existing upper weir on the Garavogue River will be rehabilitated (Jennings O'Donovan &Partners
op. cit). Fromfigures noted Lough QGll water levels have fluctuated between a maximum 7.60m
OD. and a minimum 5.88m O.D. The weir has a crest level ranging from 6.70m OD. to 6.82m
OD. Repairs to the weir will allow the weir crest level to maintain a standard 6.40m QO.D. year
round. This will maintain water storage between 6.40m O.D. and 5.88m O.D. and maintain a low
flow augmentation. This may provide a positive effect on the ecology of Lough Gills littoral zone.
The less fluctuation inthe water levels of a lake will benefit those shallow water species as they
will not be left out of water when the lake falls and in water that is too deep when levels rise
(Brinkhurst 1974).

These schemes will substantially increase the amount of water being drawn from the lake.
Meintaining Lough Gllls" water quality is becoming of paramount economic importance to both
County Councils. From initial observations this broan mass around the lake has proved easy to
re-suspend inthe water column with minimum agitation. During winds and rough weather its
dispersion could be detrimental to the lake overall. The re-suspension of this material and
subsequent reduced water clarity and quality could thereby result in increased treatment costs
after abstraction.

Locally, the fear that Lough Gl was gradually slipping towards eutrophication became very real
during the late summer and autumn of 1997 and again in 1998. During 1997 the worst recorded
blue-green algal bloom occurred on the lake (see Plate 4). The bloom, which was visibly
dispersed inthe lake water column for the weeks previous, was washed ashore along the
western end following a period of calm, fine weather. Toxicity tests on water from the mouth of
the Garavogue River as well as shore line scum proved positive. With notices along the lake
shore warning about the danger of algal poisoning, and considerable national media attention,
management of fresh water supplies within the county became a major public issue.



Plate 4: Blue-green algal scum washed ashore during the intensive blooms of September and
October 1997. Plate taken north of the pier in Tobernalt Bay on the 23idSeptember
1997. Waters' edge can be seen on the bottom right hand side of plate. The
macrophytes at the top of the picture are above the waterline.



1.2 Aims

The aim of the project was to apply a monitoring programme that would identify and quantify
levels of the attached material that was deposited inthe littoral zone of the lake. The minimum
length of the study period was twelve months. This was to allow sufficient time to gather
information about the substance over an annual cycle. The extension of the study was
unconditional and could give some more depth to the data collected and provide scope for a
rough comparison with results from the first year of the study.

The changes in the periphyton population, both seasonally and geographically, would be
identified over time. The determination of the effect of this material on macroinvertebrates and
higher plants inthe littoral zone would be determined. Fromthis work, some light may be shed
on possible effects to water clarity and quality within the lake.

With seasonal trends in periphyton growth documented and observed some explanation as to its
potential problens could then be identified. Problens as a result of this material, if there are
any, may be recognised from an early stage and may have mitigating measures outlined before
they could reach a critical point.

Spatial and temporal variations in periphytic growth and the variability in results between
different substrates would go further in helping to understand the effectiveness of monitoring
attached algae in the lakes of Ireland. Data acquired would provide a better picture of seasonal
patterns and trends in littoral algal growth. 1t would help to understand the effect of weather
patterns on spatial distribution of periphyton within a lake.

To validate methods used, a comparison could be drawn between the work carried out on Lough
@ll with work done by other limnologists.  Information gathered by the Irish Environmental
Protection Agency (EPA) and University Collage Galway during The Western Lakes Project’ was
of great interest to the study (McCarthy etat. 1998). Such data and periphyton growth trends
could provide a better understanding of lakes within a similar geographical and climatic region.

The information acquired and interpreted from the shores of Lough Gll during 1997 and 1998
may be used as a base-line set against any similar work that may be undertaken in the future.
This series could be of benefit to limnologists wishing to document changes in periphytic groamh
over time. Such work could be of great assistance in understanding future changes in the



ecology of the lake. Changes such as a shift in the nutrient budget of the catchment or spatial
enrichment of the shoreline due to terrestrial activities. Periphyton work could also be utilised in
the future to monitor fluctuations in the trophic nature of the Lough G water body,

The basic aims of the project were identification, quantification and assessment of the material
occurring seasonally around the shores of Lough Gll. In order to get this overview, without
getting caught specifically in one area, algal identification would only be required down to genus.
Also, limited expertise was available in the field of algal taxonomy within the Institute of
Technology Sligo.
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1.3 Lough Gill background information

1.3.1 General morphology of Lough Gill

The Lough Gl catchment, including the lake, has a total area of 390 kn2 taking inthe Bonet
catchment to the north-east. The Bonet catchment is the main source of Lough Glll. Karstified
limestone hills exist to the north of the lake and it has been suggested that it is part fed by
groundwater from this area (Dr Richard Thorn, pers. comm.). The lake discharges into Sligo Bay
by way of the Garavogue River, which passes through Sligo town.

Lough @l lies along the junction of two distinctly different rock types. A mgjority of the lake
basin, and its land to the north, lie almost entirely on Carboniferous limestone. A narrow band of
older, hard rock, composed of schist, gneiss and quartzite adjoins the southern shore of the lake
between Slish Wbod and Whites' Bay. This metamorphic rock type, which runs north-east to a
point beyond Manorhamilton, is an easterly extension of the Ox Mountains (Holland 1981;
McDermot, Long and Harmey 1996).

Hardman (1881) first investigated the shape of the Lough Gll basin. He observed a deep
channel on the south side of the lake. This coincides with the direction of the Ox Mountains-
Pettigoe Fault (McDermot, Long and Harmey 1996). Hardman noted that the principle line of the
lake is in an east-west direction. This would lie across the direction of glacial ice flow. The
Central Fisheries Board completed in-lake topography of Lough Gll. Fromthis it was evident that
the lake basin mirrored the surface terrain, the steepest gradients lie on the southern
metamorphic shores. This area contains under-water cliffs. Adeep trough exists in the eastern
end of the lake. There the lake reaches a maximum depth of 37 meters. Asecond deep area
lies to the south-west of Church Island (King 1991).

Like Loughs Conn, Derg and Mesk in the west of Ireland, Lough Glll is sited mainly over limestone
butting against a non-calcareous rock. Hardman {op. tit.) proposed that such lakes may have
originated through faults and subsidence followed by *solution weathering' of the limestone basin,
acid waters running off the adjacent metamorphic rock, attacking and dissolving the sedimentary
limestone. He went on to state that ice action probably assisted in the details of carving out the

11



lake basin. The role of such glacial erosion could be more significant (Charlesworth 1963 and
Williarrs 1969).

1.3.2 Lough Gill littoral zone

The littoral zone of a lake is the interface between the land of the drainage basin and the open
waters of the lake (see FHgure 1). The size of the littoral zone in relation to the size of the
peiagial region varies greatly among lakes, and depends on the geomorphology of the basin and
the rates of sedimentation that have occurred since the inception of the lake. The littoral region
of small, shallow lakes contributes significantly to productivity and may regulate metabolism of
the entire lake ecosystem (Wetzel 1993).

King (1991) noted that there was sparse littoral development within Lough Gill. Of the lakes'
surface area (1400 hectares), he found that a littoral zone less than 3 meters deep accounted for
224 hectares (16%0). 182 ha (13%o) of the lake bed has a depth of 3 to 6 meters with a
remaining 994ha (71%0) below this. If a littoral zone is associated with light penetration, and the
depth and distance from shore that primary productivity occurs at, King may have overestimated
the area around Lough GlIl. The Lough @ll Project found that water transparency had a range of
1.0 -2.0 meters. This would suggest a smaller littoral ribbon around the lake.

As stated earlier, there is steep in-lake topography. While under-water cliffs are found close to
the southern shores, the majority of the lakes littoral zone is in limestone bays to the north.
These few areas that do occur are quite sheltered. This limited littoral development affects
wildlife habitats.

12



Figure 1: Cross section of a lake shoreline showing zonation. Included is the zonation of
the littoral zone and limnetic zone with its associated profundal zonation of the
lake bed.
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1.3.3 Ecology of Lough Gill

1.3.3.1 Algal ecology

During the late summer of 1953 Round and Brook (1959) carried out an assessment of
the trophic status of some Irish loughs. Asingle sample of littoral plankton was taken
from Lough Gill. Round and Brook found the lake to be quite eutrophic. Fraguaria
crotonensis (Kitton) was the dominant phytoplankton taxa found. Of the twenty algal
species identified fromthe Lough Gl sample the lake was noteworthy for being the only
one of 26 sampled to have no Desmids present (Brook 1958).

About the same time Round (1959) took a sediment sample from Lough Gl as part of a
comparative survey of the epipelic diatoms in 26 Irish lakes. It is unclear where the
sample was taken from but it is assumed it must have been from the littoral photolitic
zone of the lake. As far as the author was aware no comparable data had been obtained
from Lough Gll or any of the other lakes investigated prior to his own study. 47
attached diatom species were identified from the Lough Gll sample. The dominant
diatom species in the calcareous classified Lough Gll was Fraguaria species and
Cocconeisplacentula (Ehr.).

Flanagan and Toner (1975) found fromthe phytoplankton population of Lough Gll that
the mgjority of the genera recorded, with the exception of desmids present in the June
sample, corresponded with those listed by Round and Brook {op. cit.). This would
Indicate little change over the intervening years. However FHlanagan and Toner noted
that there had been reports of algal blooms on the lake in the pervious two years but
found no evidence of such during the course of their survey. It was stated that the
phytoplankton community present would probably indicate a naturally eutrophic system.
It was felt that a more detailed study of the lough was required to clarify the position
and to determine the cause and effects of the reported algal bloons.

Wbrk carried out by the Central Fisheries Board, to determine the effects of The Bonet
River Drainage Scheme, found the algal crop for 1989 was dominated by diatoms

(Bacillariophyta) and cryptophytes with small amounts of blue/green (Cyanophyta) and
green (Chlorophyta) algae, which included some desmids (King 1991). King found that
the algal composition of Lough Glll was similar to that observed by Flanagan and Toner
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{op. cit.). Inthe same report it was suggested that overall lake productivity was of a
mesotrophic status. Lowwater clarity was a result of high colour values and not high
primary productivity. King stated that no change inthe trophic status of Lough Gll had
occurred in recent years either as a result of the Bonet drainage scheme or through any
other changes within the catchment.

Previous to the initiation of the Lough Gl Environmental Management Project, Cotton
(1994 unpublished) had reviewed the ecology of the lake and its surroundings. He drew
on a number of sources for information. Apart from his own field records from lake visits
during previous years, he comprehensively reviewed published literature and sourced
other unpublished reports and data. The Lough Gll Environmental Management Project
went further intrying to obtain and collate al scientific work and informeation carried out
on the lake and its catchment. This program provided the first long-term detailed study
of the lake. Previous to this most work carried out was from brief visits by interested
parties with only quick short-term observations.

The Management Project carried out detailed monitoring of the phytoplankton in the
Lough @Gll waterbody between May and October 1997. Results indicated a wide variation
in free-floating algae both spatially and temporally. The mid-lake sites were dominated
by diatoms during May 1997. Of those identified the centric algae, Cyclotella and
Stephanodiscus, along with the filamentous Melosira and the colonial pennates
Asterionella and Fragilaria dominated the waterbody during May 1997. As the summer
progressed, blue-green algae assumed dominance during July. Their numbers decreased
in the following two months before a further blue-green pulse occurred in early October.

Of the six stations monitored all followed a similar pattern, graduating from diatom
dominance in May to a significant blue-green presence from June to early October 1997
when the diatoms became the dominant species in a reduced phytoplankton population.
The Lough Gll Environmental Management Project noted an algal scum on the lake in
late summer and early autumn which was largely attributed to the colonial blue-green
forms Microcystis, Gomphosphaeria, Coelosphaerium and Aphanocapsa (see Plate 4).
Mean chlorophyll levels in the lake during this period are indicative of mesotrophic
conditions (in accordance with CECD trophic category criteria). However the large
volumes of blue-green algae and the associated scum on the water surface are indicative
of nutrient rich waters.
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1.3.3.2 Macrophyte ecology

King (1991) indiscussing primary production within Lough Gl suggested that in littoral
and shoreline areas the process was dominated by macrophytes and they were indicative
of a relatively unenriched system. Littorella uniflora was found to be the most prominent
submerged plant (see Plate 3). This macrophyte grows in soft sands and on
gravelled/sandy sediments and, notably, it Is found to be decreasing in lomands (Stace
1995). It typically grows in shallow waters at lake edges but often on exposed shores at
depths down to 4 meters. Littorella can be found as emergent, exposed plants in places
where surface waters fall during summer months. Fromthe limited work by King the
highest biomass levels were obtained from exposed sites. He made no mention in his
work to the contribution of littoral attached algae in the net primary productivity of the

Lough Gll system.

Of the work carried out by Cotton (1994) areas of interest regarding this study include
algae and submerged aquatic macrophytes, Gastropoda and other macroinvertebrates.
Ofthese, Cotton noted that there is very limited emergent macrophyte development in
the littoral zone. This he attributed to the rapid increase in the depth of the lake around
most margins. The most common submerged macrophyte found was Littnrella uniflora
that carpets the littoral/sub-littoral, and was noteworthy for abundance.

The algae Cladophora aegagropHa (L.), forming rounded masses called ‘moor balls', has
been noted in Lough Gl (Carmpbell and Scannell 1989). A large quantity of decaying
algal balls collected inthe autumn of 1995 on the western shores of the lake around
Annagh Bay following prolonged easterly winds (Feeney 1996).

1.3.3.3 Macroinvertebrate ecology

Abiological monitoring programme was carried out on a bi-annual basis during the
spring and summer of 1996 and 1997. This took in the lake body, the River Bonet and
the lakes smaller feeder streams. Chasen sites were given a Q Index value of between 1
and 5 based on the species diversity and abundance. This is inline with the method used
by the EPA These were finally categorised into four water quality classes ranging from
Unpolluted, Slightly Polluted, Moderately Polluted and Seriously Polluted. Sites along the
River Bonet were classified as Unpolluted however a number of stations were bordering
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on Slightly Polluted. Of the eight other feeder streams surveyed the Holy Vel in
Tobernalt was found to be Slightly Polluted. Al other streams were unpolluted.

Twelve sites were chosen around the littoral zone of Lough Gl for biological monitoring
during the autumn of 1996. Crustacea, of which Gammarus duebeni{\j\]eb6rq) was the
most commonly recorded, numerically dominated the results. Ase/lus aquaticus (L)
occurred in small numbers at many of the sites. Potamopyrgusjenkinsi{Smxh) and
Lymnaea peregra (MuUIl.) occurred in large numbers along the western and north-western
shores of the lake. PlanorbisplanorbisUm. was also found in this area. The majority of
molluscs were recorded from the western end of the lake. Here the limestone geology
and sheltered bays provide the best habitat for the Mollusca. Species richness was
highest in Toberconnell Bay and Aghamore Bay and lowest at Parkes' Castle during
autumn 1996.

Overall, the Lough Gll Environmental Management Project found that the lake had a
poor invertebrate fauna. The western half of the lake provided the best habitats.
However, the small littoral zone of the lough is a major contributing factor to this poor
invertebrate status. Many of the shores are steep sided and are exposed meking them a
very harsh environment for any invertebrate. During the 1996 survey species diversity
was low and species numbers were high. Fromthe collections made during this period
the lake was classified as being mesotrophic.
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1.3.4 Lough Gill water quality

The Bonet River drainage scheme was ongoing between 1982 and 1992, whereupon 84% of the
original work was carried out. The majority of the work was completed by 1989 and no damage
to fish stocks or habitats occurred after this date. As part of the study carried out by the Central
Fisheries Board, investigating the impact of the scheme, Murray and Lynch (1990) found the lake
had been continually accumulating organic matter. Siltation levels appeared to increase as a
result of accelerated drainage inthe Bonet catchment. Unfortunately no work was carried out in
the littoral zone but the available evidence from sediment cores depicted a lake undergoing
eutrophication at a moderate rate. Aslight increase in the organic content of the sediments of
the profundal zone was the primary evidence for this conclusion.

After the Bonet drainage scheme interest in Lough Gll and its water quality increased
dramatically. Monitoring of the lake by the Regional Water Laboratory, Castlebar for Sligo County
Council occurred intermittently in the proceeding years (Mrs. Eileen Gibbons, Environmental
Officer, Sligo Co. Co., pers. comm.). Samples were usually taken inspring to late summer.
During the exceptionally good summer of 1995 the North \estern Regional Fisheries Board found
the formation of a stratification within the Lough Gl waterbody (Sheil 1995). Wbrk carried out
on two deep-water sites at the end of August revealed a thermocline at a depth of 6 to 10
meters. This was quite pronounced at the site near Goats Island. This is a feature not
previously noted in Lough Gll and can only be accounted for by the long period of calm, hot
weather that occurred during this year. In her report Sheil observed no major algal blooms even
after overturn of the lake at the end of August. Ashort falling in this work is the sampling of the
lake on only one date during this period of remarkable calm weather.

Intensive chemical monitoring of the Lough Gll surface waters took place between 1995 and
1997 as part of the Lough Gll Environmental Management Project. This consisted of nine
sampling stations on the lake water body, two of which were again the mid-lake sites. Samples
were taken once a month. In conjunction with this, stations were also established on the River
Bonet (the main inflow to the lake) and eight smaller feeder streams around the lake. Sampling
of the feeder streams took place in the second half of the monitoring programme.

The water quality of the Bonet was found to be within the desired BU Salmonid Water

Regulations (SI No. 293 of 1988). Of note were the high levels of natural watercolour and the 3-
4 fold increase in median phosphate levels between sample stations along the river from source
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to mouth. Colour values reflect the presence of organic molecules derived from vegetable matter
such as peat, leaves, branches, etc.

Eight feeder streams were monitored. The water quality in these streams after heavy rains was
of great interest. bGarrigle (1993) noted a sharp decline in quality of streams around Lough
Conn after periods of heavy rain. Around Lough Gl higher levels of total oxidised nitrogen were
recorded during the winter months. This is the period of the year which coincides with elevated
levels of rainfall. This would indicate increased run-off from agricultural land. The spring at the
Holy W&l in Tobernalt was found to be moderately polluted with the highest recorded phosphate
and total oxidised nitrogen levels of all sampling stations. These two parameters combined
indicate septic tank or agricultural contamination of the groundwater, or both.

The waters of Lough Gl were strongly coloured on al occasions examined, with lower values
occurring inthe summer months when rainfall levels were low. The median values of water
transparency were generally in the range of 1.0 to 2.0 meters, with higher values occurring in the
summer months when calm, dry weather prevailed. The suspended solids levels followed a
similar pattern to the water transparency with poor values occurring in the eastern end of the
lake, when sampling coincided with periods of heavy rainfall.

Phosphate measured as molybdate reactive phosphate (MRP) showed a strong seasonal trend
with maximum values occurring in the period November to March. This was followed by a sharp
decline in April to the minimum values, which were maintained throughout the summer months.
The Lough Gl Project noted that the trend reflected the seasonal pattern of increased run-off
during the winter months, followed by rapid uptake of phosphorus by plants and algae during the
spring period. Maximum values of total oxidised nitrogen also occurred after periods of heavy
rainfall. The mean total phosphorus for the autumn-winter period would classify Lough Gll to be
inthe upper end of the mesotrophic range, according to the OECD lake classification scheme. As
this figure does not include the summer levels of total phosphorus, the annual mean value would
be much lower.

From the intensive nutrient monitoring of the Lough Gl catchment the lake was classified, by the
CECD classification scheme, as being in a mesotrophic state containing moderate nutrient
concentrations. However of grave consequence were the results of sediment core analysis taken
fromtwo mid-lake sites. Murray (1998) stated in his report that *'the results obtained inthe two
cores examined suggest that primary productivity in Lough Gll is increasing as evident by
increasing sediment pigment content and an increase in sediment phosphorus. It is suggested
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that phosphorus may be entering the lake bound with Magnesium (Mg) or Calcium (Ca) and
accumulating in sediments™. Biological monitoring of Lough Gl would appear to also point
towards a more eutrophic waterbody. \\brk such as this compounds the difficulty of relying
totally on chemical data and reinforces a joint chemical and biological approach to water
monitoring. The role of this brown material inthe nutrient status of the lake was unknown. Its
occurrence in the littoral zone was equally cause for concern as enrichment of the Lough Conn
waterbody was first noted around the shoreline prior to the whole lake becoming eutrophic. The
implementation of a programme to monitor the growth of this substance around the littoral zone
of Lough Gll may provide a better understanding of the eutrophication process. It may also
provide a means of early evaluation in the enrichment of a waterbody.
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2.0 Literature Review



2.1 Attached material found in littoral zone of lakes

2.1.1 Classification of materials

Alake may be separated into the open water limnetic zone and the littoral zone. The latter term
consists of the bottom of the lake basin colonised by macrovegetation that is within the photic
zone of the water body (see FHgure 1). This shoreline area of a waterbody will also support large
communities of aquatic flora and fauna. The abundance of life within this zone is not only a
result of available light but also a high degree of oxygen saturation and the elevated nutrient
levels associated with a land-water interface. This area allows a very complex food web to
flourish. Various terms have been applied to groups of organisms living within the littoral zone.
These terms can depend on whether the organism is attached or suspended in the water colunn
and, if attached, the substrate it is anchored to can again be used to classify the life form

Of the communities in the littoral zone food web, investigation into microbial producers has
focused largely on phytoplankton. However a large proportion of the bottom area of most lakes
receives light to support photosynthesis. Investigations into attached microbial producers in this
area have been largely ignored (Lowe 1996). Within the littoral zone a conglomeration of such
organisms on inorganic and organic materials have been brought together under the one term;
periphyton. Although photosynthesising algae dominate the community structure, it is far more
complex containing different microbial taxa from within the food chain.

Periphyton as defined by Wetzel (1983b) is understood to be a complex community of
microbiota; algae, bacteria, fungi, protozoa and organic and inorganic detritus that is attached to
submerged substrata. The substrata which it is attached to can be organic or inorganic (living or
dead). The term aufwuchs, which is German meaning *'to grow upon'’, is often used in older
literature. Periphyton is a more commonly used term that refers to all microflora on submerged
substrata.

"Periphyton’ is more or less synonymous with the term "benthic algae’, where benthos refers to

organisms living on the bottom of a waterbody or associated with any solid or semi-solid
substrate (Stevenson etai. 1996). The majority of work carried out on periphyton exclusively
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refers to this attached benthic algae. This may be due to the fact that algae dominate the
periphyton mat (\elch 1992).

Most benthic algae in freshwater ecosystems are blue-green bacteria (Cyanophyta), green algae
(Cnlorophyta), diatoms (Bacillariophyta) or red algae (Rhodophyta). These have a great
morphological diversity with unicellular, colonial and filamentous forms. The divisions of algae
are distinguished by a variety of chemical and morphological differences. There are motile and
non-motile species within the above phyla, with motility provided by flagella, sheaths of mucilage
or a raphe (where mucilage is extruded through a narrow opening in the cell wall). Non-motile
algae may be attached to the substrate or entangled in the matrix of other organisms that are
attached. Attachment method varies with species and can be by means of basal cells,
mucilaginous secretions or in the case of diatoms the use of special cells, stalks or tubes (see
Reisser 1992).

Benthic algae found in the photic zones of lakes may by classified according to the substratum
type upon which they are found (see Fgure 2). Epilithicdgaz grow on hard, inert substrates
such as gravel, stones, cobbles etc. Epiphytic algae are found on plants and larger algae, which
can provide a great source of nutrients. Epipsammicalgae grow on hard sand that is relatively
inert. The substrate can sometime be smaller than all but the smallest cell. Epipeiicspecies,
characteristically large motile diatoms, grow on organic and/or inorganic clay sediments.

Hrally, metaphyton are the algae of the photic zone that are not directly attached to substrata,
nor are they freely suspended in the water column. These communities originate from
fragmentation of attached populations (Dodds and Gudder 1992) or occasionally from dense
phytoplankton. These can aggregate together becoming clumped and loosely attached in littoral
areas. This can be the result of wind induced movement of populations on submerged surfaces.
They can form dense microbial rafts with intense intermal nutrient recycling (Stevenson and
Stoermer 1982). The collective metabolism of metaphyton can increase macrophyte reed decline
(Von Roland Schroder 1987 and Ostendorp 1992) and radically alter the nutrient cycling of littoral
zones upon being driven into the shore wash (Wetzel 1996).
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