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Summary

Algae form an important component of aquatic ecosystems and diatoms are probably the most widespread and abundant of all groups of benthic algae. Diatoms (Bacillariophyta) are unicellular and unique amongst photosynthetic organisms in having a rigid siliceous wall (frustule) around the cytoplasm. They are classified to species level primarily on the basis of symmetry and ornamentation of the frustule. In many European countries and North America, diatoms have been used successfully as indicators of eutrophication in rivers. Few studies have investigated the composition of epilithic diatom assemblages in Irish rivers (Foged 1977, Heuff and Horkan 1984, and Ní Chatháin 2002). This project aimed to address this deficiency by investigating the composition and distribution of epilithic diatom assemblages in lowland base-rich rivers in Ireland. Twenty-five lowland rivers were sampled in August and September 2002. Reference Naphrax® -mounted slide collections of diatoms were prepared from each of the rivers sampled. 

Seventy-one diatom species were identified from the 25 lowland rivers sampled.  The number of species identified per river ranged between 17 and 32 and these numbers can be considered as generally high and also comparable with other studies in Ireland, Britain and Europe. All rivers were characterized by a small number of species that became abundant, and a large number of species that occurred occasionally or on one occasion only. This is a well-known characteristic of diatom assemblages and algal communities in general. Only 22 species (31%) were identified from ten or more rivers investigated, and only 16 species (22.5%) were identified from 15 or more rivers investigated. Several species occurred in a large number of the river samples and dominated these assemblages. These species include, Amphora pediculus, Achnanthes minutissima, Cocconeis placentula, Gomphonema minutum, Navicula tripunctata, and Rhoicosphenia abbreviata. The majority of the species identified were epilithic species. Some species however, are common on silt-covered stones, particularly in lowland streams (e.g. Navicula tripunctata and Navicula lanceolata), and some are epiphytic species, common on Cladophora glomerata filaments (e.g. Cocconeis placentula and Rhoicosphenia abbreviata).  

Detrended correspondence analysis of diatom species distribution showed that there were discontinuities in distribution of even common diatom species between the rivers. A group of six rivers (Nenagh R., King’s R. (Kilkenny), Dinin,  Erkina, Anner and Multeen) were found to have diatom assemblages which differed significantly in composition to most of the other rivers sampled. Applying the Trophic Diatom Index (a measure of trophic status of the river based on diatom diversity) to the data indicated that all rivers showed some signs of nutrient enrichment and some (e.g. Boyne, Camlin, Erkina, Maigue, Mulcair) showed marked signs of  eutrophication. 

Introduction

Diatoms (Fig. 4) are microalgae of marine and freshwater environments and comprise 285 genera (Round et al., 1990) with between 10000-12000 recognized species (Norton et al., 1996). They are abundant in freshwaters where they are among the most important aquatic photosynthesizers (Graham and Wilcox, 2000).  Diatoms have an extensive fossil record going back to the Cretaceous; some rocks are formed almost entirely of fossil diatoms, and are known as diatomite or diatomaceous earth.  

Diatoms occur as single cells or chains of cells, and there are some filamentous forms.  In some species, the cells can be as large as 1 millimeter in diameter, although most are much smaller.  In lakes and seas, planktonic forms are predominant while in rivers, benthic forms predominate. There are two basic types of cell morphology: elongated forms called pennate diatoms which are most often found in freshwaters, and centric diatoms which are circular, triangular, or irregular in shape and are most abundant in the ocean.  The hemicellulose cell wall of a typical diatom is heavily impregnated of silica and is composed of two interlocking halves known as frustules, which fit together, one of top of the other, like the two parts of a pillbox.  Diatom frustules are generally highly ornamented, with variations in this ornamentation reflecting taxonomic diversity (Graham and Wilcox, 2000). The top of the frustule, the epitheca, is perforated with many holes, arranged in a pattern characteristic of the species.  The holes permit the cell's plasma membrane to maintain close contact with the environment, and allows for the diffusion of materials into and out of the cell. Numerous pores also reduce the weight of the floating diatom.  Some diatoms also have longitudinal slots in the wall of the base, or hypotheca, through which the cell can make contact with solid surfaces.  Such contact usually evokes a gliding ‘snail-like’ movement of unknown mechanism. This motility is regarded as a means by which diatoms may avoid local nutrient limitation and shading (Graham and Wilcox, 2000).  Diatoms contain chlorophyll a and c, and most have accessory xanthophylls such as fucoxanthin, which confer an olive-green to brownish colour on the cells.  Diatoms reproduce through cell division-one cell divides into two cells. After a diatom cell divides each new cell retains one frustule of the parent cell and builds a new frustule to fit into it. 

Diversity and ecology of diatoms in Irish rivers

There is very little published information on the diversity of diatoms in Irish freshwaters and what exists mainly concerns diatoms in Irish lakes (e.g. Bowman 1985, Dalton 2002).  The only intensive study of river diatoms has been carried out on the R. Deel, Co. Limerick (Ní Chatháin, 2002).  In river systems, diatoms form extensive colonies on boulders and smaller stones (epilithic diatoms) and are grazed upon by freshwater invertebrates.  Individual diatom cells are attached to the rock surface by gelatinous stalks.  The greatest diversity of diatoms are found in unshaded, shallow, fast-flowing riffles with extensive areas of cobble-sized stones. Attached or benthic diatoms are also found in the interstices of sandy substrates (epipelic diatoms) and as epiphytes on aquatic macroalgae and macrophytes.  The composition and distribution of the diatom assemblages in a river are the result of environmental conditions within the river.  Diatom species have optima with respect to their tolerance (or preference) for environmental conditions such as nutrients, organic pollution, and pH among other factors, and polluted waters will tend to support an increased abundance of tolerant species (CEN 13946, 2000).  Conversely, certain species are intolerant of elevated levels of one or more pollutants, whilst others can occur in a wide range of water qualities.  Considerable interest has centered on diatoms because these responses may provide information on water quality 

Diatom species are very sensitive to water quality, eutrophication and pollution, and their ecological tolerances are well documented in Europe (Whitton et al., 1991; Whitton and Rott, 1996; Prygiel et al., 1999).  The use of diatoms as indicators of water quality has been widespread in Europe, the U.S. and Japan over the past four decades (Sabater et al., 1987).  The lack of baseline information on diversity and distribution of diatoms in Irish rivers has meant that it has not been possible to use diatoms for water quality assessment in Ireland.  The information deficit needs to be addressed urgently for lowland rivers because eutrophication and other anthropogenic impacts are most severe in this category of rivers (Lucey et al. 1999).  The principal aim of this study is therefore, to survey the diversity of epilithic diatoms in a selection of Irish lowland rivers, the results of which will provide an essential cornerstone for future diatom-based assessments of river water quality in Ireland.  

Project overview

This investigation focused on the diversity of epilithic diatoms only i.e. diatoms which grow on hard, relatively inert substrata such as pebbles, cobbles and boulders. This association has been focused on more often than not for use as part of water quality assessment purposes, and guidance standards for the routine sampling of benthic diatoms for the purposes of the Water Framework Directive (WFD, 2000) have recommended the use of cobbles, pebbles and boulders as the preferred substratum. This report provides results for the investigation of the diversity of the epilithic diatom assemblage in twenty-five Irish lowland rivers.

Methods  

Sampling, pretreatment and enumeration of epilithic diatoms from cobble substrata 

Benthic diatom samples were collected from cobble substrata (epilithic diatoms) in July, August and September 2002. A list of the sites sampled is given in Table 1.  The epilithic diatom assemblage was sampled following recommendations outlined in CEN (2000). Riffle areas within the selected sampling sites were the preferred source of cobble substrata. Cobbles selected were those free from sediments and if possible, from any filamentous algal growths, both of which greatly reduce the diversity of epilithic diatoms. Five cobble samples were collected per site. The epilithic diatom assemblage was then removed from a defined area of each cobble by brushing with a toothbrush. Samples were then pooled for each river. Each sample was digested with 30% H2O2 and potassium dichromate to remove organic matter by oxidation. 

Table 1. List of rivers sampled, site locations and grid references.

	No.
	River
	Site
	Grid Ref

	1
	Aherlow
	Cappa Old. Br.
	R 990 290

	2
	Anner 
	Br. SW Kilusty Castle
	S 250 330

	3
	Ara
	Bansha Br.
	R 975 315

	4
	Boyne upper
	Inchamore Br.
	N 715 500

	5
	Camlin
	Mullagh
	N  120 760

	6
	Canahowna
	At old mill, Gort
	M 450 020

	7
	Clare
	Tuam
	M 410 500

	8
	Dead
	At Dromkeen
	R 740 480

	9
	Deel
	At Raharney
	N 600 530

	10
	Dinin
	Dinin Br.
	S 480 640

	11
	Erkina
	Durrow 
	S 410 770

	12
	Gweestion
	Outside Bohola
	M 340 970

	13
	Kilcolgan
	Kilcolgan
	M 440 185

	14
	Kilmastulla 
	Cool Br.
	R 710 595

	15
	Kings
	Br. N of Stonyford
	S 470 430

	16
	Little Brosna
	Shinrone
	S 080 940

	17
	Maigue
	Br. Near Rosstemple station
	R 540 370

	18
	Mulkear
	Annacoty Br.
	R 640 570

	19
	Multeen
	Ballygriffin Br.
	S 050 405

	20
	Nenagh
	Br. D/s Nenagh Br.
	R 870 820

	21
	Nore
	Old Town
	S 415 840

	22
	Silver
	Kilcormac
	N 180 135

	23
	Sinking
	Miltown
	M 415 635

	24
	Suir
	Golden Br.
	S 010 385

	25
	Tar
	Br. U/s Tar Br.
	S 110 140


The H2O2 was then decanted, and distilled water added, and the contents mixed thoroughly to remove any remaining H2O2. The samples were then centrifuged at 3000 rpm for five minutes and the supernatant decanted. This washing step was repeated five times. The final slurries were placed in labeled 50 ml vials. The slurries were pipetted onto 19 mm circular coverslips (thickness 0) in a series of dilutions per sample. These coverslips were then dried slowly on a warm hotplate and a preliminary check of the density of the diatom valves on the coverslips was made to ensure the sample were not too dense, too dilute, or still contained organic matter or partially digested diatom cell contents. The coverslips were mounted onto glass microscope slides using Naphrax® mounting medium (R.I.= 1.7, Northern Biological Supplies, England). Diatom valves were identified and counted in random fields of view at x 1000 using Nomarski optics until 200 valves per slide were enumerated and identified. A further scan of the slide was also made to ensure all species present were accounted for. Identifications of prepared diatoms were made primarily with the monographs of Krammer and Lange-Bertalot (1986-1991).

Physico-chemical water quality data

At each sampling site/river, temperature, dissolved oxygen, conductivity, total dissolved solids and depth readings were taken by the researcher. Additional physico-chemical data was then obtained from the County Council or EPA laboratory responsible for the individual rivers. This data included information on levels of orthophosphate, nitrates, ammonia, biological oxygen demand and pH.

Results

Species composition

Seventy-one epilithic diatom species were identified from twenty-five lowland Irish rivers sampled in August and September 2002. These species plus authorities are listed in Table 2. No species was common to all twenty-five rivers. Three species were common to twenty-four rivers (Multeen excluded) and they were Achnanthes minutissima (Fig. 4k), Amphora pediculus and Cocconeis placentula (Fig. 4b). Thirty-four percent (24 species) of all species identified were found on one occasion only. These species can be considered as rare in their occurrence. The number of species identified per river is listed in Table 3. An average of 23.5 species were identified per river. The highest number of species was recorded in the R. Tar, with thirty-two species identified. The lowest number of species was recorded in the R. Gweestion with seventeen species.

Table 2. Epilithic diatom species identified from twenty-five Irish lowland rivers.


   Numbers refer to Fig 3. 

	No. 
	Species name

	1
	Achnanthes biasolettiana Grunow

	2
	Achnanthes lanceolata (Brébisson) Grunow

	3
	Achnanthes minutissima Kützing

	4
	Achnanthes oblongella Oestrup

	5
	Achnanthes sp.1

	6
	Amphora montana Krasske

	7
	Amphora pediculus (Kützing) Grunow

	8
	Aulacoseira ambigua (Grunow) Simonsen

	9
	Caloneis bacillum (Grunow) Cleve

	10
	Cocconeis placentula Ehrenberg

	11
	Cocconeis pediculus Ehrenberg

	12
	Cyclotella meneghiana Kützing

	13
	Cyclotella radiosa (Grunow) Lemmermann

	14
	Cymbella aspera (Ehrenberg) Cleve

	15
	Cymbella minuta Hilse

	16
	Cymbella silescia Bleisch

	17
	Cymatopleura solea (Brébisson) W. Smith

	18

19
	Denticula tenuis Kützing

Diatoma ehrenbergii Kützing

	20
	Diatoma tenuis Agardh

	21
	Diatoma vulgaris Bory

	22
	Eunotia arcus Ehrenberg

	23
	Fragilaria capucina Desmazières

	24
	Fragilaria construens (Ehrenberg) Grunow

	25
	Fragilaria capucina var. perminuta (Grun.) Lange-Bertalot

	26
	Fragilaria capucina var. vaucheriae (Kützing) Lange-Bertalot

	27
	Frustulia rhoimboides (Ehrenberg) De Toni

	28
	Gomphonema angustum Agardh

	29
	Gomphonema minutum (Agardh) Agardh

	30
	Gomphonema olivaceum (Hornemann) Brébisson

	31
	Gomphonema parvulum Kützing

	32
	Gyrosigma acuminatum (Kützing) Rabenhorst

	33
	Melosira varians Agardh

	34
	Meridion circulare (Greville) Agardh

	35
	Navicula atomus (Kützing) Grunow

	36
	Navicula bacillum Ehrenberg

	37
	Navicula capitata Ehrenberg

	38
	Navicula capitatoradiata Germain

	39
	Navicula cari Ehrenberg

	40
	Navicula cryptocephala Kützing

	41
	Navicula cryptotenella Lange-Bertalot

	42
	Navicula gregaria Donkin

	43
	Navicula lanceolata (Agardh) Ehrenberg

	44
	Navicula menisculus Schumann

	45
	Navicula minuscula Grunow

	46
	Navicula schoenfeldii Hustedt

	47
	Navicula subminuscula Manguin

	48
	Navicula sp. small 1

	49
	Navicula halophila (Grunow) Cleve

	50
	Navicula subhamulata Grunow

	51

52
	Navicula tripunctata (O.F. Müller) Bory

Navicula veneta Kützing

	53
	Nedium dubium (Ehrenberg) Cleve

	54
	Nitzschia dissipata (Kützing) Grunow

	55
	Nitzschia fonticola Grunow

	56
	Nitzschia palea (Kützing) W. Smith

	57
	Nitzschia perminuta (Grunow) M. Peragallo

	58
	Nitzschia recta Hantzsch

	59
	Navicula sleisvicensis Grunow

	60
	Reimeria(Cymbella)  sinuata Gregory

	61
	Rhoicosphenia abbreviata (Agardh) Lange-Bertalot

	62
	Amphora inariensis Krammer

	63
	Gomphonema affine Kützing

	64
	Unidentified 1

	65
	Fragilaria sp.1

	66
	Fragilaria sp.2

	67
	Surirella sp.

	68
	Stauroneis phoenicenteron (Nitzsch) Ehrenberg

	69
	Surirella angusta Kützing

	70
	Surirella brebissonii Krammer & Lange-Bertalot

	71
	Synedra ulna Ehrenberg


Diatom occurrence and abundance

Figure 1 shows the relationship between diatom occurrence and maximum abundance in the river samples. The majority of the species plotted in the lower left corner and occurred at low abundances in relatively few river samples. However, several species occurred in a large number of the river samples and dominated these assemblages. These species include Amphora pediculus, Achnanthes minutissima, Cocconeis placentula, Gomphonema minutum, Navicula tripunctata, and Rhoicosphenia abbreviata. Some species, although of frequent occurrence, were not very abundant in any sample e.g. Navicula cryptotenella, Navicula lanceolata and Synedra ulna (Fig. 4e). A larger group of less frequent species often reached high maximum abundances in individual rivers e.g. Cocconeis pediculus (Fig. 4c), Caloneis bacillum (Fig. 4f), Nitzschia palea, Navicula gregaria, Achnanthes lanceolata, Fragilaria capucina var. vaucheriae, Gomphonema olivaceum, Cymbella minuta, Synedra ulna and Nitzschia dissipata.  Only 40 species (56.3%) reached an abundance of greater than or equal to 1% abundance in the river samples. Only 22 species (31%) were identified from ten or more rivers investigated, and only 16 species (22.5%) were identified from 15 or more rivers investigated.

Table 3. Number of diatom species identified from each site.

	No.
	River
	Number of species identified

	1
	Aherlow
	24

	2
	Anner
	23

	3
	Ara
	25

	4
	Boyne upper
	24

	5
	Camlin
	25

	6
	Clare
	24

	7
	Dead
	28

	8
	Deel
	25

	9
	Dinin
	22

	10
	Erkina
	23

	11
	Gort
	18

	12
	Gweestion
	17

	13
	Kilcolgan
	20

	14
	Kilmastulla
	20

	15
	Kings
	22

	16
	Little Brosna
	27

	17
	Maigue
	27

	18
	Mulkear
	26

	19
	Multeen
	27

	20
	Nenagh
	21

	21
	Nore
	22

	22
	Silver
	19

	23
	Sinking
	24

	24

25
	Suir

Tar
	24

32
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Species with few occurrences and at times only a single occurrence included species not listed in Fig. 1, e.g. Cymatopleura solea, Denticula tenue, Eunotia arcus, Nedium dubium, Surirella angusta and Navicula veneta amongst others. These species can be considered as rare. 24 species (33.8%) were found in one river only and are therefore considered as rare. 

Detrended correspondence analysis of diatom distribution 
The distribution of diatom species between the sites was examined using detrended correspondence analysis (DCA). The DCA plot in Fig. 2 illustrates relationships between the rivers based on composition of the diatom assemblages. No count could be made for the Cannahowna River (Galway) due to the very sparse presence of diatoms. Two or more points that are close together on the DCA plot will have a similar floristic composition, with many species in common, whereas those far apart will share very few species. Any two points more than three standard deviation (axis) units apart will share no common species (Kent and Coker, 1992). Therefore, the Multeen can be considered as having a dissimilar species composition to that of the rivers Ara and Little Brosna. From Figure 2 the rivers sampled can clearly be seen to differ in their species composition, with for example the upper Boyne plotting to the top right of the plot, the Aherlow, Gweestion, Silver, Sinking, Clare, Camlin, and Dead plotting relatively close together near the top centre of the plot, while the Dinin, Kings, Nenagh, Erkina and Anner rivers all plotted to the bottom centre of the plot. The rivers Nore, Suir, Kilcolgan, Kilmastulla, Deel, Ara and Little Brosna also plotted relatively close together. The rivers Tar, Boyne upper and Multeen in particular have considerably different species compositions as illustrated by their plotting at the outer edges of Figure 2.

Figure 3 illustrates the diatom species plot for these river samples. Each species is illustrated by number (refer to Table 2 for species names). The majority of species can be seen to plot to the centre of the plot in the same position as the rivers Dead, Aherlow, Gweestion, Silver, Sinking, Clare, Camlin, Mulkear and Maigue plotted in Figure 2. This grouping included frequent species and those which also reached high abundance e.g. Achnanthes minutissima (3), Cocconeis placentula (10), Rhoicosphenia abbreviata (61), Navicula lanceolata (43), Navicula gregaria (42), Gomphonema minutum (29) and Nitzschia dissipata (54). In comparison the grouping of species to the bottom of Fig. 3 are more common to the rivers Dinin, Kings, Nenagh, Erkina and Anner and included Amphora pediculus (7), Fragilaria capucina var. vaucheriae (26), Reimeria sinuata (60) and Gomphonema angustum (28). 
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Application of the Trophic Diatom Index (TDI)

The Trophic Diatom Index is a measure of the of the trophic status of river water (predominately dissolved phosphorus concentration) based on the composition of the diatom assemblages (Kelly and Whitton, 1995). This index is computed using a “weighted average” equation and is calculated as follows:





TDI = (WMS x 25) -25 

Where WMS = Weighted Mean Sensitivity, calculated as follows:
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where aj = abundance (proportion) of taxon j in the sample, sj = pollution sensitivity (1-5) of taxon j, and vj = the indicator value (1-3) of species j. 

Values of sensitivity are as follows: 1 = favoured by very low nutrient concentrations; 2 = favoured by low nutrient concentrations; 3 = favoured by intermediate concentrations of nutrients; 4 = favoured by high concentrations of nutrients, and 5 = favoured by very high concentrations of nutrients. The TDI is expressed on a scale from 0 to 100, 100 indicating a very eutrophic site. A second calculation is also included in the TDI and this is the calculation of the percent motile species, which is used as an indication of the reliability of the TDI. This calculation attempts to identify factors other than those related to water quality e.g. current speed, grazing, light availbility etc. that may be influencing the TDI score. The calculation of % motile species is recommended for making broad comparisons between samples which may highlight non-nutrient factors influencing the flora (Kelly et al., 2001). Results of the TDI and % motile species are presented in Table 4. 

Table 4. Results from the calculation of the Trophic Diatom Index and % motile species.

	No.
	River
	TDI
	% Motile species

	1
	Aherlow
	65.3
	12.9

	2
	Anner
	73.6
	5.0

	3
	Ara
	52.4
	26.8

	4
	Boyne upper
	73.6
	18.7

	5
	Camlin
	82.4
	13.1

	6
	Clare
	64.9
	23.3

	7
	Dead
	66.5
	36.9

	8
	Deel
	44.5
	10.9

	9
	Dinin
	56.3
	3.4

	10
	Erkina
	84.7
	3.3

	11
	Gweestion
	54.6
	27.1

	12
	Kilcolgan
	41.2
	4.6

	13
	Kilmastulla
	40.9
	0.9

	14
	Kings
	67.2
	7.7

	15
	Little Brosna
	51.9
	8.1

	16
	Maigue
	80.5
	29.8

	17
	Mulcair
	73.1
	39.8

	18
	Multeen
	67.0
	51.0

	19
	Nenagh
	50.6
	4.5

	20
	Nore
	48.3
	21.7

	21
	Silver
	50.7
	11.2

	22
	Sinking
	70.1
	26.6

	23
	Suir
	51.1
	7.5

	24
	Tar
	54.5
	31.5

	
	
	
	


The TDI scores for the rivers Anner, Boyne upper, Camlin, Erkina, Maigue, Mulkear and Sinking indicate fairly eutrophic river sites. The species influencing the scores for these rivers differed, with the exception of Cocconeis placentula, which reached >10% abundance in all rivers. Amphora pediculus was particularly abundant in the Anner (44%) and the Erkina rivers (66%). Navicula tripunctata reached >10% in the Sinking, Boyne upper and the Camlin. All with the exception of the Mulkear also have reasonably low % motile species indicating that it was predominantly nutrient factors influencing the TDI score. The rivers Deel, Kilcolgan and Kilmastulla had the lowest TDI scores indicating sites of reasonably good quality. 

Discussion

The river samples in general had high species diversity and were characterized by a small number of species that became abundant and a large number of species that occurred occasionally or on one occasion only. This pattern of abundance has also been documented in a number of diatom river studies (Van Dam 1982, Round 1993, Kelly et al. 1995, Allott and Flower 1997, Goldsmith 2000, and Ní Chatháin 2002), and the majority of papers report 1-5 species dominant at any one site. The number of species identified per river ranged between 17 and 32. This number is lower than the number of species per sample recorded from the R. Deel, Co. Limerick (Ní Chatháin 2002). The R. Deel had typically between 19 and 44 species per diatom sample analyzed.  The difference may have been due to the unusual weather conditions of summer 2002. Above average rainfall in June and July gave rise to flood conditions in rivers in early summer 2002, which may have had a short-term negative impact on diatom diversity.

In this study, only 40 species (56.3%) reached an abundance of greater than or equal to 1% abundance in the river samples. Only 22 species (31%) were identified from ten or more rivers investigated, and only 16 species (22.5%) were identified from 15 or more rivers investigated. This has also been found in other studies e.g. in Britain, for example Kelly et al. (1995) in a comparative study on diatom indices found that of the 150 species found in the 70 samples of the study, only 26 species were found in ten or more samples, and only thirteen species in 30 or more samples. 

The actual number of species identified in this study (71 species) is lower than the number (103) identified from the R. Deel, Co. Limerick (Ní Chatháin, 2002). The difference, which is quite substantial, is likely due to repeated multi-seasonal sampling in the R. Deel study. Rott et al. (1998) identified 138 species from the Grand River, Ontario over a five-month period. Moore (1976) identified 93 diatom species from the R. Avon in southern England; Moore (1977) identified 117 diatom species in a eutrophic tributary of the R. Wylye in southern England; Cox (1990) identified over 150 species from a small softwater stream in West Germany; and Sabater and Sabater (1988) identified 125 species from the R. Ter in Spain. Again, these were all long-term studies as opposed to the once-off sampling involved in the investigation of lowland rivers in this project. 

The majority of the species identified are components of the epilithon, however some are common on silt covered stones, particularly in lowland streams (e.g. Navicula tripunctata and Navicula lanceolata), and some are epiphytic species common on Cladophora glomerata filaments (e.g. Cocconeis placentula and Rhoicosphenia abbreviata). The common species in the dataset have also commonly been found in other studies of epilithic diatoms in Ireland, Europe and Canada (e.g. Ní Chatháin 2002, Kelly and Whitton 1995, Rott et. al. 1998, Sabater et al. 1987, Sabater et al. 1988). The species Achnanthes minutissima in particular is present in the majority of epilithic diatom river studies in Ireland, Britain, Europe, Canada and the US (Ní Chatháin 2002, Sabater et. al. 1988, Tomas and Sabater 1985, Cox 1990, Dixit and Smol 1994, Pan et al. 1996, and Rott et al. 1998). This species has a widespread distribution in circumneutral rivers and can be found growing attached to rocks and plants, particularly in fast flowing well aerated streams (Kelly, 2000). 

Another common species identified is Amphora pediculus and this species is found on various substrates in streams, including rocks, sand, and attached to other algae. A. pediculus tends to like eutrophic rivers free from significant organic pollution where it is found alongside species such as Diatoma vulgaris (Fig. 4n), Navicula tripunctata and Nitzschia dissipata. It is an alkaliphilous species and prefers eutrophic to mesotrophic conditions (Telford, 2002). Cocconeis placentula was another common and often abundant component of the diatom flora from the lowland rivers investigated. This species is a well-known epiphtye (grows attached to plants) of green alga Cladophora glomerata in rivers but is also found growing abundantly on rocks. It is an abundant species across a wide range of chemical conditions (Kelly, 2000), and is also alkaliphilous and prefers eutrophic to mesotrophic conditions (Telford, 2002). 

Other common, and often abundant species in this study included Navicula cryptotenella, Gomphonema minutum, Navicula lanceolata, Navicula tripunctata, and Rhoicosphenia abbreviata. Navicula cryptotenella, although strictly part of the silt flora, is also common on rocks in lowland rivers, particularly in hard water areas (Kelly, 2000). Navicula lanceolata and Navicula tripunctata, commonly found as part of the silt flora, are common species on rocks particularly in lowland streams across a wide range of water qualities (Kelly, 2000). Rhoicosphenia abbreviata is found primarily as an epiphyte on submerged plants, particularly Cladophora glomerata and has a very wide distribution.
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Fig. 1. Scatterplot of diatom occurrence and maximum abundance for the 25 lowland Irish rivers sampled.
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Fig. 2. DCA plot for 24 rivers sampled. (Cannahowna river not included.)
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Fig. 3. DCA plot for the 71 species identified from 24 lowland Irish rivers (no data for the Cannahowna river). For names of species refer to Table 2.
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Fig. 4. a- Fragilaria construens; b- Cocconeis placentula; c-Cocconeis pediculus; d-Cocconeis placentula; e-Synedra ulna; f -Caloneis bacillum; g-Amphora inariensis; h Stauroneis phoenicenteron; i-Navicula reinhardti; j-Cymbella sp.; k-Achnanthes minutissima; l-Cymbella minuta; m Gomphonema sp.; n-Diatoma vulgaris; o Cyclotella meneghiana.
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