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Ahateract

Fathymetries of 17 previously unsurveved lochs  and computer
mathads for mapping  and calculating morphometric parametars
arg desoribed. Deposited sea salt is  shown to bhave & major
wifect, that varies according *to distance from the west
noast on watmr  guality in these  lochs. The ecological
significance of water gquality variation is assessed by diatom
anslyveis of surface sediment from esach site. Multi-variate
mathods of diatom community analysis indicate that the sites
can he classified into five groups and that water
conductivity and pH are the main determinants of  diatom

assenblage speoies composition.



INTRODUCTION,

Freshwaters Inlg) the Outer Hebrides isiands of western
Brotland have received scant attention from limnologists.
Thie is particularly so for  the island of SBouth Uist, one of
the +ew locelities omitted from the extensive baethymetric
survaey of Scottish {freshwater lochs carried out by Murray and
Fullar {1910}, Mevertheless, South Ulst lochs arg  of
particular interest for at lsast two reasons. First, the
Tuter Hebrides are included in an EEC sponsored integrated
Developement FProgramme (IDF) for the Scottish Western Isies
{aes Hanbury, 15784} and  planned agricultural improvements
such #as hetter land drainages  and increased g o
manufactured fertilizers ocould have detrimental effects on
the isiand’'s freshwater resources. Second, since frequent
westerly storms distribute sea salt over the entire island,
South Uist loohs pffer  the possibility of asseseing the
gffect of variation in deposited salt on water gualty and
it soological significance in @ geographically restricted
area. Obther woportant factors thought to atfect water

auality o the island are acid humic drainage water from



gutensive blanket opeats and leaching of fertilizers from

agriculitural land.

Hathymetric data for South Uist are currently pertinent as
proposed  and  already implemented drainege operations could
cause a lowering of the water table detrimentally affecting
wetlands and shallow lochs, particularly those in the western
machair fringe { a thinly vegetated ecologically sensitive

% ard dune svystem, cf. Jaatinen 1957, Richie 1979, Hambrey
1984}, Measurement o calculation of morphometric
characteristics =uch a8 area, volume, and depth, of a
selection of these loche showuld not only provide empirical
data but possibly aid the formulation of management plans for

conservation and preservation of the wetlands.

The ecnlcgicai significance of water guality variation in
South Uist lochs can be sssessed inter alias by examining
the distribution and sbundance of diatoms. Diatoms are
siliceous algee common in fresh and brackish water lakes
that, at the species level, are good indicators of water
acidity (cf. Hustedt 1937-39, Merilainen 19467), salinity (cf.
Kaolbe 1927, Hustedt 1957) arid gutraophication (Flatt
Bradbury 1973, Battarbee 1978}, Im this paper the surfsce

spdiment diatom assemblsages of seventeen lochs are related

£



to water guality and drainage basin charatteristics and we
attempt & natural classification of the sample sites., The
relationship between the distribution of diastoms eand water
guality is eramined using multi-variate methods of plant

community analvsis (Hill 1979).

Flanmned development of South Uist and other islands of the
Duter Hedrides stimulated environmental concern in the 1970's
and resulted in a series of papere on the region including
descriptions of the aguatic macrophvytes (Spence st al. 1979,
Royal Hotanic Gardens, 19873, aguatic invertebrates
(haterston & Lyster 1979 and of inland water chemistry
(Waterston et al. 1979}, There is however only one published
account  of the disteribution of algae (mainly phvytoplanbkton?
in South Uigst Freshwaters made over 30 vears ago by Lind

(L9530 .

SITES DESCRIFTIONE.

The Atlantic island of South Uist 1isg 22km by  13Zkm and is
situated some &8km from the west coast of mainland Scotland
im the Outer Hebrides archipelago. It superiences a wet and
cool climate with freguent strong winds from  the west and
southwest, The geology of the idsland is dominated by

resistant silicecus Archasan rocks of meainly Lewisian gneiss



that are uWUplifted along the sastern side of the island to
tarm rugged hills up te 500m in altitude (Fig 1). The western
slopes of these hills extend inta the central lowlands or
‘mlacklands’ and merge with the machair along the west coast
{(see Jaatinen 1937 Jor fuller descriptions of land tvpe and
umed . The upland and central lowland soile are composed
almost entirely of bilanket peat usually overlving cosrse
glacial drift deposits or gneiss bedrock. The peat may be
several metres deep on the less stesep slopes in the eastern
hills but according to Jaatinen (1987 erxtensive peat
cutting inm the lowlands has produced the wnoroductive
‘mlacklends ', an area characterized by thin sandy pesat with
many boulders and hedrock exposuf&m, The west coast is
typified by & vegetated dune system or machair where good
drairage has enabled subsistence agriculture to be practised
on large areas of the shell-rich sandy soils, probably since

pre-historical times (cf. Dickinson & Randall 1979).

Freshwater lochs are abundant on Sguth Ulist and can be
broadly grouped into wupland, blackliand and machair lochs
according to  location. Lochs in the two latter areas are
surerounded mainly by agricultural land, the upland
lachs however have gopen moorland catchmente managed for sheep
grazing by buwrning. FMost of the bleckland and &1l of the

machair loche are maintained by ground water and are often
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intarconnected, &g making description of the effective
individual loch catehments virtually impossibla. In
collaboration with the Nature Conservancy Councll we zelected
a range of seventeen sites Jfor investigation, including

upland, blacklend and machair lochs (Table 1).

FIELD METHODE

The seventeen lochs (Fig., 1) were visited in May 1987 and
survey methods entalled making several fraverses across &
ioch in an inflatable boat usimg 2 graphical echo-sounder to
record depths. Depth ftransecis were located by reference to
ganily identifiable map features such as inflows and
promontories. In several of the very shallow machalr lochs
howsver , depths were simply measiured uwsing & graduasted pole.
In addition fto the bathymetric survey, Secchi disc depths
were determined where possible and water gamples were
collected for pH and conductivity measurements in the field
arnd  for further analvesls in the laboratory. SBurface sediment
samples for diatom analysis were collected from the deepest

point 1n each loch using & emall Ekman grahb.

LABORATORY METHODS

Water samples selected for gix contrasting sites were



analyvsed +or maior cations and anioans using standsed
spectrophotometric methods. Burface sediment samples for
diatom analvsis were cleasned using 204 hydrogen pesroxide
followesd by concentrated hydrochloric acid and mounted on
nlass coverslips in Mikrops for microscogpical erxamination.
The specimens were identified at =130C¢ magnification and

about 300 valves counted for each sample .

Gontour maps and estimatez of loch suwrface area and volume
WE" € oroduced  using both proprietary mapping anftware
(MAPLCE 1985) and custom programse.  Loch outlines were taken
fram 1310000 maps and enlarged to & suitable scale. The
putlines were superimposed on the surveyved depths and the
follawing data were digitized for each site, loch outiine
detail, outlines of imlands (if present), and surveyed depths
irnciluding & sample of points from loch ocutlines recorded as

zevo depth.

The MARICS (1585 graphicsg system produces high guality
bathymetric contour  maps of the ioch basins from
height-gradient grids interpolated +from the surveyed depths
and loch/island outlines. Contour maps wers drawn  using a
Hewlett-Fackard vector plotter. Surface AU RAD ware

eshimated using & custom program beased on a GAG (Geography



Table 2. Morphometric characteristice of the seventesn South
Uist sample lochs, a8 gempled May 1983, Sites are numbered

according to Takle L.

o ng€i§?mﬁ | MEA?WiﬁpTB Sﬁfigfa ARTA v?igfg igiiggzgiigé:
} (

i. 1.50 T1.12 5262.7 3852.3 1.352
0.60 0.4z 28600.0 56470 5.065

3. 0.50 0.32 23816.1 35L2.,0 £.724
I 160 0.73 109LAS3 8 L6921 .7 2.333
5 1.20 0.52 320856.6 61163.3 5,246
& 2.00 0.99 81252 .0 2L182,9 1.29z
7 0.80 0.55 13552.0 bogh 2 2.71h
8 0.35 0.10 TThez .3 11163.2 &.9h2
g 2.30 0.63 256916.5 88850.8 2,605
10 1.h0 O.7h LB152.0 120616.2 2.721
11. 5.00 2.17 325611k 37TTHER. 3 0.863
z 5,00 1.92 326544 7 536042, 9 0. 7kb
3 1.680 1.1k £3702.5 Li767.8 1.525
k. 1.h0 0.5 65765.9 21312.6 3,086
15. 1.10 .73 25232.5 BET76.5 2.908
& 10,50 2.51 151309.1 147202.0 0,960
17 £1.00 5.38 TT131.5 L18793.6 0.184

58,25 2l 56 TGN 1625201 | -
MEAN 1 3.h3 | 1.45 130805 | 107365 -




Algorithms Oroup!? subroutine for calculating polvgon areas.
Volumes were sstimated using an algorithm that auvtomatically
generates triangulations of the depth and outling sample
points and sums the volumes of the individual triangles. This
algorithm generates an  optimal triangulation of the data
points {the Delaunay Triangulation) by snauring that
triangles are as sguwlangular anmd eguilateral a3 possible

(Bibson and Green, 1978).

RESULTS

Loch bathymetries.

Bathymetries for the 17 surveved lochs are presented in
Figs. 2 to 5 and basic morphometric parameters of depth
arsa and volume calculated for ssch wite are given im Tabhle
Z« The machalr group of loche, Hallan, Liana Moirses, &ird an
Sgairbk, West Loch Ollay, Ardvule, Cille Bhanian and Duin
Bhig, are all leszs thamn 2.5 deep and have hard sandy
bottoms and  littoral arsas. Exceptions are Ardvule and Duin
HBhig whiech contain soft detrital sediments compossd lgrgaiy
of fibrous macrophyte remaing. The pathymetries of the sandy

lochs uWsually show several shallow gsub-besing which are
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Figure 3. Bathymetric maps for Loch Aird na GSgairbh, Weob and

Mid Loch Ollay, and Loch na Liana Moiroe.



Om——

200 melres, . LOCH OLLAY. N LOCH ARDVULE

1080 melrea.

ta melras

Figure 4. Bathyametric maps for Fost Lech Ollay, Loch Ardvale,

Loch Cille Bhanain, Loch Duin Dhig.



HSINNISHVEM HDO'I



tormed by sand bars otherwise the basing are sasentially
simple in shape. In addition several lochs, eg. Hallan and
fGird  an Sgairbbh have sastern arms thaet ocoupy rocky channels
putending intoe fthe blacklanmds and at the latter site this
channel forms 2 separate sub-basin, Small islands of rock or
zsard  are typical of these lochs and are oftegn host to

breeding colonies of gulls during the spring.

Lochs Trosaraidh, Eilesan, Nighe, Duithe Moire, Mid Ollay and
East Ullay occur on the blacklends or on land transitional to
machaivr. They are usually less than ém deep, have margins
formed mainly of bedrock, contain fine black detrital
sediment in the deeper parts, and usually lie in simple
basins interrupted only by the occurence of ilslands. lochs
Hriste and Nan Qapull are edceptional sites in that the
former i1s surrounded by a mat of +loating vegetation and the

latter containsg sediment composed of sandy-miceaceous silt.

The two upland lochs, Keparsiniebh and Teangs are mors than 10m
deep and both are linked to wnusual rocky channels that
cooupy  gealogical faulit lines orientated NW-8E. The bed-rock
margins of thess lochs steeply shelve down to Jine black
sediments which appear to be derived mainly from eroding peat
within the catchments. Loch Teange is the deepest and

possesses the most complex  bathymetry of all the sites



surveyed, It is divided into four sub-basine and sediment
gsampling indicated the presence of rock outcrops towards the

loch centre.

Water gquality.

Ueing water pH, alkalinity and conductivity (Table I as &
simple index of Water guality the sites can he rouvghly
gdivided into two groups, the Ffirst charecterized by high
values Ffor pH ( 27.5), alkalinity (250 mg Callz/1) and
conductivity ( >IE0u8 cm—-t), the second is characterized by
considerably lowar values of thess variables. East Loch Ollay
shows affinitiss with both groups having & relatively high pH
but low conductivity., The highest alkalinities occuwr in  the
machair lochs and are probably due to the high asbundance of
shell fragments in the surrounding sand. Prediciesbly the
lowest alkalinities are found in the wupland lochs which also
have the lowest pH values. However only &t one site, Loch
Teanga, was the pH below &. Loch Ardvules was eazily the least
dilute gite having a watsr conductivity value of over Z000 ﬁs
cm=1 and being less thar 10m Ffrom the high tide mark must

regularly receive direct inputs of see salts from sprav.

lonic analveis of the selected 6ix water samples shows



Fable 7. Water guality measursments and sites distance from

the wast or southwest coast, Sites ars numbered according te

Tabile 1.

ALKALINITY_, CONDUCTIVITY: ; SECCHI
LOCH | pH (mg Ca CO, 1~} {(us (25°CiCM DISC DEPTH
) J (m)

1. 7.5 Lo.0 502 1.0

~ 7.4 23.7 310 ND

3. 7.3 2h.5 290 ND

b 7.k 20.0 330 1.3

5. 8.2 Ol 0 510 ND

5. 7.1 11.0 330 ND

7. 7.1 15.5 340 ND

a. 8.5 148.0 570 D

g, 8.0 (7.9} 61.4 {53.2) 540 {502} D (1.3}
10 8.6 12h b 500 D
11 8.1 52.0 360 2.0
12 7.7 oh, 2 250 2.3
13 g.z 52.0 2,100 0.k
ik 8.0 52.8 370 D
1% B4 1.4 Bo2 2.3
16, 6.8 2.k 230 h.5
17 5.7 1.0 163 3.5

Not determined where light penetration was >

water depth.

Tndicate values Trom the east besin of Loch Alrd ma Sgairbh.




Table 4, Maicr cation and anion concentrations

it ik Bouth Ulst lochs,

{in w eg-* 3

!
LOCH Na© k| ca®t | Mt HCo | 1T | moT, sagg
Aird na Sgeirbh {Bast) | 2343 6L | 10951 6Ly | 1064 | 29B0 1 140 | 280
Briste 2183 | B7 ] 11001 59k 7oL | 3160 1 131 | L9b
Nighe 1700 5k 520 N 310 2360 a0 310
Cuithe Moire 17391 55 380 | Lar 220 | 2296 T egT
Kearsinnish 1208 28 180 363 120 1 160 93 | 187
Teange gA1 | 23 110 285 20 7 1160 7 1233
Table T Bimple correlation coefficient matrin Ao
morphometric characteristics estimated for sach of the
sxventeon lorhs and site distance from the west or southwest
woast.
Max Mean Ares Volume
Depth Depth 5 3
{m) ) {m™] G
Mean depth (™) 0.97%
Area () 0.07 0.01
Volume () o.711% | o.70" 0.56"
Distancs {¥m) G,BQXX o.88%* 0.32 o.68"
*p o= > 0.02 op > 0,001



sadium, calcium, magnesium, chloride and bicarbonate to be
the major ions present {(Table 4). Corresponding with the
conductivity and alkalinity values (see Table 31, these ions
are present at relatively high concentrations in the
cmastal machalr lochs and the lowsst valuss occur in those
lochs  Furthest from the west cossit such as ook Teanga.
fulphate concentrations ars an gxceptian showing no
correspondence with conductivity oar with the other variables
listed in Table Z. Chloride is the predominant ion and is
present at a concentration of more than 1000 4 eg I~1 in all
six  samples. Concermtrations of calcium and nitrate are

notakly high in the two coasstal lochs Briste and Aird na

Sgairibh  but nitrate eshows bthe greatest variation.

The diatoms

Diatomse wvalves in surface sediment samples from several
blackland coastal lochs wWere VB fragmented making
identification of less common speciss difficult. in toch
Eileen for eoxample wvirtwally all the valves present were
broken. This breakage ig probably  attributable to the

exposed and shallow nature of these sites where vigorous

11



winmd induced surface gediment resuspension must be freguent.
Interestingly, in the sandy deposits of machalr lochs
where light penetrates to the bottom sediment { cf. Table
Zi diatom valves were usually complete and undamaged. This
irdicates that hers the sampled diatoms were present
mainly as a living community whereas those diatoms sampled
irt the peaty blackland loch sediments were present as a dead

assemblage.

The distom tara identified irm each loch surface sediment
sample, inclouding an additional sample from Loch Aird na
Sgairbh{ East basin), are mainly periphy_tic in habit and are
listed in the appendii. The distribution of the most freqguent
species are shown  in Fig. & where sites are ordered
sccording to water conductivity ard pH. Sediment samples
from  ten coastal lochs with high water conductivity and pH
values, Ardvuale, Duin Bhig, Aird ma Sgairbh, West Loch Ollay,
Cuithe Moire, Cille EBhamian, Nighe, and Mid and East Loch
Oilay are all dominated by one  species, Fragilaria

glliptica. The dominance of Freagilaeria glliptica is

displaced by Cocroneis placentula in  three cosstal lochs

Hallarn, Briste and Liama Moire. Aehmanthes minutissima  and

A. microcephala ocour  in most gsamples but ere particulariy

abundant 1n Loch nan  Capul. nly in  three of the coastal
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lochs, Liana Moire, Briste and Nam Cspul, are the diatom

assemblages not dominated by the Fragilaria-Cocconsis group

but by f. oleveil and . placentula, by Ovolotella

an—

peeudostelligera and F. elliptica and by A. minutissima

v

respectively. Fragilaria virescens was the most abundant

diatom in the samples from lochs Trosraidh and Fearsinnish,
The two gastern lochs of lowest conductivity and pH contained

substantially different floras with BEunctia veneris common in

Mearsinish and Anomoeoneis vitrea abundant in Loch Tesanga.

Thes glanktonic diatoms, Cyvoclotella spp. and Stephanodiscus

spm. s only excesdsd  10W total freguency abundances in two

sites, Logh Hriste and Mid Loch Gllavy.

Rl though the most abundant dietom speclass are the
same a2t all the coastal sites thers arg considerable
differences between the less common diatome. For exampls in
Ioche Trosarasidh, Cille Bhaniarnm and Nen Capull the less

freguent species include Tabellaria flocculosa and Frustulis

spp. and Eunctia spp., a&ll indicative of acid environments
tof Hustedt 1937-3%9), This effect ie alse demonstrable to a
small degree within & site by comparing diatoms from the hard
sand bottom aof the west sub-basin with those inn the black
detrital mud of the rocky sastern sub-basin in Loch Aird na

Sgairbh (seg sites F and FA, appendix . Hers many diatoms



are common  to both samples but, although rare, Eunotia spp.
orly ocowred in the esastern sample (cf. water guality
Table 3). However, the overall takonomie similarity of these
and all the machair loch samples ie evident even though

available periphvitic habitats are often very difterent.

To produce an overview of the relationships betwesen diatom
species abundance and specisgs occurrsnce &t all the sites
the multi-variate gtatistical progranes DECORANA  and
TWINGFAN {Hill 197%9) waere enployed. First to ordinates the
speciss date, second to ordinate the sites using the species
deta, and third to construct a hierarchical classification of
the sites according to differentiating or indicator especies.
The aneslvsis produced clearest results when the percentage
species date was transformed into sbundance levels and no
down-weightings given to rare species. The species ordination
produced & good separation of the taxe along DECORANA  axis |
when plotted against i 2 (Fig. T Thesse two aves
accounted for 444 of the total verisnce in the data. On axis

I common diatoms such as Fragilaria elliptica, F. virescens

angd F. construens have intermediazte scores whilst Cocconeils

placentula and planktonic diatoms (Oyvecleotells

peaudostelligere and Stephaenodiscus BOD. have low

srores,. Distoms charactersitic of scid watsr, Amonosonels

vitrea, EBunpbtia veneris and Achnenthes recurvata, all have

-
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nigh scores. Ordination of the sites according to  the
diatom aszemiblages also produced the best separation along
aris 1 (Fig. 8) and are classifisd into five groups (see
dotted enclosures, Fig. 8) by TWINGPAN (Fig 9}, indicator
species and abundance levels are also given in Fig. 9. The
tochs Teangs and Kearsinish are removed first by the TWINSPAN
classification, confirming that the diatom asssoblages at
these sites are substantislly different from those at other
sites. The next division occurs between +thase sites which

have a high abundance of Fragilaris virescens or Cocconeis
e ——

placentula. The final wseful separations are made between

those sites where planktonic species Stephanodiscus

invisitatus and §. hantzschii are common {(group 1) and those

sites where periphytic forme ococw viz. fAchnanthes clevel

{groupn 23, Fragilaris elliptica {(group 3}, and Tabelliaris
flocculasa (group 43, as indicator zspecies. Applying results
mnf  the THINSFAN site classification to the species
ordination plot ( see symbols on Fig. 7! shows that species
characteristic of site groups 1, 4 and 5 are clearly
separated along axis 1| whereas those in groups 2 and I are

rot .
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SITES 1-15

Fragiloria eliiptica 4
Cocconeis placentulo 4
Fragilara construens 3

BB
SITES 147375

Cocconets plocentulg 4
Stephanodiscus invisitoius]
Cyclotelia meneghiano 3

54679
SITES 7115744

Fra

ilgria pinnoto 2
Fragilama virescens 5
Achnanthes saxonica 2

© ®
SITES 8.10 SITES 151315 SITES gfﬁ% SITES. 2.3.12 SITES 16,17
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clasgification dendrogram of the 17 sites

South Uist lochs based on the surface sediment diatoms.




DIGCLSSTON,

Advanced digital mapping techniguss were emploved to produce
high guality bathymeiric contour maps of selected loch
basins and reliasble estimates of morphomelric parameters such
a8 loch  volumes, surface ArEa s mear depth. The
computational techniguess are similar to those described by
Battarber at al. (198E3) but ar improved version of  the
contouring  algorithm has been incorporated into & graphics
softwars packages that is now commercially available (MAPICS
1985 . Despite the computational precision with which the
morphometric celoulations are made there are several sources
of ereoe in the resulits and all are & consequence of tho
Field data. In several cases where a loch pDOSsSEeses one or
more islands there are no depth points between the island and
the shore-line 0 causing contows lines to be constrained to
pans on one  side of the dsland. This sffect was particularly
acute i West looch Ollay and necessitated removal of a&ll the
rero depths for  islands from the data set and re-computation
of contouwrs. Inacceszible bave and channels asscociated with

several lorhs were not sweveved and  depths  were  assumsd to

i8



fall within the first depth contowr line. Ferhaps the most

sarious critisims are not of the ereors directly associated

wi th computational methods But COrCerin the
representativity af mewrohometric parametears rcaloulated

fFrom data collected on one occoasion only.  For example,
rlenthes, volumes,  amd  surtface  arsas of  the ground water
maintained shallow UWest coast lochs fluctuste considerably
hoth sesasonally and  annually  according to rainfall. Hence,
without some Fnowledge of these changess 1t 1s difficult to
commant  on possible changes in loch water level caused by
tmproved land drainage. Mowever, it is evident from this
srurvey that a substantial lowering of the water table in the
machair reglion by O.53m would cause several lochs, Nan

Capull, Trosaraidh, Liama Moire to virtually disappear.

Several studies of relationships betwesen various morphometric
parameters of Socottish lochs generally {Boarham 1958 and
lochs on SGhetland (George % Maitland 1784) have begen made.
Desnpnite doubts concerning ZRasnnal fluctuations,
raelationships between sshtimated morphometric parameters of
e South Hest lochs and distance from the west coast are
sxamined in Table 5 using simple coreslation analyvsis. Not

surprisingly, mean and maximum depths are highly correlated

and both are correlated with digtance from  the wast

17



coast. Unfortunately the number of sites surveved 1s
insufficient to attempt separation of the maximum/mean depth
relationship according to basin tvpe (of. Gorhem 1958)., Loch
volume is positively linked with the depth parameters but
less strongly with loch aresa. More interestingly no
significant correlation ocourred betwesn loch suwrface area
and depth,. This wnusual Featuwre of the data set arieps from
the abundanrnce of mechair and blaghkland lochs that vary
greastly in area (G.5-32.8 ha) vet arg all less than 2.5m
deep. Conseguently, the supposition that in studies of island
laochs it shoul d be possible to predict morphometric
characteristics simply from map measurements of surface arees

(George & Maitland 15784) i not substantisted here.

For freshwaters in a maritime climate, the effect of distanze
from the coast in  the direction of the prevailing winds
orn water guality {(particularly conductivity and pHi, i well
kriown {(e.g. SGorham 19553, Mackereth 1957, Sugswara 1961,
Flowesr 1987, Suteclidffe & Carrick 19873, 1984). Thisws
distance effect on water guality in the South Uist lochs is

ciearly evident from the water chemistry data and iz further

supporbted by correlation analvsis {Table &1, where ph,
alkalinitv, arel condurtivity are significantly and
megatively rel]ated to wmite distance from the west

18



Table &. Simple correlation copdficient mabtrix for water
gquality variables measured in  the seventeen lochs and

distance from the west or southwest coast.

pH ALEATINTTY CONDUCTIVITY
Alkelinity 0.56™"
XX
Conductivity O‘?GXX 0.66
Distence - O,ﬁéx - G.Elx - 0,96
x KX



coast. Log transformation of the data improved correlation
cosfficients considerably, indicating that within the
coastal fringe water guality, particularly conductivity,
changes  exponentially with distance from the coast. AOs
eupected, pH and alkalinity are closely correlated and the
small variance of the correlstion s probably attributable to
ohotosyrithesis effects. MWater conductivity is weskly related
to pH  and alkalinity but shows the strongest rnegative

correlation with distance, wheres

log conductivity( p pom-1)=2,8~0.38%l0g distance (km)

Se E. o= o/, 07, r? om 3,92, po= {7

Over one hundred vears ago, Bmith {IB72) recognised that the
proportion of sea salits incressed in precipitation towards
the coant and additionally that chliorides and sulphates also
increassed 1n arsas  of industrial pollution. The sources of
major ions in South Uist water samples can h@_indiaat@ﬁ by

COHAMI &L R iy ionic ratios with those in  secawater {Table

7i. It dm tlear that the spodiumichloride ratios in the logh

waters are very similar to that in seawater and as the
fprest B root oy mand  lake basins precludes significant

catohment souwoes of these ions thelr presence ocan be
reasonably  attributed to the deposition of wind-borne zsea

saltea, The Lonie ratios oot sodium: magnesium and



Table 7.

Het lochs

Ionic ratios of sodium with other

compared with those in semawater.

ions in siyx South

RATIO ERISTE O chmsx | mems | woRE | emerviem LOCH TEANGA SEA WATER"
Ha:Mg 3.7 3.6 B.0 3.8 3.3 3.5 b,3

Ne: K 25.1 36.6 1.6 31.5 43.2 8.7 b6.8
Ha:0s 2.0 2.1 k.6 3.3 6.7 8.1 22.8

Na: 60y bk 8.4 5.9 5.5 6.5 3.8 8.3
Ha:CL 0.7 0.8 0.8 0.7 0.7 0.8 0.8
Na.:HOE 6.7 16.7 2584 56,7 13.1 127.0 > 5000

from Riley % Skirrow (1965},




sodiumspontassium also indicats & predomimantly marineg source
for these fons, the ratics are howsver &l11 less than in the
sea indicating emall terrestrial cormtributions of magnesium
ard potassiym (ef. OGorhem 195358), significantly o0 For
potsssium  in Loth Briste. The sodiuvmicalcium ratio is very
iow in the coaestal lfochs duw to  high concentrations of
caloium  {swe Table 4. The large guantity of wind-blown
bivalve shell debris on the South Uiset west coast and in the
machair is well known (Richie 1979 and doubtless accounts
for the relatively igh calcium levels in thesy sites,
Eimilarly Gorham (1961) attributed high calcium levels in
dune slacke on the north English coast to the presence of
caloarsous shell fragoents. Calcium then is, like sodium,
largely supplied to these coastal freshwaters {from the sea
but indirectly so through the dissolution of biogenic caloium
carbonate, This abundance of calcium carbonate i largely
responsible for the high pH and alkalinities of the coastal

leache, In thie sagt erm loohs o

£ Bouth Uist  howsver

biguenic caloium 1% gcarce o that the sodiumicaloium ratio

is  correspondingly higher and scid drainage Yrom blanbet
prat  produces waters with low g and alkalinitv.

Interestinaoly, in the Bhetland Ielands where shell rich solls
a&re less common the lochs are predominantly acid, have low

albalinitises and are highly ool oured (Darter & Hallev-lWatts

198HL) .

20



Tl sodiumi sulohate rabtio variegs similarly to  that of

aspgdiuntcalclium, bheing considerably lowsr than in seawster in
Five af the sisx lochs sampled. The sulphabte concentration
apnpears to be wnrelated to distance from the sea and, in the
abzence of anv knows maior souwres of atmospheric pollution on

Seowrk b st bl g over the marine contribution appears

o o he dgrived  from catchment sowses. 4 is moteworthy that
Powmst sodiumssulphsts ratios occuwr  in sites containing a
ool darabilae guantity of decaving vegetation (loch Briste:
o whier Blanbet peat erosion 18 occurring {looch Teangal.
Thre godiuminitrate ratios in the lochs are stribkingly
i ffmrent  feoam that s} sEawater ard arg ocaused by
ralatively high corncentrations of nitrate in the loch water.
fhis indicates very sigrnificant catchment contributions of
mitrate, possibly  arising from leaching of agricultural

fertilizers applied to the sandy soils.

Most of the species of diatoms found in the swiace sediment
samples are pariphyvtic in habit  and planktonic forms were
generally LMY Ommen . AL, specles gdiversity was Low,
pmarticulariy in the shallow machair lochs, where over S04 of
the diatom assemblages was accounted for by betwesen one and

three specias. This, together with the absence of
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frustule breaksge, indicates that the diatoms in thess
samples consisted predominantly of living cells sattached to
the maridy sediment. Flanktonic diatoms ware only
common at Loch BEriste and Mid Loch Ollay and the ococcurresnce

ot Steghanodiscus spp. and Oyclotella pseudostelligera  at

hoth these sites may indicate agricultural srnrichment (cof.
Flatt Bradbury 197861, Howsver the ocococurrence of these species
inm Ardvule is more probably linked to nutrients leached from

decomposing seaweed at the ssaward end of the loch.

DECORANA  ordinstion of the species abundance and occurrence
data produced geood separation of species esccording to site

indicating that the diatom assemblages are related to one or

mor e environmental factors. The possible relatiocnships
between the  First three aces of the site ordination with
walter gual ity aiel  with drainages basin morphometric

characrteristics were pxamined using Fank-S8pesrman correlation
(Tabile B). The three water guality wvariables phH, alkalinmity
arngd  conductivity, are all significently related to DELCORANG
axis one aonly  and the rank correlation with conductivity wae
the most significant {at Fra < Q!GGE)& Moy sigrniticant
correlations (at P=20,.08) occuresd betwsen the ordination
aven and  the morphometric characteristics, depth  and  loch
AR, The freguency of  at least the diatom phyitoplanbton

miaht bhe swpected to increasse with looh size, however, 1t also
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Table . Matriu o Spearmann s coefficients of rank
sorrelation for wabter gual ity variables, bathymetric
characteristics and DECORANS scores  for axes  one. fTwo and

Phros.

AXIE 1 AXIE 2 AXIS 3
pH ~0. 71 0.23 0.2k
.. X .
Alkalinity -0.57 0,12 05.19
Conduchivity mO.?ﬁxxx 0.0z 0,04
Max. Depth 0.b1 -(3.25 ~(.02
Mean Depth 0.29 -0, 38 0.06
Aves 0.156 0.3p -0.02

* —~ X - HHE.. 3
P =< 3,02 o= < .01 o= o< 0,000



appears o he unrelated  to morphometeic factors. In fact for
Gouth st lochs  the freguency of plankionic diatams is
highest in one of the s=mallest lochs (Loch Briste) tor
whitoh high nutrient inputs seem  the most libkely suplamation.
The environmental significance of DECORANA scorss on anes Lwo
ard  thres 18 unbnown  although nutrient conceantrations

anrd substrate variation may be of some importance.

Considerable variation in diatom communitiess can ocour within
a site according to substrate (Jgrgensen 1948, Jones and
1l owear 1984) . FHowever speciss composition of the surface
sediment diatoms i1 bthe BSowuth Uist lochs seems remarkably
independent of substrate tvoe as  little floristic difference
orours between sites lving in sand or  in rock basing where
water guality is similar. An exception may be the abundance

of Cocceoneis placentula over Fragilaria elliptica in several

samples, particularly in lochs Hallanm  and Liamna Molre.
This could nossibly be suplained, not from water guality
variation, but by an over—-representation of diatoms supplied

fraom  Iocally abundant stands of Potomogeton at these sites

where the eniphyton WA dominatsd by . 0 placentula
(F1owesr, vinpruba, b Water transparency ARPR&ATS to  be
urimpoartant in determining specigs composition of the

surtface sediment diatom sssemblages in South Uist lochs,
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PBespite the highly significant correlation of DECORANA aitis 1
with  water conductivity it is not possible to separate the
etfects of conductivity from those of pH and alkalinity as
all three variables are co-related in in these waters (of,
Table &). NMevertheless, water guality seems to be of primary
importance in  controlling the distribution of diatoms in
South Uist Jfreshwaters esvern where large differsrnces in
substrates ccocw . As diatoms a&are good indicators of both
salinity and pH it is likely that, over a range of sites
suth  as ocours on South Uist, the resulting distribution of
diatom taxa is & response to an ecologically effective
mmmbimatimﬁ of these water guality variables. The changes in
spediess ooourence, according to  the water quality gradienmt
arross the island, is important  and allows the sites to be
cleassifiosd ecologically into five groups (where group B sites
arg of relatively low conductivitv and phid. However, whether
this classification of the lochs of South Uist s more or
less appropriate than one based on physical {(cf George &
Maitland 1904 o chemical attributes (Borham 2t al, 198%)
awalte evaluation according to the possible wavs In which the

sites may respond to future disturbances.
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APPERDIX

LISTS OF DIATOM SPECIES AND FREQUENCIES IN SURFACE SEDIMENTE OF

THE 17 sSOUTH UIST SBAMPLE LOCHS.
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ITE 1 LOCH BRIBTE

|43
Ty
£
o
ford

e
iy

Uoceonels plancentuls Ehe

Cyclotellia pseudostelligera Hust,

Fragilaria 41liptica Schum.

Stephanodiscus invisitetus Hohn & Hellerman
Stephancdiscus hantzschii  Grun.

Achanthes lanceolats Brebl

Cyclotellis meneghiniene Xutz.

Fragilaria virescens Ralfs.

Fragilaris vaucheriame (Kutz) Boye Peterscn
Navicula seminulum Grun.

Synedrs pulchella FKutz.

Fragilaris construens (Ehn) Grun.

Yavicula pupuls Kutz-

Nitzschia palea (Kutz) W. Smith
Achpanthes minutissima Kutz.

Achnanthes hungarica Grun.

Cyclotells sp.

Diatoms tenue v siongatum Lynge

Wavicula trivialis Lange-Bertalotb

Haviculs viridula Kubz,

SITE 2 LOCH HAN CAPULL

Achnanthes minutissima Kulz.
Fragilaris virescens FRalfs.
Achnanthes saxonica Kraszske
Fragilaris vaucherise (Kutz) Bove Peterson
Cocconeis placentula Ehr.
Gomphonema intricatum HKutz.
Achnanthes linearis W.S8muah
Cymbella gracilis ({Rebn) Cleve
Opephora martyi  Heribaud
Tebellaris flocrulosa  (Roths Kutsz.
Amphora ovalis v. iibyca ({Ehr) Cleve
Cymbellis microcephale  Grun.
Cymbella gasumenni Meister

Eunctia veneris {Hutz) O. Muller
Functia exigus {Breb) Rabh.
Fragileria construens (Ehr) Grun-
Fragilaria pinnete Ehr.

Naviculs sp. )

Neviculs pseudoscutiformis Hust.
Havicula hungarica Grun.

Navicula pupuls Kubz.

Pinnuwlaria 5P,
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is v capitate Krasske
lavicula trivialis Lange-Bertalot
Navicula bryophila Petersen
Kaviculs hassisce Krasske
Nitzschia fonmticels Grun,

e

@ 3

SPECTES FREGUERCY (%)}
Fragilaris virescens Ralfs. B87.5
Fragilaria «iliptics Schum. 15.8
Fupotin veneris {(¥Kutz) 0. Muller 8.8
Fragilaria construens {Ehr,) Grun. 5.6
Opephora martyi Heribau 5.6
Tabellaria flocculosa (Roth) Kutz. 5.6
Fragilaria pinnata Ehr L.2
Achnanthes minutissima Kutz. 2.8
Achnanthes linesaris W. Smith 1.4
Achnanthes margimiiata  Grun, 1.k
Lehnanthes sublasvis  Huost. 1.h
Anomoecneis vitrea (Grun) Ross 1.k
1.4
1.k
1.5k
1.4
1.h
1.k
1.k
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SITE 4 LOCTH AN EILEAN

Fr :iia ria virescens Halfs.
1a 1l i o

ncﬁnaﬁu?e: crocepha
Fragilaria construsns

Sehum.
vh .

A, Mayer
ia  Kuteo.
[Ehr) Grun.

Funotia pectinalis v minor (Kutz) Rabh.

Fragilaris vaucherise
Btephancdiscus parvus

{Kutz., Boye Peterson

Stocmer & Hékansson

Ashnanthes minutissima Kutz.
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g HKubtz.
Grun.

mphonema intricatum  Kuiz.

Mamtcglgia smith Thwaiés

Navicula venets Kubz

Havieculs paeuﬁoscutifﬁrmﬁ Hust.
Havieuls viriduls ¥utz,

Hitzschia palea (Kut

7} W. Smith

bellaris {locculoca {RBothd Hutz.
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SITE 5 LOCHE HALLAWN Contd..

SPECTES FREQUENCY
Fragileria construens (Ehn) Crun. .
Fragilarie virescens BHelfs. .
Achnanthes olevel Grun. .

Achnanthes conspicua A, Mayer
Havicula vensta Kubz,
Fragilaris vaucherise {Kutz) Boye Peterson
Mazstogloiz smithii Thwaites
Navicula radiocsa v tenellas {Breb) Srun.
Achnanthes minutissima Kutz.
Achnanthes sp. a
Achnanthes lanceclata Breb,
Anomoensis sp.
Cymbella ventricosa Kutz.
Distoma tenue v clongatum Lyngb.
Diploneis ovalis (Hilse} Cleve
Dipioneis cculata {Breb) Cleve
Fragilaria brevistrista Grun.
Heviculas 8D.
Nevieula seminulum Grun.
Naviculs clementis Grun.
Neviculs viridula Kubz.
Hitzsehiaz amphibis  Grun,
Nitzschia microchphals  Grun,
Synedre pulchelila Kubz.
Synedra rumpens  Hutz,

- » ® a & "

-

« e * ® 5 ° ® a - S PR

ot el e pd et Bt b et Bl et el bl bl B B =5 et B ORD DD LO L3 L0 AT OR
O el e SR e Sy S S S S O i = = OV I VORI~ o e

.

Fragilaria c¢lliptica Schum. Ly,
Cocconeis placentuls  Ehr, .
Frogilaria virescens FHalfs. .
Acananthes hungarics Grun. .
Fragilaria construens (Ehn} Grun. .
Achnanthes microcephala Kubtz. .
Oyvelotells comba  (Fhr) Kutz. .
lavicula (ndifferens  Hush. .

Achnantzeskﬂinutigg:na Kutz.

.

Achnanthe

Achnenthe

Caloneis
i%l&n@iﬁ

Epithemia zebra

Funotia P
Pragilari

Mastogloi

Havicula
Wavieuls
Hevioula

Nitzschia tzrrestris
Stauroneis

Stephanod

g rostratas Ostrup
s lipnesris W. Smith

siliculs
ovalis

ectinalis
& pinnata
& Smlthxi
ST.

pseudoscutiformis

hungaric
irivialis
dicephais

{Thr)

{Ehy.)
{Hilse)

Ehr.

Cleve
Clevs

Kutz,
wminor

{Kutz)

Thwaites

Grun-

Hust .

Lange-Bertalot

{(Fnr)

iscus minutula

{Petersen )
producta Crun -
{¥ute )

W. Snmith

Habh.

Hust.
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liptica Schum
nnats  Ehr.
fferens  Hust.
nuhiss

Achnanthes m

Achnanthes s
Achnenthes saxonica Hrasske
Fragilaria virescens Ralfs.
Fragilaria construens (Eht Grun.
Baviculs pseudoscutiformis Husts
Achnanthes microcephala Hubz.
Achnanthes umara Uarter
Achnanthes lanceolats v. ¢1lip

Cyelotella meneghiniana Kubz

Diatoma tenus v. clongatum  Lyngb.

Funotia pectinalis v minor {Kutz) Rabh.
Fragilatia vaucherise {Kutz) Boye Peterson
Waviculs trivialis Lange-Bertalot

tice Cleve

LR

SITE 8B LOCH HA LIANA MOIRE

1

Covconeis placentuls  Ehr,
Fregilaria ¢lliptica Echum.
Amphora ovalis v, pediculus Kutz.

hnanthes minutissima  Hutz.

vithemia zebra  (Fhn) Kutz.
Gomphonema intricatum Kubz.
Mastoglois smithil Thwaites
Achnanth

1

thes hungarics  Grun.
Fragilaria brevistriats Grun.

1z radiosa v. renellas {Breb) Grun,
Bynedrn pulchells Kutz.
Achnanthes linearis W. Bmith
Achnanthes microcephalas  Kutsz .
Achnanthes lancecliats Breb.
Caloneis sp.
Cocconeis pediculus  Ehr.
Distoma itenue v
Fragilaria ¢

Navicula veneis Kubz.

Havicula irivialis Lange-Beritalot
Navieuls cincta  {Ehr) Kutz.
Havicula rhynchocephals  Kutez.
Nitzsehia amphiba  Grun.

Stephanoidscus minutula {Kutz) Hound

8ITE G LOCH AIRD AN SCATRBH  {West Basin)

Fragileria c¢lliiptica Schum.
Fragilaris virescens Ralfs-
Fragilaris construens (Ehr) Grun.
Havieuls veneta Kutz.

FREQUENCY
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SITE 9 LOCH AIRD AN SGATRBE  (WEST BASINY contd.
SPECTES FREEQUENCY (%)

Cocconeis placeantula  Ehr

Havicule gregaria Donkin

Navicule irivialis Lange-Berialot
Epithemia zzbre {Ehr.) Kutz.
Fragilaria pinnata  Ehr,

Fragilaria vaucherise  (Kutz) Boye
Achnanthes haukisna  Grun.
Achnanthes clevel Grur,

Aehnanthes sexenica  Krasske
Covoonels disculus  Schum.
Cyclotells meneghinians Kutz.
Naviculs pseudoscutiformis  Hust.
Haviculs hungarica  Grun,

Havicula graciloides A, Mayer
Hitzsehia capitellata  Hust.
Tabellaris flococulosa  [(Roth) Kutz.
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STTE ©9A  LOCH ATIRD AN SGATHBH (EAST BASIN)

"

laria ¢iliptica  Bohum.

laria yirescens  Ralfs.

Fragilaria construens  {(Ehr) Grun.
Cocconeis placentuls  Ehr,

Amphora ovalis v pediculus  Kutz.
Cocconeis pediculus  Enr.

Fragilaris pinnata  Ehr.

Novicula rrivialis  Lange-Bertalot

Achnenthes ¢level  Grun.

Achnanthes saxonica  Krasske

Havieuls hungarics  Grunp.

Hitzechia amphibia  CGrun.

Achnanthes hauklans  Crun.

Achnanthes sp.

Achnanthes lanceolata  Breb.

Cyclotella meneghinians  Kutz.
funotis pectinalis v minor  (Kutz) Rabh.
Functia praerupta-nana  Berg
Fragilaris brevistriata  Grun.

Melosirs :falice v subasrctica 0. Muller
Bavicula pseudoscutiformis  Husrt.
Stephancdiscus parvus Stoermer & Hikansson
Tabellaris flocculosa {Roth) Kutz,
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SITE 10 LOCH OLLAY-WEST BASTH

Fraglaris clliptics Schim . 51.5
Cocconeis placentuls Ehr. i2.9
Achnanthes clevel Grun. 5.9
Amphora ovalis v pediculus Futz. 5.0
Navicula radiosa v tenslla {Breb) Crun. 5.0
Achinanthes haukizna Grun. 3.0
Cymbells microcephsals Grun. 3.0
Navicula praciloides A, Mayer 3.0



SITE 10 LOCH OLLAY - WEST BASIN CONTD...

SPECIES ( FREQUENCY%)
Epi Kutz. 2.0
Naw 2.0
Ack Kutz. 1.0
Achn 1.0
Achn Ostrup 1.0
Frag Ralifs 1.0
Waviculs W. Smith 1.0
Havicula phyilepte Kutz, 1.0
Naviculs rrivialis Lange=-Zertalot 1.0

SITE 11 LOCH  CLLAY -~ MIDDLE BASIH

Fragilaria ¢1liptica Sehum. 45,5
Cocconels placentuls Ehy. 15,2
Cvelotella comta {Ehn} Kutew, 7.1
Fragilaria virescens Hal 5.1
Fragilaria pinnats Enr. 5.1
Cyclotells comensis Grun., L.o
Aehnanthes minubissims Kutz, 2.0
Achnanthes ¢lsvel Grurn. 2.0
Cocconeis pediculus Ehn 2.0
Fragilaris construens {Ehry  Grun. 2.0
Achnanthes haukians Griur. 1.0
Achnanthes ianceclista Breb, 1.0
Amphora ovalis v libyea {Ehr) Clsve 1.0
Astericneila formose  Hsssall 1.0
Cocconels dizculus Sehum. 1.0
Uyclotells pseudostelliigers Hust. 1.0
Fragilaris vaucheriae {Kutz! Boye Peterson 1.0
Pinnularis viridis {Nitzmehy Ehr 1.0
Stephancdiscus minutuls {Kutzl Hound 1.0
Stephancdiscus parvus Stoemer & Hékansson 1.0
SITE 17 LOCH 0LLAY - EAST BASIN
Fragilaria clliptics Sehum. 30.1
Achinanhes minutissims Katz. 7.5
Aohnanthes iinearis W. Bmith £.5
Oyelotells comta {(Fhr) Kubz. 6.5
anna53565§n1craceﬁ alsp Kubz. 5.4
Cocooneis placentula Ehr 5.k
Fragileris virescens Relfs, g b
Fragil Fhr, 5L
Cy Thwaites 3.2
gt minutula {Kutz., BEounsd 3.2
Dern (i1 2w 2. 3
Fy =11  Rebh. 2.2
Fr (Ehr)  Grum 2.2
uﬁrphenemg intricatum Kuiz. 2.2
abellaria flocculosa (Beoth) Kubz. 3,2
Achnamthes raptrata Qgﬁrhu 1.1
Avhpnanthes saxonics rasske 1.1
Ancmosoneis bratnygira v thermalis Nov., Comb. 1.1
Cymbella helvetica Kutz. i.1
Frogilaris brevistrists Grun, 1.1
Frastulis rhomboides v saxonics {Hebh) De Toni 1.1



51T 12 LOCH OLLAY ~ EAST BABIHN Contd, .

53]

o
i

s

IEs { FREQUENCY %)

s
&}

Naviculas s, 1.1
Navicula phyllepta KFutz. 1.3
Nitzschia fonticcla G, 1.1
Rhopalodia gibberula {Ehr.) 0. Muller 1.1

S5ITEH 13 LOCH ARDVULE

Fragilaria e¢lliptica Schum. 28,7
Cocconels placentula Ehr, 17.8
Cycictellas meneghiniana Kutz. 8.5
intoms enue v. clongatum Lympb, 7.6
Baviecols crivialis Lange-Bertalot 5.1
Stephancdiscus hantzachiil Grun, 5.1
Achnanthes lanceclats Bréb, L.,p
Stephanocdiscus invisitatus Hohr & Hellerwan .z
Achhanthes sp. 2.5
Caloneis sp. 2.5
Achnanthes clevel Grun. 1.7
Wavicula veneta Kutz, 1.7
Haviculs hungarics Grun, 1.7
Achnanthes haukiana Grun. 0.8
Aehnanthes saxonicsa Krasske o.8
Achnanthes delicatula Kutz. .68
Cymbella helvetica Kutz. 0.8
Havieula radiosa v, enells (Brev) Grun. 0.8
Nitzschia pales (Kutz) W. Smith 0.8
Nitzschia amphibia Grun, 0.8
Nitgsrhia microcephalsa Grun. 0.8
Opephors martyl Heribaud 0.8
ZITE 1h LOCH CILLE EHANIAH
Fragilaria ciliptica Schum. 22.3
Aehnanthes minutissima Kutz. 9.6
Fragilaria construens {Ehr}  Grun, 6.4
Havicula seminulum Crun. 6.0
Achnanthes sp. 4.3
Amphora ovalis v, pediculus Kutbz. 3.2
Cocconeig placentulsa Ehr. 3.2
Funotia pectinalis v.minor {Kutz) Babh. 3.2
Bavicula indifferens Hust. 3.2
Achnanthes microcephals Kute, 2,1
Lehmanthes sarxonics Kraﬁskﬁ 2.1
1uly Schum. 2.4
oE Gruarn. 2.1
Ehr. 2.1
Thwaites 2,1
tenellis (Br&h) Crun. 2.1
iformis Huszt. 2.1
Ostrup. 1.1
We uulzh l,};
Grun, i.1




SITE 1k LOCH CYLLE BHANTIAN Contd,.

Aehnsnthes {lexella {Kutz) Grun.
Asterionellsa {ormossa Heszall
Caloneis sp.

Coceoneis sp.

{yelotells comis {Enhr} Kutz.
Cymbella helveticn Kutz.

Cymbells hebridica {Gregory) Grun.
ﬁigl@reis avalis {Hilse) Clave
Fragilarie brevisiriata Grurn.
Frustulia riomboides v, saxonice {Rabh. De Toni
Havicula gregaria Donkin

Hevicula clementis Grun.

Hitzschiz dapitellata Hust.
Niteschis *é?res+“1s {Petersen) Hust.
Hitzschia fonticols Grun.

Gpe p&@waznar*y* Heribsud
Tabellaria {leocculoss {Roth) Kutz,
2ITE 15 LOCH DUIN BHIG

Fragilaria ¢lliptica Schum.
Coceoneis placentuls Ehxr,
Cyclotellsa mensghiniansg Kuvz,
Stephanodiscus hantesohil Grun.
Echnanthes minuticssima Kutz.
Cyciotella atomus Hust.

Hevicula gregaria Donkin

Caloneis sp.

Dipioneis ovalis {Hilse) Cleve
Fragilarvia virasscens Ralfs.
Fragilaris consirusns {Enr) Grun.

¥ 1

Achnanthes haukisns Grun.
Achnanthes sp.
Naviculs exilis Kutz,
Havicula pygmaea Katz.
Stephancdiscus nvisitatus Hohn & Hellerman
Zynedra pulchellisa Kutz.
S1TE 16 LOUH KEARSTHRISH
Fragliara virescens Ralfs,
Eunotia veneris {Kutz.) ©O. Muller
Fragilaria ¢lliptica Sehum.
Achnanthes linearis W. Smith
Cyelotella comte {¥hr) Hutz,
Anpmoeoneis vitres {GrunJ Ross
Frustulis rhomboides v, saxonica {(Rebh) De Toni
Cyclotells comensis “Grun.
Cymbellsn helvetica Hutz.
Bunotia pectineiis v.minor {Kut-) Rabh.
hehnanthes minutissima Kute,
Achnanthes {lexells {Kutz) Grun.
Anompecnsis brachysira v, thermalis Nov, Comb
Cymbeila gracilis {Rebh) Cleve
Oymbeila <esatii {(Rebh)} Grun,
usta

Ralfs.

{FREQUENCY %)
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8ITE 16 LOCH KEARSTNNISH Contd, ..

BPECIEE

Fragiliara construens {Far} Grun.
Bavicula ssutelloides W. Smith
Naviculs ccoconeiformis Gregory
Niteschia romans Grun.

Pinnulsris sbujensis {Pant) Hoss
Pinnularia sp.

SITE 17 LOCH TEAEGA

itresn {Grun) Ross
sCcens Ralfs.
rocephals Kutz.
b@lzeﬁ y. sexonics {Rahht) De Teni
iiis {Rahb., Cleve
achyvsira V. thermalis Nov, Comb.
alis v minor (Kutz) Rabh.
urvatsa Hust.
ensis Grun.
counlosa [Roths Kutz,
udoswari Carter

pueills A. Cleve

{Breb., ex Kutz) Ross

tissima Kutz.

&chnamtnes 5D,

fnomoecneis serians {Breb.) Cleve
Cyelotella comba {Enr.) Kutz
Cymbells cesatii {Rabht Grun.
Funotis veneris {¥utz) 0. Muller
Eunotis exigus {Brab} TRabh.
Funotia dicdon Fhir.

Nitezschia fonticols Grun.
Nitzschie angustata v acuta Grun.
Pinnularis sbujensis {Fant.] Ross
Pinnuvlaria wndulsta Gregory
Surirella delicatisszima lLewis

{FREQUENCY %)
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