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Abstract

f~~thymetries of 17 previoLlslv unsurveyed lochs and conlpLlter

arp de5cribed~ I)eposited sea salt i$ ~hown to have ~ majrJr

p·Ffet:t 1 that varies ~cccrding to distance from the west

coast, en water quality in these lochs. rt,e ecological

sigr1iFicance of w~ter qu~lity variation is assessed by diatom

analysis of surface sediment frem .ach site. Multi-variate

methods of diatom community analysis indicate that the sit.s

can bp classified into five groups and that water

conductivity and pH are the main determinants of

~s5emblage species composition.
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INTRODUCTION.

Freshwaters on the OLlter H&brides islands of western

Scotland have received scant attention from limnclogi5ts~

ThIS is par"ticLllarly so for the island of South lJist, one of

the few looalities omitted from the eNtensive bathymetric

survey of Scottish freshwater loc~,& carried out. by MLlrray and

Pullar (1910) . Nevertheless, South Uist lochs are of

particular interest for at le.st two re.sons. First, the

Outer Hebrides are included in an EEC sponsored Integrated

Dovelopemont Programme ClOP) for the Scottish Western Isles

(see HanbLlry, 1984) and planned agricultural improvements

such as better land drainage and inrreased use of

manu'factured fertili2ers could have detrimental effects on

the island's freshwater reSOLlrce&. Second, sinre freql,lent

westerly storms distribute .ea salt over the entire island,

SOLlth Uist offer the possibility of assessing the

effect of variation in deposited .alt on water qualty and

its ec:ological significance in a geographically restricted

important factors thought to affect water

C1Llality on the island are acid humic drainage water
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extensive blanket peats and laaching of fertilizers from

agricultural land.

Bathymetric data for South Uist are currently pertinent a.

proposed and already implemented drainage operations could

cause a lowering of the water table detrimentally affecting

wetland§ and shallow lochs, particularly thoam in thm west~rn

mach~ir fringe ( • thinly vegetated ~cologically s~n§itive

.and dune .yst~m, cf. J.atinen 1957, Richi. 1979, Hambr~y

19841. Measurement or calculation of morphometric

characteristics s~ch as are., volume, and depth, of a

selection of these lochs §hould not only provide empirical

d~tB but pos.ibly aid the formulation of man.gem~nt plans for

conservation and preservation of the wetlands.

The ecological significance of water quality variation in

South Uist lochs can b~ .ss~ssed inter .li. by examining

the distribution and abundMnce of di~toms. Diatoms Mre

siliceou§ algae common in fresh Mnd brackish water lakes

that, Mt the species level, are good indicators of water

acidity (cf. Hustedt 1937-39, M.ril~inen 19671, salinity (cf.

Kolbe 1927, Hustedt 19571 and eutrophic.tion (Pl.tt

Bradbury i975, Sattarbe. 19781. In this paper the surf.cm

sediment diatom assemblages of seventeen lochs are related



to "'''Iter quality ~nd drain"lge b"l~in char"lcteristicffi and we

"Ittempt a natural cla~Bification of the sample site~. The

relation~hip between the distribution of diatoms and water

quality is eX"Imined using multi-vari"lte methods of plant

community an~lysis CHill 1979).

Planned development of South Uist and other islands of the

Outer Hedrides stimulated environmental concern in the 1970's

and resulted in a series of paper. on the region including

descriptions of the aquatic macrophytes (Sp.nce et al. 1979,

Royal Botanic Gardens, 1983), dilquatic invertebrates

(W.ter.ton & Ly.ter 19791 and of inland water chemistry

(Waterston et OIL 19791. Then. is howli!ver only one pLtblished

account of the distribution of algae (mainly phytoplanktonl

in South Ui.t fre.hw.ters made Over 30 yedilrs ago by Lind

(1953) .

SITES DESCRIPTIONS.

The Atlantic island of South Uist i. 32km by 13km and is

situated some 65km from the we.t coast of mainland Scotland

In the Outer Hebrides archipelago. It Bxperience. a wet and

cool climate with frequent strong winds from the we.t and

sout.hwest. ~ The geology of the island i. dominated by

resistant siliceous Archae.n rock. of mainly Lewisl.n gnei ••
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that are uplifted along the .astern side of the island to

form rugged hill. up to SOOm in altitude (Fig 1). The western

slope. of th••• hills extend into the central lowlands or

'blaoklands' and merge with the machair along the west coast

(see J.atinen 1957 for fuller descriptions of land type and

use). The upland and central lowland soils are composed

almost entirely of blanket pe.t usually overlying coarse

glacial drift deposits or gnei •• bedrock. The peat may be

.everal metre. deep on the l.ss steep slop•• in the •••tern

hills but according to Jaatinen (19571 extensive peat

cutting in the lowlands ha. produced the unproductive

'blacklands', an are. characterized by thin sandy peat with

many boulders and bedrock exposure••

typified by a vegetated dune system or machair where good

drainage has enabled subsistence agriculture to be practised

on large are•• of the .hell-rich .andy soils, probably since

pre-historical times (cf. Dickinson & Randall 19791.

Freshwater lochs are abundant on South Uist and can be

broadly grouped into upland, blackland and machair lochs

according to location. Loch. in the two latter area. are

surrounded mainly by agricultural land, the upland

lochs however have open moorland catchments managed for sheep

grazing by burning. Most of the blackland and all of the

m.chair lochs are maintained by ground water and are often



T~I]lF 1. Loaction and selected physical chur~cteristics of

the seventeen South Uist sample lechs. Sites 1 to 15 are

ordpred from 50Llth to north.

NArrIONAL
ALTITUDE DISTANCE

~')I'TF GRID RE? .. ( WEST COAST BASIN
(km) GEOLOGY

-~~-~--~

brl -:;'te (B) HF < 10 0 .9 Drift Org:l,nlc detritus

NtirJ ( ) 10-20 I " Rock Sand & silt/

" 'l'rosaruidh (B) 70 10 :-20 2 3 Rock Silt
J; ;::'l.lcnn ( T} ) < 10 O. Rocy. detritus

:) i!ti11rm (M) 739::::)2 < 10 O.CI & Sand

Cuith Moire (B) 7 < 10 I .3 Rock Silt &l)

Detritus

(B) < 10 I 5 Rock detritus

Liana r<oire < 10 0 .7 Sand Sand

i\ird no
(If; ) < 10 0.5 Sand Sand

10. \--lp:::;-t LO':'l1 (M) < 10 O. 5 Se..nd & SandOllny
Rock

l} Mid Loch
(B) 755315 < 10 , .6 Rock Organic detritus/

0IJ~iY

Last Loch
( P, ) < 10 3 .1 Rock detritus

011D.y

/\rdvule (\.\ \ 71'1:?99 10 o.cn Rock detritus\,',;

,
i1 Bh,ullan (M) I), < F' 1 5 Sand & ~~and & Ejilt~U

Bock

(M) < ' n 0.4 Sand detritus~v

EE:tlrsinnish (q \ 10-20 3 .0 Rock detritus\ \) ;

, (U) 20-30 6.5 Rock detritus, i

~'IT1};led at tLe (jeepest of each loch

M ; Machair and U:;;: Loch,
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interconnected, GO m~king description of the effective

individual loch catchments virtually impossible. In

collaboration with the Nature Conservancy Council we selected

a range of seventeen sites for investigation, including

upland,

FIELD METHODS

The seventeen lochs (Fig. 1) were visited in May 1983 and

survey methods entailed making several traverses across a

loch in an inflatable boat using a graphical echo-sounder to

record depths. Depth transects were located by reference to

easily identifiable map features such a. inflows and

promontories. In several of the very Ghallow machair lochs

however, depths were simply measured using a graduated pole.

In addItion to the bathymetric survey, Becchi disc depths

were determined where possible and water sample. were

collected for pH and conductivity me.surements in the field

and for further analysis in the laboratory. Surface .ediment

.amples for diatom .nalysis were collected from the deepest

point In each loch using a small Ekman grab.

LABORATORY METHODS

Water .ample. selected for

6
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analysed fer m~jor cations and anions u$ing standard

spectrophotometric methods. Surface sediment samples for

diatom analysis were cleaned using 30% hydrogen peroxide

followed by concentrated hydrochloric acid and mounted on

glass cQverslips in Mikrops for micro5ccpical examination~

The specimens were identified at w1500 magnification and

about 300 valve. counted for each s.mple •

Contour maps and estimat.s of loch surface area and volume

(MAPICS 19851 and custom

were produced uBing both proprietary mapping software

programs. Loch outlines were taken

from 1,10000 maps and enlarged to a suitable seal •• Th.

outline. were superimposed on the surveyed depths and the

following data were digitized for ••ch sit., loch outline

detail, outlines of islands (if pr.sentl, and surveyed depths

including a .ample of points from loch outlines recorded as

:ero th~

The MAPICS (19851 graphics system produces high quality

bathymetric contour maps of the loch from

height-gradient grids interpolated from the surveyed depths

and loch/island outlines. Contour maps were drawn using a

Hewlett-Packard vector plotter, Surface

estimated using a custom program ba.ed on _ GAG (Geography
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Table 2. Morphcmetric characteristics o{ thp seventeen South

Uist sample lochs~ AS sampled M.y 1983. Sites are numbered

according to TBble 1.

srfE
f/d;:X DEPTH MEAN DEFTH

(
SURFACL AREA

SURFACE AREA:
VOLUr.lE RATIO

L 1.50 L12 .3 3892.3 1.352

o. 0.42 28600.0 5647.0 5.

0.50 0.32 ~ . 0 6 .• .L

lL 1.60 0.73 109483.8 46921.7 2.333

c:.- l 0" 0.52 320856.6 .3 ".j. .LV -' .

6. .00 0.99 .0 24182.9 1.292

7. 0.80 0.55 13552.0 1+994.2 2.

8. C. 0.19 77492.3 .2 6.9):2

9. 2.30 0.63 .5 88850.8 2·925

10. L O. 328152.0 .2 2.721

2. .4 .3 0.86311. 5.20

12. '0.00 1.92 326544.7 .9 o.
, ? 1.80 L " .8 1 r-st;...Lj. ./ _.. ) ..•
1h. , 0.5 .9 21312.6 3..L •

1 ,~ 1.10 O. 7"- 25232.5 8676.5 2....Lj. ,.

16. 10.50 2. 141309.3 147202.9 O.

17. 21.00 9.38 77131·5 .6 0.184

1.45 1



Algorithms GrolJp) subroutine for calculating polygon area••

Volum•• were e.timated u.ing an algorithm that automatically

generat.. triangulations of the depth and outline ••mple

nt. and sums the volume. of the individual triangl ••. This

algorithm generat.. an optimal triangulation of the data

pOInt. (the Delaunay Triangulation) by ensuring that

tr.angle. ar. a. equiangular and equilateral.. po.sible

(Sibson .nd Gr••n, 19781.

RESULTS

Loch bathymetri ••.

aathym.tri •• for the 17 surveyed lochs are presented in

Figs. 2 to 5 and ba.ic morphometric parameters of depth

ar.a and volume calculated for .ach site are given in Table

2. The machair group of loch., Hallan, Li.na Moire, Aird an

a.rbh, West Loch Ollay, Ardvul., Cill. Bhanlan and Duin

Bhig, and have h.re sandy

bottoms and littoral .re.s, Ex ions .re Ardvule .nd Duin

Bhig which cont.in soft detrit.l sediments composed largely

of fibrous macrophyte remains. The bathymetries of the sandy

lochs usu.lly show sever.l shallow sub-b.sins which .re

8
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fermed by sand bars otherwi.. the ba.in. ar•••••ntially

simple in shape. In addition several loch., eg. Hallan and

Alrd an Sgairbh have .a.t.rn arms that occupy rocky channel.

extending into the blacklands and at the latter .ite this

channel 'forms a separate sub-ba5in~ Sm~ll i.land. of rock or

sand are typical of these loch. and are often host to

breeding colonies of gulls during the spring.

Lochs Tro.araldh, Eilean, Nlghe, Cuithe Moire, Mid Ollay and

Ea.t Ollay occur on the blacklands or on land transitional to

machair. They are usually le.. than 6m de.p, have margins

formed mainly of bedrOCk, contain fine black detrital

sediment In the deeper part., and usually lie in simple

basins Interrupted only by the occur.nce of islands. Lochs

Bri.t. and Nan Capull are exc.ptional .it•• in that the

former is sUrround.d by • mat of floating v.getation and the

latt.r contains s.dlment compos.d of .andy-micaceous silt.

The two upland lochs, K.ar.inish and T.anga are more than IOm

de.p and both are linked to unusual rocky channels that

occupy g.ological fault lin•• ori.ntated NW-SE. The bed-rock

margins of the.e lochs .t.eply .helve down to fine black

••dim.nts which appear to be derived mainly from eroding p.at

within the catchments. Loch Teang. is the d••p••t and

po••••••• the most complex bathymetry of all the sit••
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surveyed. It is; divided into four sub-bas;ins and sediment

s;ampling indicated the presence of rock outcrop. towards the

loch c"ntre.

Water quality.

USIng water pH, alkalinity and conductivity ITabl. 31 a. a

.imple indeH of water quality the .it•• can be roughly

divided into two group., the fir.t characterized by high

value. for pH and

conduct i vi t y I >3501-'8 cm-' 1 , the .econd is characterized by

considerably lower value. of the•• variabl ••. E••t Loch Ollay

shows affinities with both group. having a relatively high pH

but low conductivity. Th. highest alkalinitie. occur in the

machair loch. and are probably due to the high abundance of

.hell fragment. in the surrounding ••nd. Predictably the

lowest alkaliniti.,. are found in the upland lochs which also

have the lowest pH values. However only .t one .it., Loch

Teanga, was the pH below 6. Loch Ardvule was easily the least

dIlute .ite having _ water conductivity value of aver 2000 fS
cm- t and being 1••• than 10m from the high tide mark must

regularly receive direct input. of .e••alt. from spray.

Ionic analysis of

10



Table :1. Water Cluality measurements and sites distance from

the west or southwest coast~ Sites arm number~d aCGor·ding to

r"b1e 1.

ALKALINITY_l
(ag Ca C0

3
1 )

SECCHI
DISC DEPTH

(

L I 7 ~ ho.o LO. /

I
NDc. I 7.4 23.7 310

3. 1 7.3 24.5 290 ND
i I1 1; • 7.4 20.0 330 1 -i i ~.j

, ~ 1 8.2 04.0 ND/ .
I/ 7.1 11.0 330 NDtJ •
1

i
7 I 7.1 .5 NDi

I
i. ,

1

•

8. I 8.5 148.0 570 NI

9. 8.0 (7.9) .4 .2) 540 ND (L3)

8.6 .4 500 ND
1 10 .
I

360 2.0I" 8.1 .0I .L...L.

I"

I
7.7 .2 290 2.3j .L~.•

I
0.4!

8.2 .0 2,1001 13 .

i 8.0 .8 370 NUi
1

II 8,4 6L4 0.3
I I
I

!
6.8 2.4 230 4.5I

I I 163 3.5• r:::: 7 LO117 .
I

,/. ,

determined where light was > waterND ~ Not

Indicate values from the east basin of Loch Aird na



Table 4. Major cation and anion concentrations lin u _0-' )

in SiH South Ui.t lochs.

+ K+ c.2+ Mg2+LOCH N. HCO Cl
33

Aird na (East) 2343 1095 644 1064 2960 140 260

Briste 1100 594 794 131 496

1700 520 446 310 2360 30 310

Cui the lv10ire 1739 360 437 220 2296 7 297

Kears 5h 1209 180 120 1640 167

981 23 110 255 20 1160 7 233

Ti<ibJf:? Si mpl C~ ffiiZ:'Itr'i H ic;r'

characteristics Estimated for" eact, 0+ the

I
Max I Mean Area Volume !
Depth Depth

3 I
I

(m) !. ) ) (m )\m

\

I Mean \ O. n:lt..X I
I

I
Area (m2 ) 0.07 0.01

Volume \ 0.71
x

0.70x 0.56
x II ! II

I Distance (Km) 0.89
xX 0.8SxX o. 0.66x

!

x p :::;; > 0.02 xx p = > 0.001



,::;od i urn, c:alcium t mClgnesium, chlorid~ and blcarbonat~ to be

4). Corresponding with the

(sea T"'bla 31, the.e ions

the major Ions present n"'ble

conductivity and "'lkallnlty values

are pc~s.nt at relatively high

coastal machair lochs and the lowest

ccmcentr",ti ons

(.1ccur In

in the

those

loch. fucthest fcom the west coast such "'SI Loch Teanga.

Sulphate concentrations are an eHception showing no

coccespondence with conductivity DC with the other vacl"'bles

listed in Tabl. 3. Chloride Is the predominant Ion ",nd is

present at a concentration of

samp 1 e •• Concentr<i\tlons of

than 1000 l-I eg 1-1 In all

calcium and nitrate ace

notably high In the two coastal lochs Brlste and Alcd na

alrbh but nitrate .hows the gre",test vaclation.

The di",toms

Diatoms valve. in surf",ce sediment sampl.. from ••veral

less common species difficult.

blackland coastal

identification of

lochS wece very fragmented making

In Loch

Eileen for eNample virtually all the valv•• present wece

broken. Thi. bre",k",ge Is probably ",ttrlbutable to the

exposed and shallow nature of these .ites where vigorous

11



wind induced surface sediment resuspension must be frequent.

sediment ( cf. Table

Interestingly, in the sandy deposits

where light penetrates to the bottom

of machair loch.

31 diatom valves were usually

indicates that here the

mainly as a living community

complete and undamaged. This

sampled di.toms were pr••ent

wher.a. those diatoms sampled

in the peaty blackland loch sediment. were pre.ent ••• d.ad

••••mbl.ge.

The di.tom taxa identified in each

.ample, including an additional .ampl. from Loch Rird na

Sgairbh( East ba.inl, are mainly periphy~tic in habit and are

listed in the appendix. The distribution of the most frequent

.pecies are shown in Fig. 6 where .it.. ar. ordered

according to water conductivity and pH. Sediment sample.

from ten coastal lochs with high water conductivity and pH

valu•• , Ardvul., Duin Bhig, Aird na Sgairbh, We.t Loch Ollay,

Cui the Moire, Cill. Bhanian, Ni e, and Mid and Ea.t Loch

Ollay are all dominated by one .peci.s, Fragilaria

elliptica, The dominance of Fra;ilaria elliptic. is

d,splaced by Cocconei. placentul. in three coa.tal loch.

Hallan, Bri.t. and Li.n. Moire. Achnanthe. minuti •• im. and

A. microc ala occur in most .ampl •• but are particularly

abundant ,n Loch nan Capul. Only in three of the co.stal

12
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lochs, Liana Moire, Briste and Nan Capul, are the di.tom

assemblages not dominated by the Fragilaria-Cocconeis group

but by A. clevei and C. lacentula by eyclot.lla

ps.udostelligera and F. elliptica and by A. minutissima

respectively. Fragilaria Vir ••CBns w.s the most abundant

diatom in the sampl.s from lochs Trosraidh and K••rsinnish.

The two .astern lochs of lowest conductivity and pH contained

substantially different flor •• with Eunotia veneris common in

Kearsinish and AnomOBoneis vitr•• abundant in Loch Te.nga.

The planktonic diatoms, Cyelotella spp. and Stephanodiscus

spp., only eNceeded 10X total frequency abundance. in two

sit.s, Loch Briste and Mid Loch Ollay.

are considerable

Although the

.ame at all the

abundant

coastal sites

diatom

there

species are the

differences between the less common diatoms, For example in

lochs Trosaraidh, Cille Ehanian and Nan Capull the less

frequent speci.s include Tabellaria flocculo.a and Fru.tulia

spp. and Eunotia .pp., all indicative of acid environments

Icf Hustedt 1937-391, This effect i ••lso demonstrable to a

small degree within a site by comparing diatoms from the hard

sand bottom of the west sub-ba.in with thos. in the black

detrital mud of the rocky ea.tern sub-basin in Loch Aird na

Sgairbh

13
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are common to both s.mpl~. but, although rar~. Eunoti. spp.

only occurred in the .astern .ample (cf. water quality

Table 3). However, the overall taxonomic similarity of these

and all the machair loch ••mple. i. evident even though

available periphytic habit.ts .re often very different.

To produce an overview of the relationships between diatom

specie. abundance and speci.. occurrence at all the sit••

the multi-vari",te liiItati!!>tical DECORANA "'nd

TWINSPAN (Hill 1979) were employed. First to ordinate the

dat", , and third to construct a hierarchical cl ••• ific.tion of

the .ites according to differentiating or indicator .pecies.

The analy.is produced clearest re.ults when the percentage

specie. data was transformed into abundance level. and no

down-weightings given to rare speci ••• The speci •• ordination

produced a good separation of the taNa along DECORANA aNi. 1

when plotted againBt (Fig. 7) , Thewe two aNe.

accounted for 66% of the tot.l variance in the data. On aHis

1 comman diatom& such as Fr ilaria elliptlca, F. virescen.
~

and F. construen. have intermediate .core. whilst Coccon.is

lacentula and planktonic diatoms (Cyc1otella

pseudoetelligera and St.phanodiecue spp. ) low

Amonoeoneis

vitrea, Eunotia veneris and Achnanth.e recurvata, .11 have

14
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Figure 7. DECORANA ordination of diatom species occurring in

the surface sediments of the 17 South Uist lochs. Individual

.peci •• Br. indicated numerically and symbols are according

to the TWINSPAN .pecies cla.sification (cf. Fig. 9 and •••

teNt).



high scores. Ordination of the sit.s according to the

diatom assemblages also produced the b.st separation along

and .:ar'" classifi!2d into five groups (see

dotted enclosures, Fig. 81 by TWINSPAN (Fig 9), indicator

species and abundance levels are also given in Fig. 9. The

lochs T.anga and K.arsinish are removed first by the TWINSPAN

classification, confirming that the diatom assemblages at

these sites are SUbstantially different from those at other

site•. The next division occurs b.twe.n tho•••it•• which

have a high abundance of Fragilaria vire.cens or Cocconeis.
lacentula. The final uSlilful

those whlilre pi ilmktoni c species Stephanodi SCLts

invisitatus and S. hantzschii are common (group 11 and those

sites where periphytic forms occur viz. Achnanthes clevei

(group 2), Fraqilaria elliptica (group 31, and Tabellaria

flocculosa (group 41, as indicator species. Applying results

of the TWINSPAN r.ite clalllsific",tion to the sp€?cies

ordination plot see symbols on Fig. 71 shows that species

4 ..nd 5 ..re cle.wly

separated along axis 1

not, .

where.s those in groups 2 and 3 are
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GROUP 5

SITES 16.17

Frustullo rhomboides 3
Anomoeoneis vitree 5
Cyclotello comta 2

SITES 2.3.12
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Tabellorio flocculosa 3
Eunolla exlguo 1
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soxonica 2

I SITES 1
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Coeeoneis plaeentulo 4
Fragilario eonstruens 3
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8 ctJ
I

SITES 1 5.8.
10,1315

Coeeoneis plaeentula 4
Stephanodiscus invlsitotus 1
Cyelotella meneghlano 3
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GROUP 2 GROUP 1 zsc" 2 GROUP 3
~-- ---~--

Flgur. 9. TWINSPAN classification d.ndragram of the 17 site.

South Ui.t lochs based on the surface sediment diatoms.



DISCUSSION.

Advanced digital mapping techniques were employed to produce

high quality bathymetric contoLtr map. of .elected loch

ba.ins and reliable e.timates of morphometric parameters such

computational techniques are

mean depth. The

thos. described by

version of the

li>imil<!1lr to

098:5) butBattarbe. et al.

as loch volume,

contouring algnrithm has be.n incorporated into 8 graphic.

software package that i. now commerciAlly aVAilable (MAPleS

O••pite the computational precision with which the

morphometric calculaticJns are made there are several scurce~

of error in the results arId all are ~ consequence of tt,u

field dat;iI. In sever"al cases where a loch possesses one or

more islands there are no depth points between the island and

the shore-J.ine so causing contolJr lines to be constrained to

pass on one side of the isl~nd~ This effect was particularlY

2CIJte in West l_cch Ollay ar,d necessitated removal o·F all the

islands from the data set and re--computation

of contolJrs. Inaccessible bays and ct,ann~15 associated with

16



f;;l 1 within the first depth contour iine. Perhaps the most

~;er'iOL\5 critisims ~r'e rlnt of the errors directly associated

wll'.h but. concern the

r f1FWesentati vi ty of mnrphomptr- i c parBmeters calculated

fr"om data collected on CJne occasion only~ FQr~ C':.?H .:amp 1 E?,

VD 1 \!mF:~:, ~ and 5l!rface are~s of the groLlnd water

m~intained st,allow West coast lochs fluctLlate considerably

tloth seasonally and annually according to rainfall. ~'4ence.

wIthout some knowledge of these changes it is difficult to

comnlsnt on possible changes in loch water level caused by

1 rnpr"oved is evident from this

sllrvey that a substantial lowerIng of the water table in the

mact,air region by O.Sm wOI~ld cause several lDchs, Nan

1.111, Trosaraidh, L.iana Moire to virtllally disappear.

Several stuliies Q,F relatior1ships between various morpt,ometric

lm:hs generallyScottish

lochs an Shetland IGeorgs ~ Maltland 19841

eGorham i9581 and

hi"ve been made.

ite doubts concerning seasonal ,'I ucte,ati ons,

r"elationships between estimated morphometric parameters of

th!::? Sout.h Cii ';C;t lochs and clistance ·from the west coast are

examined in Table 5 using simple corr-ylation analysis. Not

surprisingly, mean and mawimum depths are highly correlat.d

and both are correlated with

17
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co<>st. Unfortun<>tely sites sllrveyed is

insufficient to attempt separation of the maNimum/mean depth

relationship according to basin type lcf. Gorham 1958). Loch

volume is positively linked with the depth paF~meteFs but

stFongly with loch aFea. interestingly no

signiflcant correlation occLlrred between loch sUFface area

and depth. This unusual feature of the data set arises from

the abundance of machair and blackland lochs that vary

greatly in area (O~5'-32~8 ha) yet are all less than ~?~5m

deep. Consequently, the supposition that in studies of island

lochs it should be possible to predict morphometric

char_cteristics simply from m~p measuFementB of Burf_ce _re_

ISeorge & Maitland 1984) is not substantiated her•.

For freshwaters in a maritime climate, the effect of distance

in the direction of the prevailing windl;

on wat"r qU,\lity (p,3rticularly conductivity and pH), is. w,,] I

19~57 , 1961 ,

Thi"1984) •1983,

1955,

Sutcliffe & Carrick

GrJr~hc.im

1982,Flowe'"

distance effect nn wst"r quality in the South UI.t lochs i.

clearlY Evident from the water chemistr'y data and is fllrther

distanCE from thp west

wher·e pH,

andsignificalntly

(Tab le to),

CClOducti vi ty

correlation .nalysis5UppOF"ted by

idkF.;]initY1

rlf2qati vel y

18



T.bl. 6. Simple carrel.ticn coefficient matrix

quality varl_bl •• in the ••vent ••n lochs and

distance from the weffit er &cuthwast cc~st&

pH ALKALINITY CONDUCTIVITY

Alkalinity O.96xX

Conductivity O.70xX 0.66xx

Distance - O.56X - o. _ 0.96xX

I

x p < O. xx p 0.01



tr~n5'Formation of the data improved correlation

coefficients considerably, indicatinq that within the

coast.al fringe water quality, particularly

ewponentially with di~tanc. from

conductivity,

the C:O.!lst. As

ewpected, pH and alkalinity are closely correlated and the

small variance of the correlation is probsbly sttributable to

photosynthesis effect •• Water conductivity is weakly related

to pH and alkalinity but shows the strongest negstive

correlation with di.tance, where:

log conductivity( }'S2C,"cm-'l~2.8-0.38~logdi.t"nceO,m)

S. E. a +/-0.07, r 2 • 0.92, n. 17

Over one hLlndr~d years ago, Smith

propor"tion of sea salts increased

(1872) recognised th"t the

in precipit.tion towards

the crJast and additionally that chlorides and sulphates also

incr"eased In al~eas o-F indLJstrial pollution~ The sources of

nIB,jOY Ions in SOL.lttl Uist water samples can be indicated by

comparIng their ionic ratios with these in seawater (T.blt'

7). It. is clear that the sodium:chloride ratios in the loch

waters are very similar to thi,t in 5saw"ter and •• the

red or sand la~~e basins precludp significant

c,~tchmeni: these ions their presence can be

reasonably attribl~ted to the deposition of wind-borne sea

sa.l t!:;. iC'Hlic ratios cl'

19
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T<1ble 7. Ionic ratios of sodium with other ions in SiN South

Uist lochs compared with those in se.water.

Na:Mg 3.7

Na:K .1

Na:Ca 2.0

Na: 4 .11

Na:C1 0.7

Na: .7

ION
RATIO

LOCH
DRISTE

LOC
-
H AIRD NA LOCH LIANA LOCH LOCH ..
SOAIRRH MOIRE NIOHE KEARSINISH LOCH TlWIGA SEA WAI'ER
---

3.6 h.o 3.8 3.3 3.5 h.3

.6 31.6 31.5 43.2 .7 46.8

2.1 4.6 3.3 6.7 8.1 22.8

8.4 5.9 5.5 6.5 3.8 8.3

0.8 0.8 0.7 0.7 0.8 O.e

.7 .4 .7 13.1 .0 >

• from & Skirrm,/ (



sodilJm,potassium also indicatB a prBdominantly marine seurCB

for these ions, thB ratios are however all le.s than in thB

sea indicating small terre.trial contributions of magnesium

anc:l ( c::f • 1955) ~ significantly 50 for

potassium in l_Gctl Briste~ The Godium:calcium r~tic is very

low in the coastal lochs due to high concentrations of

calcium (.e. Table 41. The large quantity of wind-blown

bivalve .hell debris on the South Uist west coast and in the

machair is well knrJWn (Richie 197'rl and doubtless accounts

for the relatively high calcium levels in these sites.

Similarly Gorham (1961) attributBd high calcium levels in

dune .lacks on the north English coast to the pre.ence of

calcareous shBll fragments. Calcium then is, like sodium,

li\r'gE:ly supplied to th!?sp coast,aI fresd'lw~ters:; fr'om thE' £:~.c:a

but indirectly &0 through the di ••elution of biogenic calcium

C2\)" h01"idtp. Thi'i,; abunc1i3nCE} of ca] c::i urn cft,\!'"'honi'tt,p i lii; 1 arqeI y

l~espor'5ible for- tt,e t,igh pH and alkalinitie~ of the coastal

lochs. In the lochs clf Bout h Ui £;1

biogenic calcium is scarce gO that the sodium:calctum ratio

15 cOF'respondinqly higher and acid drainage from

wit.h low pH and i11 ki.Jl initv.

Interestinqly, In th~ Shetland Islands where shell rich soils

ar-e le~;5 cornmOfl the lochs are predominantly acid, have low

19131 ) .

1 y co] Clur pd
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fhc? vat'" i i?S f::1imilarly to that of

surllllm:calcium, heinq consideratlly lower than

,'\ppf:""rs to bel unrE:l,;,(tr-:~d to clis·tanc:'(·? fr'om the ~sea and, in thf~'

0tJSerlCR o'F any knowr1 ma,ior sour-as of atmospheric pollution on

tt10 excess over the marine contribLltion appearsC;u\(th !li!;:;t~

i-c) bp dej"'ived From catchment sourc~s. It i;; noteworthy that

in sites containing a

quantity of decaying vegetation (Loch Bristol

CiF"" wh€-?re orosion is occurring (Loch T.Bngal.

s;odi um: n:i. t.r·;,~t(~ in the lochs are r.tr"ikingly

d 1 ++(','t" (·::,)n t: that in are cau~:;ed by

relativAly hioh cancentr2tior1S of nitrate in the loch water.

T~lis indicates very significant contributions of

of agricultural

fplc'tilizcrs applied to the sandy $oi15~

MOc;t of the species of diatoms found in the sUI~face sediment

samples are periphytic in and pI imkt.nnic forms W8re

uncommon~ Al!;o, di w,rs;i ty low,

pay"ticularly in the shallow machair lochs, where over 50% of

the diatom assemblages was accounted For by bet.ween one and

~5pec i e::5. This,

21
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frustule breakage, the diatoms in these

samples consisted predominantly of living cell. attached to

sandy sediment. Planktonic were only

common at Loch 8ri.t. and Mid Loch Ollay and the pccurrence

of Steehanodi.cuE .pp. and eyelotslla pseudo.telliger. at

both thess sitss may indicate agricultural enrichment lcf.

Platt Br"adbur"y 1976). However the occurrence of these species

,n Ardvule is more probably linked to nutrients leached from

decomposing s.aweed at the seaward end of the loch.

DECORANA ordination of the .pecie. abundance and occurrence

data produced good separation of speci •• according to site

indicating that the diatom a ••emblage. are related to one ar

more environmental fac:tDrs~ The pas.ible relationships

three a~:ps o'f thp site oY'dination with

qUI~]ity 211d with drainage mor CJmctl''' i c:

ITable 81. The three water quality variables pH, alkalinIty

and corldLlctivity, are all significantly related tu DECORANA

axis one Oflly ar,d the ran~~ correlation with conductivity was

thF' mC:l~:,t O~OOl)~ No siqni'ficant

occurred between the ordination

1 ueh

at 1.a.t the diatom ph aolanl:ton
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n+ coe++icient. 0+ rank

qLt':i\l it y bathym'iltr i c:

I·'tlaral:~tpristics and DECORANA scores for awes one~ two and

1
AXIS 1 AXIS 2 AXIS 3 I

i _O.71xx o. 0.24i
i

-0.57
x

tAlk-a 1 0.12 0.19i _.• ~

j"n,],"t; .0"_, _0.75xXX
0.02 0.04'_"'JD\..dl; ~ \} J.. L.J

IM'ix 0.41 -0. -0.02I' ..
It';lean 0.29 -0.38 0.06,

IAcea 0.16 O. -0.02

I,

=< 0.02 = < 0.01 = < 0,001



lppe~rs to be l.,tnrelated to morphomatr"ic -Factors. In -Fact -For"

'lCll.lth IJist planJ~tonic diatoms is

highest in one of the smallest lochs (Loch Bristel for

which high nutrient input•••em tMe mnst li~ely explanation.

The environmental significance of DECORANA scores on aues two

dfld three is Lln~~nown althoLAqh nutrient concentrations

some importance.

!~onsidej~able variation in diato.n communities can occur within

a site according to substrata (J~rgensen 1948, Janes and

19861. However speci.. composition of the surface

sediment cjiatoms in the South IJist lochs seems remarkably

independent of substrate type as little floristic difference

occurs betweer1 sites lying in sand or in rock basins where

water quality is similar. An exc.ption may be the abundance

of Cocconeis placentllla ever Fragilaria elliptica in several

sampl.s, particularly in lochs Hallan and Lian~ Moire.

This could possibly b. explained, not from water quality

varIation, bllt by an over-representation of di.toms supplied

from locally abundant stand. of Potomogeton at these sites

lJnpub.)~ appears

where the

(F"lower,

epi yton

Water

dominated by

transparency

c. placent"l.

to be

Llnimportant in determining specie. composition of the

surface .ediment diatom a.semblage. in South Uist locMs.

23



Despite the highly significant correlation of DECORANA ANis 1

with water cnnductivity it i. not po.sible to ~~p.rate the

effect. of conductivity from tho•• of pH and alkalinity ••

all three variable. are co-related in in the.e waters lcf.

T.ble 61, Nevertheless, water quality s.ems to be of primary

importance in controlling the distribution of diatoms in

South Uist fr.shwater. even where large difference. in

substrate. occur. As diatoms are good indicators of both

such as occurs on South Uist. the resulting

.alinity and pH it is likely that, over a range of sites

distribution ef

diatom taNa is • response to an ecologically effective

combination of these water quality variables_ The c~langes in

speCIes OCCllrence~ according to the water quality gradient

aC~05S ttlP island, is impor'tant Bnej allows the sites to be

cl~ssjfjed ecologically into five groups (where group 5 sites

are of relatively low condlActivity and p~!)_ However, whether

this cla.sification of the loch. of South Uist is more er

less appropriate than one based on physical (et Gecrge &

Maitland 19841 or chemical attribute. CGorham at al. 19831

~wa]ts eva]llation according to the poss~b]e ways in which the

site~; may r-espond to flltlJre disturb~nces.
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APPENDIX

LISTS OF DIATOM SPECIES AND FREQUENCIES IN SURFACE SEDIM}l,TS OF
THE SOUTH UIST SA!1PLE LOCHS.

SITE 1 LOCH BRISTE

FREQUENCY (%)

11. 7
11. 7
10.0
10.0
6.7
5.0
5.0
5.0
5.0
5.0
5.0
8.8
8.8
3.3
1.7
1.7
1.7
1.7
1.7
1.7

Lyngc
Lange-Bertalot

Kutz.

Ehr.
pseudostelli'dera Hust.

Sehum.
!nvisitatus Hohn & Hellerman

Grun·
Breo:

Kutz.
Vlrescens RaIfs.
vaucheriae (Kutz) Boye Peterson

seminulum Grun.
Kutz.

construens (Eh~) Grun.
Kutz.
( W. Smith
58ima Kutz ~

Grun.

Cocconeis

Sp.
Diatoma tenue v~

trivialis
IJavicula viridula

Navicula
Nitzschia
Achnanthes nU.nUll:;

Achnanthes

SITE 2 LOCH NAN CAPULL

40.5
12.2
6.8
5.4
4.1
4.1
2.7
2.7
2.7
2.7
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

Peterson

EhI'.

Achnanthes Jinea1'i8 W~ Smith
5 (Rabh) C1eve
Heribaud

Tabellaria flocculosa (Rotr~) Kutz~

v. I ( C1eve
GrQ.Yl~

Meister
(Kutz0 O. Muller
(. Rabh.

(Ehr.) Grun.

Navicula sp.
Navicula s Hust.
Navicula Grun~

Navicula pupula Kutz~

Sp.

Eunotia veneris
Eunotia

Achnanthes ssima Kutz.
virescens Ralfs~

Achnanthes SaXOTIlCa Krasske
vaucheriae (KutzJ

Cocconeis EhI'.



SITE 3 LOCH TROSARltIDH

Navicula Petersen
Navicula hassiaca Krasske
Nitzschia fonticola Grun,

FREQUENCY (%)

87.5
.8

8.8
5.6
5.6
5.6
E.2
2.8
LE
LE
LE
LE
LE
LE
1.4
LE
1.4
LE
LE

Lyngb.
Krasske

O. Muller
(Ehr.) Grun.

Sehum.iea
(

virescens Ralfs.

Eunotia venerlS

SPECIES

Tabellaria flecculeaa (Rot~) Kutz.
Ehr.

Achnanthes minutissima Kutz.
Achnanthes linearis W. Smith
Achnanthes m Grun.
Achnanthes sublaevis Bust.
Fillomoeoneis vitrea ( Ross

sp.
Diatoma tenue v. tlongatum
Frustulia s v

Navicula tri s

SITE LOCE AN EILEAN

~.cc
17.8
12.3

8.2
5.5
E.l
4.1
2.7
2.7
2.7
LE
LE
LE
LE
LE
1.4
1.L
LE
LE
LE
1 .. 4
LE
LE
LE

Kutz.
Grun.

(Kutz.) Rabh.
Soya ReternOD

Steamer & H8.kanssen
Kutz.

Ralfs.
Sehum.

Enr.
A.

construens
Eunotia pectinalis v

vaucberiae
YUdUUU.~scus parvus

Achnanthes minutissima
Achnanthes sp.
Achnanthes Grili~.

Ac:hnanthes s,axonica r;.rasske
Achnanthes lanceolata

Kutz.
Grun.

j ntricatum Kutz.
smith Th\\;lnts

Navicula veneta Kutz.
Navicula pseudoscutifoTInlS Rust.
Navicula viridula Kutz~

Nitzscbia (Kutz) W.. Smith
Tabellaria f1occuloca ( Kutz.

SITE 5 LOCH tL4.LLAN

Cocconeis Ehr.
Schum.

.8
9.1



SITE 5 LOCH F~Lft~ Contd ..

SPECIES FREQUENCY (%)

1.1

6.8
5.7
3.4
3.4
3.4
2.3
2.3
2.3
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1

1.1
1.1
1.1

construens (Ehn) Grun.
virescens Ralfs.

Achnanthes c'leve-i GTill1.

Achnanthes c A. Mayer
Navicula veneta Kutz.
Fragi1aria vaucheriae (Kut4) Feterson

s;mithii Thwaites
Navicula radiosa v. lene11a (Breb.) Grun.
Achnanthes minutissima Kutz.
Achnanthes sp.
Achnanthes l-anceolata Breb.

s sp.
Cymbe11a ventricosa Kutz.
Diat ama t enue \j

ova1is (Hi1se) Cleve
( Cleve

Grun ..
Navicula sp.
Navicula Grun.
Navicula clementis Grun~

Navicula viridula Kutz ..
J Grun.
microchphala Grun.

pulchella Kutz~

rumpens Kutz.

SITE 6 LCCH NA CUITHE MOIRE

48.1
8.6
7.4
3.7
3.7
2.5
2.5
2.5
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2

Schum.

Ehr.
Thwaites

laria t ica
Cocconeis placentula

laria v
Acananthes

Ehr.
Ralfs~

Grun.
construens (Eh~) Grun.

Kutz.
Ehr) Kutz.

Hust.
Achnantbes minutissima Kutz~

Achnanthes rostrata Ostrup
Achnanthes I s W. Smith
Ca10neis si1icu1a (Eh~) C1eva

ovalis (Bilse) Cleve
zebra ( Kutz~

y. minor (Kutz ) Rabh.

1-1elosira
Navicula Rust ~

Navicula Grun.
Navicula Lange-Bertalot
Navicula (Ehr) w~ Smith
Nitzschia terrestris (Petersen) Hust~

Stauroneis producta Grun~

Si se us lninutula (Kutz) Round



SITE 7 LOCH NIGHE

SPECIES FREQUENCY (%)

54.9
.2

2.5
1.6
1.6
1.6
1.6
1.6
1.6
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8

Cleve

Hust.
Kutz.

Kutz.

Krasske
RalfSe

Grun.

Sehum
Ehr.

Vlrescens
construens

s v, minor Kutz) Rabhe
(Kutz) Boye Peterson

Navicula (

Navicula
Achnanthes
Achnfu'1thes umara Carter

!aneeo~.a

lndifferens Bust.
Aclmanthes m-inutissima Kutz e

Achnanthes sp.
Achnanthes saxonlca

SITE 8 LOCE NIt LIANA MOIRE

19.3
12.0
8.4
4.8
4.8
4.8
4.8
2.4
2.4
2.4
2.4
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2
1.2

Grun.

ROll.'ld

Grun e

Kutz.

EhT.

Grun.,

lanceolata
Caloneis sp.
Cocconeis p EhT.
Diatoma tenue v.

construens
Navicula veneta Kutz~

Navicula t

Navicula (incta
Navicula r

Sehum.
v.pediculus Kutz.

Achnanthes minutissima Kutz.
a zebra Kutz.

j ntrieatum Kutz.
smithii Thwaites

Achnanthes Grun.
brevistriata Grun.

Navicula radiosa v. tenella (
Kutz.

W. Smith
Kutz.

SITE 9 LOCH AIED itN (West Basin)

lea
vlrescens

laria construens
NavicLua veneta Kutz~

Schum.
Ralfs·

( Grun.

39.1
11.6

7.2
5.8



SITS 9 LOCH AIRD .~~ SOAIRBH (WEST BASIN) Contd.

SPECIES FREQUENCY (%)

4.3
4.3
4.3
2.9
2.9
2.9
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4

Ehr.
Dankin

Cocconeis
Navicula
Navicula t s Lange-Bertalot

zebra ( Kutz.
pinnata Ehr.
vaucheriae (KutzJ Boye Peterson

Achnanthes haukiana Grun~

Achnanthes (levei Grun.
Achnanthes sEixonica Krasske
Cocconeis disculus Sehum.

meneghiniana Kutz.
Navicula pseudoscutiformis Hust.
Navicula hungarica Grun.

g A, Mayer
Ni tzschia Rust.
Tabellaria flocculosa (RothJ Kutz.

SITE 9A LOCR AIBD ~1 SOAIRBR (EAST BASIN)

36.4
22.2
6.1
4.0
3.0
3.0
3.0
3.0
2.0
2.0
2.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Muller

Hakansson
(RothJ Kutz.

Kutz.

Sebum.
Ralfs.

(Shr.) Orun.
Ehr.

Grun.
Grun.

Breb.
Kutz.

minor (Kutz.)
Berg

Grun.

Ehr.
Ehr.
Lange-Bertalot

Orun.
Krasske

Grun.

SI'.
j,anceolata

v..Lrescens
construens

(levei
5

rragllay'yS pinnata
Navicula trivialis

Cocconeis
Amphora ovalis v
Cocconeis

Achnanthes
Achnanthes
Navicula
Nitzschia ."'yL,.bia
Achnanthes haukiana
Achnanthes
Achnanthes

O.
iformis Rust.

parV'.lS Stoermer &
Tabellaria flocculosa

SITE 10 LOCH OLLAY-WEST BASIN

Schum~

Ehr.
Achnanthes (levei Grun6

ovalis v Kutz ~

radiosa v renella {BrebJ Grun6
Achnanthes haukiana Grun,

Grun"
A.Mayer

51.5
12.9

5.9
5.0
5.0
3.0
3.0
3.0



SITE 10 LOCH OLLAY ~ w~ST BftBIN CONTD".

SPECIES (FREQUENCY%)

Sp.
Acrillanthes rostrata

virescens
Navicula scutelloides
Navicula
Navicula rrivialis

Kutz.

Kutz $

Palfs
H~ Smith

Kutz.

2.0
2,0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

SITE 11 LOCH CLLAY ~ MIDDLE BASIN

45.5
.2

7.1
5.1
5.1
4.0
2.0
2.0
2.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Cleve

Grun"

formosa Hassall
Cocconeis disculus Schurf!.

t Schum~

Cocconeis pLacentula Ehr~

romta (Eh~) Kutz~

virescens Ralfs
Ehr~

Grull~

Kutz~

Grun~

Ehr~

(

Achnanthes
Achnanthes (levei
Coc-coneis

Hust.
(Kutz,) Boye Peterson

ViTidis (Nitz Ehr~

Ste1,hllmOG1SCUS minutula ( Round
Stoemer & son

construens
Achnanthes hauk.iana
Achnanthes lanceo1ata
Iil,'prlUlra ovalis ij I

12 LOCH OLLAY - EAST BASIN

30.1
1.5
6.5
6.5
5.4
5.4
5. h
5.4
3.2
3.2
2.3
2.2
2.2
2.2
3.2
1.1
1.1
1.1
1.1
LI

Comb.

Thwaites
(Kut Round

Kutz~

Pabh.
( Grun~

Kutz.

Schum~

Krasske
v rhermalis Nov.

Kutz~

Ehr~

PaIfs.
Ehr.

Kutz.
vJ~ 8mith

(EhrJ Kutz~comta

Achnanhes minutissirna
Achnanthes s

construens
intricatum

Tabellaria flocculosa
Achnanthes rostrata
Achnanthes 5tlfiU,,"'Ctl

Anomoeoneis
belvetica Kutz~

brevistriata Grun~

Frustulia rhomboides V saxonica (RabhJ De Toni

Denticula tenuis
Eunotia r:

i'tchnanthes
Cocconeis



SITE 12 LOCH OLLAY - EAST BASIN Contd •.

SPECIES (FREQUENCY %)

Navicula sp~

Navicula
Nitzschia fontico1a

bberu1a

Kutz.
Grun.

( O. Muller

1.1
1.1
1.1
1.1

SITE 13 LOCH ft,BD\!lJLE

SCblLlTI •

Ehr.
Kutz~

Diatoma renue
Navicula t s
~teIJh"nodlscuS Hantzschii Grun.
Achnanthes lanceolata
~ceI,ncnc)ulscUS invisitatus Hohn & Hellerman
Achhanthes sp_
Caloneis sp.
Achnanthes clevei Grun~

Navicula veneta Kutz.
Navicula Grun,.
Achnanthes haukiana Grun~

Aclmanthes saxonica Krasske
Achnanthes delicatula Kutz ~

he1vetica Kutz~

Navicula radiosa v~ tenella (Brtb.) Grun.
Nitzschia palea ( W. Smith
Nitzschia a Grun.
Nitzschia mi GruD*

nnorh martyi Heribaud

28.T
IT.8
8.5
T.6
5.1
5.1
4.2
4.2
2.5
2.5
LT
LT
1.7
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8

LOCH CILLE Bl-IJhNIAN

2.1
2.1
1.1
1~1

1.1

2.1

22.3
9.6
6.4
6.4
4.3
3.2
3.2

3.2
2 t 1
2.1
2.1
2.1
2.1

Grun~

Rabh.

Schum~

Kutz.
( Grun.

Kutz.
Krasske

SchtLTTI .
Grun~

Ehr~

Thwaites
renella {

s Hust~

Achnanthes saxonica
Cocconeis Jisculus

smithii
Navicula radiosa v~

Navicula
Achnanthes rostrata
/lchnanthes s W., Smith
Achnanthes clevei Grun.,

t 11 ica
Aehnanthes minuti 5sima

construens
Navicula s Grun~

Achnanthes sp.
ovalis v. Kutz.

Cocconeis placentula Eh~

Eunot ia v. m'inor (Kut
Navicula r ndifferens Rust.
.t\chnunthes Hi ie



SITE LOCH CILLE BHANIfu~ Contd. ~

SPECIES (FREQUENCY %)

1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1

De Toni

Rust.

Kutz.

(Kut Crun.
Hassall

Rust.
(Fetersen)

Grun.
rerrestris
fonticola

comta Kutz.
helvetica Kutz~

hebridica (Gregory) Grun.
avaIis (Hilse) Cl eve
brevistriata Grun~

rnombaides v. saxonica
Dankin

Grun.

Nitzschia
Nitzschia

Cymbella

Navicula clementis
Nitzschia

Achnanthes flexella
Asterionella fJrmosa
Caloneis sp.
Cocconeis sp.

Frustulia
Navicula

Heribaud
Tabel1aria f locculosa (

SITE LOCH DUIN BRIG

3.5
2.7
2.7
2,7
1.8
1.8
lB8
1.8
1.8
0.9
0.9
0.9
0.9
C.9
0,9

63.7
5.8

4.4

Grun*

Hohn & Re11erman

Grun.

(Hi1se) C1eve
Ralfs~

(

Kutz.

virescens
( oDstruens

Navicula pygmaea Kutz.
! nvisitatus

Kutz$

SChUXfl.

Ehr.
Kutz.

cycepna.nclCUSCUS hantzschii Grun.
Achnanthes minutissima Kutz.

ltomus Rust.
Navicula Dankin
Caloneis Sp.

clvalis

Navicula sp.
Achnanthes haukiana
Achnanthes sp.
Navicula c1':i11S

3ITE LOCH KEf-tRSINNISH

virescens .4
9.8
7.6
5.4
5.4
4.8
4.8
3,3
2,2

De Toni

Ralfs.
O. Muller

Schum.
\·1. Smith

Kutz.
Ross

v. 5 axoniC'a
"Grun.

Kutz.

c iea
Achnanthes lineari s

(oruta
Anomoeoneis vitrea
Frustulia rhoruboides

comenS1S
helvetica

Eunotia pectinaJ.ls v.minor (
Achnanthes minutissima Kutz.
Achnanthes flexella {I\ut Grun.
Anomoeoneis v. thermalis

gracilis Cleve
(esatii ( Grun~

Eunot ia robusta Ralfs.

Rabh.

Nov. Comb.

2.2
III
1.1
1,1
1.1
1.1
1.1



SITE LOCH KRA~SINNISH Contd .. i

SPI~CIES (FREQUENCY %)

1.1
1.1
1.1
1.1
1.1
1.1

( Grun.
W. Smith

aTa construens
Navicula s~utelloides

Navicula cocconeiformis
Nit r~mana Grun~

Pinnularia abujensis (Pant.) Ross
Pinnularia sp.

SITE 17 LOCH TEAIIGA

0.9
0.9
0.9

2'7.3
10.9
lC.O

9.1
6.4
4.5

4.5
2.'7
2.7
2.7
1.8
1.8
1.8
1.8
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
C.9

Ross

GruJ1­
Ross

ox Kutz)
Kutz.

(Breb.) Clove
Kutz

Grun~

O. Mullor
Rabh.

Grun.

(
(

( Breb.)
Ehr~

veneris

Nitzschia Gp.

Eunotia
Eunotia
Eunotia diodon
tiitzschia

Peronia fibula (Breb.
Ac:hanthes minutissima
Achnanthes sp.
fLllomoeoneis s

comta
cesatii

(Grun.) Ro s s
Ralfs.

Achnanthes Kutz.
Frustulia v. s De Toni

(Rahb.) Cleve
v. Nov. Comb.

v (Kutz.) Rabh.
Achnanthes recurvata Rust·

( omen s i s Grun.
Tabellaria flocculosa (RothJ Kutz.
Achnanthes pseudoswazi Carter

A* Cleve

v acuta
(

Pinnularia undulata Gregory
Surire11a delicatissima Lewis






