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Abstract

A survey of the sublittoral vegetation of eight Galloway

lochs in 1985 showed that Sphagnum was abundant in L. Fleet.

It was found in four other lochs, being particularly abundant

in Loch Stroan and Loch Troal. Reference to historical data

suggests that Sphagnum established after 1905, while evidence

from sediment cores indicates a very recent appearance

Cpost-19601 in Loch Fleet. These changes may be a floristic

response to water acidification in Galloway.
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I NTRD[)UCTI ON

An e;,pIoratory study involving comparison between

contemporary fIeld surveys and historical aquatic macrophyte

data concluded that the nutrient status in 8 out of 23

Galloway lochs had declined between 1905 and 1983-84.

lucens) from a number of

Moreover, the 1055 of calcicole species (e.g. Potamogeton

these sites implied a floristic

change in response to water acidification (Raven 1985).

These conclusions were tempered by the fact that only

macrophytes in the littoral region of each loch was sampled

in 1983-84, and that floristic change in response to

acidification and/or oligotrophication in previously

oligo-dystrophic lochs could not be satisfactorily assessed.

It has been suggested that the recent phenomenon of

increased Sphagnum growth in some acidified lakes represents

a floristic change in response to water acidification

(Roelofs et al. 1984). Since a number of lochs in Galloway

are l~nown to have been acidified <Flower & Battarbee 1983;

Batttarbee & Flower 1985) , it is appropriate to assess if

Sphagnunl has increased in this part of Scotland. With the

e;:ception of Loch Grannoch, no sublittoral growth of Sphagdum

was reported during an extensive floristic survey of Galloway

lochs in 1905 (West 1910) • The presence of sublittoral

in 1985 would therefore represent a similar

floristic trend which has been reported in recently acidified

lakes in Sweden (Grihn et al. 1974; 1977), the

Netherlands <Roelofs 1983) and the United States (Hendrey ~,



~~~t.ibll t tOF'al ~nacr-ophyte data 'from 8 Galloway lochs

t,~his papeF"~ vHth the e:.;cel::'ltiorl cvf .. och Fleet,

the s2lnplirlg was rudimerJtary because loacrophytes represented

a mInor' component of a r·eseal~ch pr'oqr-amme which focused OIl

1 rnnc)logicc.\l and diatom data collec'tiof\ and analysis <Flower

1986) . .och FI f?et, however,

data ·bEiS(;O' describing the distriblttion c-f aquatic macrophytes

Samplin<j will be replicated in

1 9H,'::!--· El'?' to assess floristic changes caused by e;.(perimE·ntal

manIpulation ot

bu! n i nq ~

sub-~catchments Involving liming and heather

lochs samp 1 ('}c! 1 n 1983-84 ,·,er e

!~'€,?' -/i ,:;1 ted in which amend those found in thf2

tniti2tl be found in AppE·ndi >: 4.

SIte location and limnological data for each loch

fl\entloned in this

( i '?tih) ..
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Figure 1 The location of the 1984 and 1985 transects
in loch Fleet
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2. L

2. METHODS

Loch FI eet

Three methods were used to assess the distribution of

aquatic macrophytes in Loch Fleet; shore-based vegetation

mappi ng in 1983 (c. f. Raven 1985). quadrat and grab samples

located along transects perpendicular to the shore (July 1984

and September 19851 and sublittoral grab samples throughout

the loch (July 1984 and September 1985).

2. L 1 1984-85 transects

In ,July 1984 the littoral vegetation along eleven

transects located around the loch was sampled using O~25 m M

O~2~; m quadrats (Fig~ 1) .. Three random quadrats were located

at each of four depths (0.0 rn, 0.5 rn, 1.0 m and 1.5 m) and

species cover was estimated to the nearest 10X, with an

additional category (+) for < 5 per cent. The water was

sufficiently clear to permit recognition of isoetid species

but _Sphagnum __~ spp. were I~etr i eved for dryi ng and later

identification. Filamentous algae and leafy liverworts were

also recorded but only identified to genus level.

A systematic and easily replicated survey, which

involved using a glass-bottomed bucket to view vegetation

,.,ithin quadrats located every 2 m along four 30 m long

transects was planned for 1985. However, a high level of

turbidity <secchi disc depth ( 0.5 m) prevented this method

5



Figure 2 Sampling procedure for the 1985 transects
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during the field visit of September 1985. As an alternative,

EI;man grab samples were taken every 2 m along the transects,

and these p,<ovi tied species presence/absence data~

tr-ansects lacated in embayments which were to be

e~perimentally enclosed, the fourth acting as a control (Fig.

1). Each transect was established as follows, a ranging rod

was driven into the shoreline at the current water level and

this repF'esented a reference marker; a rope tied to the

ranging rod was then attached to a large temporary buoy which

was firmly anchored about 35 m offshore; Ekman grab samples

were then taken every m along the transect rope which was

perpendicular to the shore (Fig. 2). At each sample point

along the 30 m transect water depth, substrate-type and a

subjective assessment of plant species abundance (+, present;

A, abundant; depending on the amount ",ithin the g,-ab) were

The shoreline reference markers and direction of

each transect were defined by yellow canes for future

sampling.

Sublittoral grab samples

More than 80 Ekman grab samples were taken during a

sedimentological survey of the loch in July 1984 IAnderson

and Battarbee 1985). Water depth, substrate and plant

species were recorded and each site was accurately located

by bearings from shore-based plane tables.

I~ further· survey was conducted

7
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Figure 3 The locations of sublittoral Ekman grab samples
in loch Fleet, 1984· 85
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complete comprehensive sample coverage of the loch. To

'facilitate this, sampling grid comprising 100 m x 100 m

squares was established with reference to marker flags

aligned arour,d the shore. Grid coordinates in the loch were

marked by temporary buoys. Five Ekman grab samples were

randomly located IfJithin each complete grid square.

Proportionately fewer samples were taken in incomplete

squares near' the shore. Water depth, substrate and plant

data were recorded as before, but the location of each site

was determined from compass bearings taken onto shore-based

reference markers. Due to fog on one occasion and drifting

several temporary buoys, the intended pattern of sample

sites was not fully achieved. However, overall, the 1984 and

1985 surveys provided nearly 200 sample points throughout the

I oc h (F i Cl • 3).

.-", ,--\

.~'". ~- Sublittoral grab sampling in Round Loch of Glenhead,

L. Skae, L. Harrow, L. Howie, L. Skerrow, L. Trool

and L. Stroan.

A strictly limited and qualitative Ekman sample

SLU"·VC?Y in seven other lochs was undertaken in associat~on

with limnological investigations in May and July 1985 (Flower

et a I. 1986). Consequently.~the number and location of grabs

was determined by the amount of time available at each loch

U';ppendi >: 1). ~later depth, substrate and plant data were

recorded and the position of

onto a large scale map~

9
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AssessIng short-'term distribution changes 0"( littoral

mac:r'ophytes: ..

migln811y in 19B~;-84

In 1985. Chanqes in the distribution of

macrophytes were annotated onto photocopies of the

vegetation Inaps compiled

10
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FIGU RE 4 The mean percentage caver of
submergent macrophytes on the west and
east shores of loch Fleet
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3. I~ESULTS

3.1 The aguatic macrophytes of Loch Fleet

Very few macrophyte species were found in Loch Fleet

(Table 1). The rocky shoreline restricted

development of emergent vegetation which comprised ~~

rostr~ata in two sheltered embayments on the western side of

the loch. Sub mergent macrophytes were more abundant in

littoral areas of the western shore where sand occurred more

frequently than along the exposed, rocky eastern shoreline

(Figure4l.

Table 1. Aquatic macrophytes recorded in Loch Fleet during
1983-85.

al Emergent species t

Carex rostrata

bl Submergent species
Filamentous algae
Leafy liverworts
Mosses

lsoetids

Others

(predominantly Mougeotia spp.).
(predominantly Jungermannia spp.).
Sphagnum auriculatum
Sphagnum cuspidatum
Fontinalis artipyretica
Isoetes echinospora
Isoetes lacustris
Littorella uniflora
Lobelia dortmanna
Juncus bulbosus var. flui tans

{J. fluitansl
Utricularia vulgaris

at 18"C.

Ranunculus
the shoreline are

4.5 - 4.6
47-60,1-'5 cm- 1

=
=

t Juncus articulatus, J.acutifloris,
flammula and other marsh plants found along
excluded from this lIst.
pH of L. Fleet in 1983-85
conductivity in 1983-85
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FIGURE 5 The depth distribution Irequency 01 some
sUbmergen! plan! species in loch Fleet 1984-85
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figure 6 The distribution of Isoetes locustris in loch fleet, 1984·85
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A distinctive depth related zonation of macrophyte

species was found (Fig. 5) although the full complement of

L1. ttol"ell a dor~tmanna ----... I soetes

1 acysJ:ri s/Sphagn!o'!:'1-_slP-".. was I ay-gel y conf i ned to the west of

the loch. Furthermore, Littorella and Lobelia were almost

exclusively confined to inshore sandy substrate <Table 2).

Table

es

Sediments ass"ciated with the four
aquatic macrophytes in Loch Fleet.

Percentage frequency recorded on,­
Sands and gravels Organic muds

main

n.

Littorella uniflora 97 3
Lobelia dortmanna 99 1
Isoetes lacustris 51 49
Sphagnum auriculatum 27 73

Ekman grab sample data only

37
76
74
56*

Liverworts (mainly Jungermannia spp. ) and f i I amentous

algae (predominantly Mougeotia spp.) were also largely

confined to shallow waters with algae frequently coating the

underwater portion of Lobel ia stems .. Isoetes was most

abundant further offshore (1.5 - 2.5 m) particularly on the

west side of the loch (Fig. 61. Although Sphagnum was often

retrieved in the same grab sample as Isoetes, it e>:tended

deeper than any other macrophyte and had the most widespread

distribution (Fig. 7).

Despite considerable variation in morphology, which might

have accounted for an erroneous identification of S.

and S.papillosum in the 1984 samples, only

tlfJO species of Sphagnum were present. The bul ky

species S"auriculatum (synonymous with S. subsecunduml

was dominant, occurring in all

17

the Sphagnum samples and
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Figure 8 The depth distribution of 4 aquatic macrophytes along
transects A - D in Loch Fleet, September 1985
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ng prolifically in the north-west embayment. The more

delicate and feathery S. cuspidatum was recorded in 25% of

grab samples containIng Sphagnum.

No liVing macrophytes were sampled below 5 m depth, and

an abr'upt vegc-:?tation cut ··of f point was exemplified along

Tr"ansect D IFi g. 8) • lnblown Molinia spp. debris had

accumulated in a few shallow water sites. However, Sphagnum

debris was found in deeper parts of the loch (Appendix 31.

The sublittoral vegetation of seven other Galloway

lochs.

As in Loch Fleet, macrophyte growth was limited to water

< 5 m deep (Appendix 2). Isoetes dominated the sublittoral

vegetation in Round Loch of Glenhead (RLGI, Loch Skae,

Harrow and Loch Howie ITable 3).

Loch

Tabl e 'C" The dominant sublittoral species recorded in seven
Galloway lochs during 1985.

loch

RlG
Loch Skae
loch Harrow

loch Howie
Loch Skerrow
Loch Trool

Loch Stroan

Dominant littoral
_~._speci=e=s_-__

lobelia dortmanna
lobelia tiortmanna
Lobelia dortmanna,
Juncus flui tans
Lobelia dortmanna
Lobelia tiortmanna
Juncus fluitans

Schoenoplaetus
1 acustri s

Dominant sublittoral
as

lsoetes lacustris
lsoetes lacustris
lsoetes lacustris,
Juncus fluitans
lsoetes lacustris

?
Juncus fluitans,
Sphagnum aurieulatum
Sphagnum aurieulatum

- (Raven 1985).
7 insufficient tiata due to rocky substrate.

J un c u s,,-_-=b'.';L=..'l=-=,b'.';o:.s=.;:.us var ..

19
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';llblittor-al spec:ies in llJCtl Tr'oc11 and was locally abundant in

rilE rocJey 5ubstrate at the northern end of Loch

macrophyto growth but small

qu.E\nt.l1'.:I.es of In the grab samples.

pr~E".!'sent in t:.hlr'ee other~ 1och~; anel

part. i cuI ar 1 y abundant. 1 ~ 2 m and :::::.0 m depth

thf"'"DUghout .Deh Stroan 31,d between 3.0 m and 4.0 m depth on

fllamentous algae

(Appendi ",the side of Loch Trool

often 'found in

ThE.?

pools (Presc:ott 197(1), was locally abundant in Loch Tr'ool.

Significant a(:cl~mulations 0'( debris were found in

ROI,lr)d L,och of Glenhead while a thiek car

'f c1und or1 southern side of

ot

Trool. In

leaves

both

Instances macrophyte growth was apparently inhibited by this

In the distribution of littoral macrophytes,

Few changes in the dlstribLltion of littoral macrophytes

wer'e noted between 198:3-84 and 1985~ HOWEver, on

had in Loch Macateric~( and Loch Skae, and

there had been a noticeable proliferation of

In Loch Mannoch and Loch Stroan (Appendix 4).
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4. DISCUSBION

Water chemistry, and nutrient availability in particular,

stn:mgly influences the species composition of aquatic

v"o,etation in lakes (Seddon 1967, 1972; Spence 1967) . The

vegetation of oligotrophic 50ft-water lakes is usually

charc\cterised by the isoetid species Littorella uniflor~.

~pb~1ia ~Ertma~~~ and Isoetes lacustris, and the first two

species often dominate e>tposed shores where emergent

vl:?getati on growth is prevented by excessive wave action

(Spence 1'1641. Isoetids are physiologically adapted for

nutrient-poor waters but inter-specific competition produces

a downshore zonation: typically, Littorella and----,---- Lobelia

dominate shallow 10 - 2 ml water while Isoetes is confined to

deeper (2 - 4 ml areas IKansanen and Nienni 1974; Sand-Jensen

19781 • A similar pattern (Fig. 51 was frequently encountered

during the 1983-85 Galloway study and has been reported from

other oligotrophic lakes elsewhere in Galloway (West 1910;

e 19641, the Lake District (Pearsall 19201 and Denmark

ISand-Jensen and S~ndergaard 1979).

In strongly acidic conditions (pH < 4.0), however,

and/or ~C1agnum"c~E£-,- domi nate the vegetati on. of ten

to the e>:cl usi on of other species (van Dam and

I<ooyman-van-'Blokland 1978; Roelofs 1983). These species have

a competit.ive advantage over isoetids because they can

utilise the dissolved carbon dioxide present at low pH values

(Hoe10fs 1984; Wetze1 et a1. 19841.-----

21



[n The Net:tlerlands, a sIgnificant decline in pr'evi oLlsl y

dllmirlar,t isoeiid plant ('OmmlJnllleS arId d conCOlnltant ir1crease

c:d ,JuneuE; i:ind/c)t' Slncp the 1950' s h as', br~en

de i d i f i C>'CI t i on 1'78:;; rO:;:oe 1 of 5

1'184'_ Recent increased growth of

r--t.:::pcw t:ed In acidi'fied la~(es in Sweden (Gr~hn

1974; Gr~hn 1977) and the United States (Hendrey and Vertucci

It :.::,uqge£';;t,ed that extensive growth of

exchange between sedinlent and

hl;'3_t.F~'r' cau::;in9 "oligotr"'ophication ll and that the high cation

e~: harlqe capacity of the living tissue might exacerbate water

acidit'/ and reduce bacterial decomposition 'ri: dead p I ant

1974) • It 2\150 been suggested

that, and 5tr~uctur,:'il

le Inver-tebrates (Ker,lan 1 1984) .

epiphytic diatoms as

"."c;~,=,,~,.,c:.-"-=s, (N. Varley, unpublished data).

acidified lakes

In SWedE?n, the Nether 1 cmds dnd United States has been

E'\-,;'iil uated compar'inq cont.empor ar-y field surveys:, ~>Ji th

hi star 1 ce::il data~ 1·-1i stor"], cal data for' Galloway lochs are

al:=·o available for comparative studies (West 1910; Spenc:e

I'D ::;,Inall

Is cleaT In Gallowi:c\Y that ?.E..h~..si~,:~__~.!!! vias r-E~stl"'icted

y pools and shallow water in the sheltered bays

fE?W 01 i le lochs~ f'iowE:~ver , during hi.s 1905

survey, West r-ecorded the tluncommon" occurrence of

:2 and B

22

feet below t.he surface at the



southe,"n end of Loch Grannoch. In contrast, Sphagnum was

recorded in five out of eight oligotrophic lochs sampled in

1985 <Table 4).

Table 4. The presence of sublittoral Sphagnum in some Galloway
lochs during 1985.

Catchment Mean Range of Subli ttoral
Loch Alti tude ( m) Geology --'!!L conductivity Sphagnum

..eco..d

Fleet 340 Granite 4.5 47-60 Abundant
RLG 295 Grani te 4.7 32-47 Absent
Skae 263 Shales 5.9 59-66 Absent
Harrow 247 Slates 4.8 30-40 Rare
Howie 232 Shales 5.3 68-74 Absent
Ske'Tow 127 G..anite 5.1 49-68 Ra..e
T..ool 75 Slates 5.0 31-48 Locall y

abundant
St..oan 70 G..ani te 4.8 48-80 Abundant

pH and conductivity (fScm-1 ) data p..ovided by R. Flo"",...

Unfortunately, West could not use a boat for his survey

of Loch Fleet so the presence of Sphagnum in 1905 cannot be

ruled out. However, changes in the relative abundance of

Sphagnum and Isoetes occur in sediment cores taken from Loch

Fleet (Stevenson, unpublished datal. Although it is not

possible to differentiate Sphagnum originating in the

catchment from that in the lake, the pollen data suggest a

significant decline of Isoetes and a concomitant incre se in

Sphagnum, probably associated with sediment input since

afforestation in 1963. The presence abundance of Sphagnum

suggests a rapid proliferation during the past 20 years.

Since West made a thorough survey of the submergent

vegetati on in Loch Harrow, Loch Skerrow, Loch Trool and Loch

Stroan, it is clear that Sphagnum has established in each of

23



these sites Since 191)5.

In Sweden and the I,Jrlited

=pread froRl the littoral into 5ublittoral areas. e>:tending to

ths 01: 18 m in places (Herldry i::\nd \)er'tucci 1980; I>JE,tzel

l. a 198'1) . Th c'?r" e is no evi cfE.:'nce f 01'- such a process in

hal 1 Dt.-JC:\ V ~;l nCE! §Pt::~5~SlE~~~Ef! is rnainly contined to rJeep""r \l'Jater

> 2mJ vJh i 1 E? lsoetids sti 1 1 dominate further i nshorf? (Fig.

i:'\quat i c macrophyte growth is apparently

lImited to depths les5 than 5 m despite e>:ceptional water

clarity (secc:hi dISC t h > b HI) in :::·OrtlE! 1 DC h s"

In 1985 to lochs with a mean pH

D1' ::j~ 1 or 1 ess ~ However. its distribution was not consistent

wIth contemporary pH (Table 5). For e:-:ample, it was absent

from the RDund Loch 01' Glenhead (pH 4.71 which has been

l'Jc:idlfied since c~ 1880

abl,lndant lrl Loch Fleet (pH 4.7) which has been acidified only

Battar-bl~e, In

thE' 1905 Y"ecord Df in Loch Grannoch

coincides Wittl a reconstr-ucted water pH of 5.6 (Battarbee &

sE>diment lnput associ atE:d ~Ji th

,;-fforestai,:i on ploughing may contr i butf? to an inCI~eaSE:': in

b\' snlothering isoetids in the sublittoral zone and

introducing the catchment. FOI" e>: ampl e,

15 absent from Round Loch of Glenhead which has an

Uflafforested catctlment.

24
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Skae or Loch Howie where catchment afforestation is 100%

although pH is at least 5.3 (Table 5).

Tabl e 5. A comparison between the dominant sublittoral species
of eight Galloway lochs recorded in 1905 and 1985.

Dominant subli Uoral Contemporary Afforestati on*
species pH

Loch 1905 1985

Fleet Isoetes ? Sphagnum 4.5'" 40%
RLG Isoetes ? Isoetes 4.7'" 0%
Skae Isoetes (J) Isoetes 5.9 100%
Harrow Isoetes (Jl lsoetes (J) 4.8 100%
Howie Isoetes (J) lsoetes 5.3 100%
Skerrow Isoetes ? 5.1 60%
Trool lsoetes (Jl J. flui tans (S) 5.0 60%
Stroan Isoetes Sphagnum 4.8 70%

* percentage of shoreline afforested in 1985
N.B. None of the catchments were commercially afforested in
1905.

? insufficient data
(J) Juncus fluitans also abundant
(S) Sphagnum also abundant

'" known to have been acidified

Acidified lochs in the catchment may have contributed to

a change in water chemistry and the SUbsequent appearance of

?phagnum in Loch Trool and Loch Stroan. Both lochs are at

relatively low altitudes ( < 75 III ) and receive water from

acidic upland lochs. Water from five upland lochs, including

Loch Valley and Round Loch of Glenhead which have been

acidified from pH ca. 5.3 - 5.5 in the late 19th ceniJry to

pH 4.7 in the 1970's (Battarbee & Flower 1985l, flows into

Loch TrooI. The River Dee flows through Loch Stroan

carrying water from Loch Dee (pH 5.3), Loch Skerrow (pH 5.1)

and Loch Grannoch (pH 4.6). Until liming was carried out in

1981-82, Loch Dee was an acidified water body and Loch

Grannoch has been acidified from pH ca.

25
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(Battarbee 8( Flower 1985).

Parts of the Loch Fleet catchment will be limed in 1986.

'::3i nee has disappeared from a number- of acidified

1 akes in S~..,eden after I i mi ng (Brown 1985) changes in the

Loch Fleet

WIll be morlitored with great interest dltring

26
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APPENDIX 1 EKMAN GRAB SAMPLE SITES IN SEVEN GALLOWAY
LOCHS SURVEYED IN 19115
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APPENDIX 2
Ekman grab sample data from seven Galloway lochs visited in 1985

ROO!ID LOCH Of tIlEIIIlEAD IlATHlllAL Gm REfERENCEI HI 450S04

DATE Of SUIlVEYI 24 lIay 19115 IIUIlDER Of EKIWt 5AIlPI.ES TAKENI Ib

DECCHI DISC DEPTHI aot takiR

SlllIllle lite {IH upl
2 J 4 5 6 7 8 9 10 11 12 11 14 15 16

81 gravel
5; saad
"I IIIlll

DEPTH lal 2.5 2.8 1.0 1.7 1.1 4.0 2.5 1.1 2.2 1.8 2.B 2.0 1.5 1.8 1.1 5.0

hotel lacultris A A A A
Lobella oorh1lllna A
IIallnia debris A A

LOCH SKAE IlATlOIIAl ilIllD REfERENCEI NI 710817

DATE Of SUllVEY, July 19115 IIUIlDER Of EKIWt 5AIlPI.ES TAKER I 8

SECCHl DISC DEPTlII 5.5 a

8lll1llle lite llee aapl
8lJBSTRATE I 2 I 4 5 6 7 8

"I IIIIGI H " " " H " " "
DEPTH lal 1.0 1.2 1.5 2.2 2.0 2.5 2.0 1.5

Callitricbe bamulata t A
hllt!hl I acustrll A t A A A A t

JunCUI flui hnl A
Littarella uniflora A A
LolIll la dartaannl A A A A

He Hellnil debris ulIPled
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LOCH HARROW NATIONAL GRIO REFERENCE: NI527067

DATE OF SURVEY: 14 July 1905 NUMOER OF EKKAH SAMPLES TAKEN: 12

SECCHI OISC DEPTH, 5.0.

Saspl e si t_ Isee sapl
2 3 4 5 6 7 8 9 10 !I 12

Hj .ud H " " M " M M " M " K M

DEPTH 101 3.0 2.5 4.5 3.5 2.5 2.5 1.5 2.0 2.5 1.5 2.0 1.5

Sphagnum .uriculat•• ,
Iso_tes lacustrls A A A A A
Juncus Hultans A A A + + ,
Littorell. unlllora , • •
Lobelia dort.anna , +
Utricularia minor + + + +

Ho Molin!a debris s••pled

LOCH HOWIE NATI&HAL aRID REFERENCE' NI697834

DATE OF SURVEY: July 19a5 NUMBER OF EKKAN SAMPLES TAKEN: 13

SECCRI DISC DEPTH, 6.3 •

S.aple site Isee aap!
2 3 4 S 6 7 0 9 10 11 12 13

N; aud

DEPTH lal 1.0 2.S 1.2 4.5 0.0 a.5 5.0 3.0 I.a 2.0 1.0 7.S 2.S

15ll<!tes lacustr!s A A
Littorella .nillar.
Lobelia dortsanna + t R

No Molinia debris s..pled

A A + A +
A A
R A

N.B. Sphagnua grooing on S.H. shore 119a4 survey!.
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LOCH S~ERROW NATIONAL 6RIO REFERENCE, NY 606662

DATE OF SUR\lEY, July 1985 MURDER Of EKHAN SAMPLES TAKEN' 8

SECCHI DISC DEPTH, 1.4.

S.eple site (see e.pl
2 3 4 5 6 7 8

RI roci
SI s.nd
K; .uds

OEPTH le)

Fontin.lis antipyretic.
Sph.gnue .uricul.tue
C.llitriche h••ul.t.
Isoetes I.custris
LOOeH. dorta.nn.

Ho Kolini. debris s.apled

R R R S K S S S

2.0 2.0 1.5 3.0 2.0 1.5 0.5 1.0

+ + +
+ + +

• +
t

A • •

LOCH TROOL HATIOWAl .RID REFERENCE, HI 412798

DATE DF SURVEY,I7 July 1985 Htin8ER OF ~HAN SAnPlES T~EH, 15

SECCHI DISC DEPTH, 2.6 a IH.8••dverse .e.ther conditionsl

S••ple .ite l.ee o.p}
2 3 4 5 6 7 8 9 10 11 12 13 14 15

R; rock
Sj sand
H; mud

DEPTH 1.1 1.0 1.2 2.0 2.2 3.1 9.0 3.0 3.0 3.2 2.0 1.0 1.0 4.0 3.0 3.0

Sph.gnum auriculatu. A A A
Isoele. hcustri s A + A •
Juncus flui tans + A A A • A
Lobelia dort.ann. A A
Utriculari. vulgaris + +
(B.tracho.perouB sp.l + + t t +
Oak loaf debris A A A A A
Molini. debris A A
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Ni Bud

DEPTH t.1

LOCH STROAN NATIONAL GRID REFERENCEI NX 644704

DATE OF SURVEY, 18 July 19115 NUMBER OF EKMAN SAlll'lES TAKEN, 10

SECCHI DISC DEPTHI 1.5 •

Sa_pie site (see _api
2 J 4 5 6 7 B , 10

2.5 1.5 1.2 1.2 1.0 1.2 2.0 2.0 2.2 2.0

Sphagnu. auriculatu.
Sphagnu_ cuspidatu.
Juncus fluitans

AA AAAAA
A

+

No Kolinia debris sa.pled

Abundance .t .acrophytes assessed as bi ••ass present in each grab sa.plel

+ present in saall quantity

A ab.ndant



APPENDIX 3 The distribution of Molinia and -Sp-hagnum
debris within loch Fleet in 1985
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APPENDIX 4

fhEd'I(JE'S In the llttOl"'eil macrophyte vegetat:lon of '30 Gallol-'k'iY lochs
between 1983 and 1985.

Lo'h Change!sl observed bet.e,n 1983 and 1985 Grid reference.

UX 642706.
NI 647705.
NI 663686.

NI 437917.
NI 440937.
NX 708835.
U 468977.
NX 702844.
NX 61>4600.
NX 603684.

L. "aeateri'k'
L. Rieeawr:
L Skae,
L. Finlas,
L. Urr:
l. "annoch'
L. Skerro.,
L Fern'

L. Arthur:

L. Stroalll

L. Woodhall'

Ne. stand of PotalOgeton natans
Hew stand of Sparganiua angustifoliul
Ne. stand of Potaeoqeton natans
Ne. record; Ranunculus tripartitus
Ne. stand of Polygonu. aophibiu.
In,rease of echoenopllCtus lacustris
Ne. stand of Nyuphlea alba
Ne••tand of Myriophyllul alterniflorul,
disappearance of Nyophaea Ilba stand NI 863626.
Ne. records; Isoetes la,ustris, Polaeoqelon praelongu.
and Ranunculus aqualllls {strandlinel.
New stand of Nyphaea alba
In,rea.e of Schoenoplectus la,ustris
In,rease of Nyophaea alba

There .ere no changes in the liltoral vegetalion of 18 olher lo,hs previously
visited and lapped in 1983-84 {cl. Raven 19851.
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