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Abstract

The littoral aguatic macyvophyvite ficra of 31 Galloway lochs was
surveyed in 1983-84. Despite methodological limitations, differences
between contemporary and documentary floristic data suggest oligo-
trophication in 8 out of 23 sites since 1904~5%. The appearance of

Sphagnum spp. in Loch Fleet, together with an appaven

ot

loss of calcicols

species from other sites, may represent a floristic regponse to water

acgidification.
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1. INTRODUCTION

Aguatic macrophyies not only represent a significant component
of the primary production within a lake system, but alse provide

habitatg egsential for invertebrate life {(Kenlan st al. 19H4;, which

in turn comprise an important food supply for predators, notably fish.

Since the floristic composition of aguatic

ﬂ

acrophyies within lakes

1

s8]
o

ers in response to changing water gquality (Almer et al., 1877, the
affect upon the Jlake ecosystem can be profound. Aguatic macrophyte

species’ regponss Lo such change can thereiors be usac
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documentary with contemporary floristic
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In conjunction with extensive diatom and water chemistry sampling o
31l Galloway lochs in 1983-84, a simple suploratory botanical survey of
the littoral, higher aguatic plantlife at each site was conducted. This
working paper sesks to ascertain the nutrient status of the lochs using

aguatic macrophyte date by

i} outlining the relationshipy between aguatic plantlife and water
chemistry.
11} pregenting preliminsry distributional data of aguatic macrophytes

coliected in 19H3-84.
1ii} comparing the contemporary data with those previocusly generabed

in 1804-5% (West 1910).
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Z. BACKGROUND

2.1 Water guality and aguatic macrophyte distribution

The distribution of aguatic macrophytes is predominantly
determined by water chemistry, particulariv conductivity (Seddon
1867, 1972} and alkalinity (Spence 1967). Furthermors, the aco-
logical tolerance of most aguatic species has been determined;
soma have & wide trophic tolerance, others are restricted to
riutrient rich waters {(Table 1). A lake consequently gupports a
flora which reflects inter alia the Inherent water guality con-
ditions; indeed, Scandinavian lakes have been traditionally
ciassified on the basis of their plant-life (Jensén 1979). ESub-

strate characteristics also determine the actual distribution of

different aguatic speciss within a lake, while competition is also
an important influence. For instance, ubiguitous oligo-dystrophic

species are suppressad oy precluded from base-vrich waters by strong

compaetition from eutrophic species (Sedden 1872).

Table 1 The trophic tolerance of aguatic macrophyies sccoording

to Seddon (1972)

Trophic status Trophic tolerance Example species Typical
range conductivity
1. EUTROPHIC Dotamogeton
cei e A& A A iucens.
Myriophyllum -1
splcatum, 200 u8 wm
5 moderately
" EUTROPHIC o Potamogeton
crigpus. 150-200 ¢
3. MEBCO- . Lemna minor. 1006-150 ¢
TROFHIC
4, OLIGD- Potamogeton
TROPHIC S perfoliatus, 50100 07
5. DYSTROPHIC . ... ... Isobtes

lagustrisg < 50 #
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Significant changes in water guality will induce a predictable
floristic response. Conseguently, a chronclogical reoord of the
aguatic macrophyte flora, obtainsd from pollen diagrams, or repsatad

potanical surveys of a lake over a pericd of decades, should i

Loane

o]
t}i

z history of water quality conditions. A well-documented example is
the floristic response 1o prograssive sutrophisation in the Norfolk
Broade since the 1%th ceatury {e.g. George 1877, Jackson 1978, Phillips
et al. 1878, Boovman and Fulley 19811, Little elffort, howsver, has

e in lakes subdect to recant
acidification, particularly in upland areas.

2.2 The context of watey guality change in upland waters
g B

The trophic status of lakes in glaciated upland areas would be
expected to decline progressively after a glacial retreat, as the
bagse-rich solls become leached, and peat bogs develop (Iversen 1954,
Birks 1973). HMan, howsver, has had a congiderable modifving influsnce,

contripution both to the acidification - oligotrophication and eutro-

iy

phication of lakes {Table 2},

]

Modifyving influences on upland lake water quality, with

]
£
o3
;,«4
a1}
A

special reference to Human Activity

a} OLIGOTROPHICATION {nutrient impoverishment)

1. {Catchment leaching and peat-bog formastion {(long-term)
2. Afforestation 7 {acid run-off 7}
3. Acidic precipitation

4. Peat erosion {aszcciated with water leavel riss}

continued



o

Tahle 7 {continued)

I»} EUTROPHICATION {(nutrient enrichment)

1. Erosion of base-yich soll in catchment (caused by a number of
factors: deforsstation; pre-afforestation ploughing; heather
burning ¥; shorsline erosion associated with water level risel.
MAINLY SHORT-TERM

Z. Fertilizer input ~ run-off associated with agriculture OR
pericdic application of fertilizers to plantation forestry

3. Bewage Ilnput

4. Lime application {indirvect factor) RECENT

Rguatic macrophyte evidence for longer-term oligotrophication
has been inferrsd from pollen diazgrams. From lake sites on Skve,
Birks {(1873), has shown that since the early post-glacial period,

there has been a consistent decline and extinction of Myricophyllum

spicatum, a base-demanding aquatic species.
Recent oligotrophication or acidification of lakes has besn
identified from documentary evidence generated during the last 100

years. For ingtance, a progressive deciine in previously dominant

Lobelia - Izogtes - Littorells communities, and 2 concomitant pro-

liferavion of Sphagnum son. and/or Juncus £luitans has been

recorded in Sweden (Grihn et al. 1974, Grdhn 1377), the Hetherlands

{Nilssen 1980, Reoelofs 1983 and North America (Hendrey and Vertuccd

1980, Both Sphagnum and J, fluitans thrive in very acidic waters

(pH  «4.0}, often representing the only aguatic macrophytes therein
{Roelofs 1983). Blanketing the subsirate, it has bhesen proposed that
extensive mats of Sphagnum prevent nutrient exchange between sediment
and water, promoting cligotrophication, and that the high cation
exchangse capacity of the living tissue may increase water acidiiy

and so retard bacterial decomposition of organie detritus. A

conseguence is an aguetic enviromment of reduced potential for a



A

diverse invertebrate fauna [Grdhn et al., 1974; Kenlan st &1, 1984},

A

I

sduction in species vichness, and asscciated fleoristic changss
in certain Dutch ponds alsc suggesis that oligotrophication and lake
acidification are linked {van Dam and ¥ooyman-van-Blokland 1978) .
These resulits were obtained by comparing floristic data in histor-
real documents with contemporary field surveys., Howsver, desgplie the

availability of suitable base-line dats {e.g. West 1910, Pearsall 1520,

Spence 1964, Beddon 1372, Stokoe 198B3), no comparable sztudies of recently-

acidified lakes have besn undertaken in the British Isles {(¢f. Fry and



s

3. CHE BEAPLORATORY STUDY

This exploratory study was conducted as an addendum to an
intensive survey of 31 Galloway lochs invelving simple bathymetry,
water chemistry, surface sediment and diatom sampling {(Flower and
Battarbee, in preparation). BAs such, the sampling strategy for
aguatic macrophytes was severely restricted by the lack of time and
suitable egquipment. Conseguently, with the excepition of Loch Fleet,
the data cannot be confidently guantified. The main purposse in
presenting the preliminary data is therefore fo confirm the potential
and feasibility of a more comprehensive comparative study, and
stimulats interest in a field of resesarch as vet unexplored in the
British Isles.

3.1 Galloway as a sultable study sits

The Galloway reglon of socuthe-wsst Scotland represents a highly
suitable site for an integrated study of aguatic wmacrophvte change in
relation o recent acidification because -

[y

i} the ares contains a large number of both upland and lowland

fa

comparatively small area {3500 ku™}

lochs (n » 100) in

i

ii)  wariation in zolid gsology, notably the presence of granite and
non-granite catchments, provides sreas of diffsrent potential
sensitivity to acid precipitation {Figure 1}.

iii} wariation in catchment land-use history, notably extensive
afforestation since the 19208, provides sites subiect to

different run-off characreristics.

evidence of recent acidificatrion of lochs
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in granite cabtchments, based on fossil diatom assemblages

(Flower and Battarbee 1983a, Battarbee and Flower 1985).
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vy there is ample documentary evidence recording the past

floristic composition of many lochs. West {1910) sampled

no

Galleoway lochs in 1904-%, of which nine were re-surveved by
Spence (1964} during 1958-8l.
3.2 Objectives

Within the considerable constraints imposed on the zampl

strategy, the main obidective was to iist, and wherever posgible deter-

ming, the distribution and abundance of aguatic macrophytes growing

Galloway lochs, chosgsen to refisct

[

in tha near-shore aguatic zone of 3
a wide range of altitude, land-use and water guality, Secondly, to
compare the contemporary flcra with that documented by West 80 vears

beforehand, and, by assigning a trophic status to each

the aguatic macrophyte floral, produce a preliminary
water guality change between 1904-5 and 1983-8H4.
3.3 HMetheds

3.3.1 West's 1804-5 Surves

In 1904-5, George West surveved the littoral and submsrgent
flora of 72 CGalloway lochs from a boat propelled by a hired “worthy®.

Submergent vegetation was dredged up using & grab or rake;

1

o]
fou]
8
il

boat was unavailable {e.g. Loch Des, L. Macateyic

West walked the shoreline examining the remains of submergeni speciss
from the strand-iins., Three or four small lochs were coversd thus,

sach day. Both cryptogams and higher phanerogams were racorded; the
fioristic record, howsver, varied considerably according to site. For
instance, a single species wmight cover a number of adiascent lochs with
similar floras (e.y. Loch Barscobe, L. Brack, L. Howie and L. Skae}.
On the other hand, & detailed description of species® abundance and

distribution {occasionally supported by photographic evidencs), is

documented for individual sites such as Loch Enoch, Lochenbrsck loch

-

Lechinvar loch, L. Skerrvow, L. Stroan, L. Trool, L. Woodhall and L. White
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ey to the sampled lochs illustrated in Figu

Page
i, Loch Enoch 7
2. Loch Fleet L8
R Long Loch of Glenhead 49
4. Round Loch of Glenhead 50
5. Loch Muock 51
6. Loch Macatérick e
7. Loch Riscawy 5%
8. Loch Minnooh Bl
g, Loch Skas 55
10. Loch Finlas 56
L1. Loch Harrow 57
12. Loch Howia 58
13. Lochinvar 59
i4. Loch Dee -
15.  Loch wWhinveon 6
16, Loch Kiryrieroch 61
17, Loch Moan &2
i8. Lochenbreck Loch &3
19.  lLoch Urr Hh
20, Loch Mannoch 5
2. Loch Skerrow £6
22, Loch Maberry 67
23, Loch Ochiltres 68
24, Loch Ronald 69
25.  Loch Fern 70
26, Loch Trool 71
27.  Loch Arthur e
28, Loch Stroan 3
25. Loch Woodnall ?%
30.  Loch Clenyard ?g
31. Loch White 76
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il

iata are therefores primarily descriptive, i.e. bhased on

[

West'is
species presence/absence, Howsver, West smphasised that the absence
of a particular specles from hig list 4id not necessarily imply that

-

it did not occur in an unsampled part of the loch. Conversely,

ot

frequent expert advice from other specialist botaniste probably
ensured that species ildentification was correct. Specimens placsd in

nerbaria would, however, represent the most valuable record of Wesi's

3.3.2 ihe exploratory survey - littoral gsampling

The contemporary survey was conducted during two perisds in July
1983 and May 1984, and involved 31 sites {Figure 1}. With the ex-
ception of two lechs (L. Harvrvow, L. Skas! boait sampling was not
posgible. The littoral vegetation was simply mapped from walking
around the lochshore {Table 3}, Water clarity was good {secchi disc
depth varied between Zm and &m!, so vegetation distribution in the
littoral zone could easily be determined. Abundance was assesged
on 2 subldective scale comprising the oriteria ‘present' {(rare),
Plocally freguent’, and ‘asbundant®.

Az ths key species indicating water guality change are most
likely to be submergent rvepresentatives occoupying an offshore habitat,
the confidence with which the contemporary spacies lists are presented
is strictly limited. Examination of strandlines. characteristic of the
windward shores, vielded valuable data about the submergent flora but

compatibility with West's dats ig still far from ideal. Indeed, time

™

preciuded detziled collection and examination of cryvptogens from the

for three days in 1805 to recover from temporary blindness caused by
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Table 3 The pereentage of shoreline covered during the exploratory survey

of littoral aguatic macrophytes of 31 Salloway lochs

Loch National Grid Heference Pergentage shoreline HMonth of
survayed _ survey
Arthur NX¥ 904688 7 July 1983
Clonvard NX 857554 W July 1983
Enoch NY 445853 W May 1984
Farn NX 8563624 July 1983
Fleet NX 560698 W July 1983
Howis NX 697834 W May 1984
Kirrieroch NX 3563865 July 1983
Lochenbreck MY 643655 W July 1983
Lochinvar NX 54BBS4 W '
Long Loch of Glenhead HE 446808 W
Maberry NE 286750 y 75
Macaterick N¥ 4409173 ¥ . 984
Mannooh NY 664605 May 1984
Minnoch NX LH30BSY 3 July 1983
Muck WX 513007 May 1984
Ronald N Z6bbd4 W May 1984
Round Loch of Glanhead NX 430504 W July 1853
Skae N¥ 710837 W May 18864
Skerrow HE GOB6EZ W May 1984
Stroan NYX 644704 W July 1383
U NE 780845 May 14984
Wninyeon NX 625608 ¥ May 1984
White MY 864547 “ July 1983
Woodhall NX 6738675 4 W July 1543
Fiplas NX 460853 W May 1984
Harrow NX BZ78&7 > L0 - 75 W July 1883
Risoaws MY 434934 W May 1584
Trool NX 412788 i W May 1584
Des N¥ 467790 1 W July 1883
Moan NX 346858 % 25 July 1983
Ochiltres Mx 217745 } July 1983

W o= surveved by West in 1204-5 {Hest 1910}

i

= alizo surveyed in July 1984




midge and cleg bites.

=

3.3.3 Sami-guantitative survey of Loch Pleet

In July 1984, Loch Fleaet was more comprehensively surveyed,

Eieven transects, pergendicular to the shore were sslected, and
R 5 . - Y s

along each, 3 quadrats {(0.0625 m" area) wers sanpled at depths

ol 0.0, ©.5, 1.0 and 1.5 m. Individuasl specles abundance was

u
i
i
i
i
in
il
o
i
i
i

arcentage cover, and samples taken back to the laboratory
far identification. Presesnoe/absence data were obtained from materis!
collected from B0 BEkman grab samples taken from a beoat. The position
of esach sample site was determined from two, shore-based, plans-
tables.{Anderson, in preparation).

The pasic physical and chemical parameters of the water guality
in each sampled loch are presented in Table 4. Altitude ranged
petween 3Z2m and 493m O.D., pH between 4.4 and 7.6, and conductivity

ctwean 29 and 116 ug cmmi‘ Water chemistyy within a lake can vary

basig; conseguently these

prt

considerably on & diuvrnal and seasona

data repreasent only a limited aszessment of the aguabic envirvonment

31
[

tpough Lt must be noted that lochs with a pH less than 5.5 are
well buffered by azluminium ions and exhibit iitile variation throughout
the vear {(Wright and Skogheim 1883).

If zach loch is assigned a trophic status, determined by the
minimum nutrient teolerance limit of its aguatic macrophvite represent-

tives, it appears that there ls a correlstion between nutrient level and

i

"

g

of the water (Flgure Z2a). Furthermore, species richness appsars to
pe significantly poorer in waters with a pH value less than 5.0

o

{Figurs Ib).
A total of 42 higher plant species were recorded, of which 25

were typical, oligo-dystrophic representatives. Indeed, despite the



Taple 4  Altitude, catchment geclogy, pH and conductivity of the 31 lochs

i

sampled during the exploratory study

Loch: in ranked ordey Catchment i canﬁucmzvitgl
of altitude - Altitude (m) Geology range range {(u% cm )

Enoch 4973 G 4.5 - 4.5 29 - 54
Flaaet 140 & 4.% - 4.8 47 ~ &0
Long Loch of Glenhead 298 G 4.7 - 4.7 7 o= 43
Round Loch of Glenhead 2495 3 4,7 - 4.7 AL - 4G
Muck 250 Sh 5.0 - 5.7 69 - 78
Macaterick 28E 3 4,8 - 5.0 51 - 55
Rigoawy Z284 & 5.0 - 5.3 51 = 55
Minnoch 272 S1 5.0 - 5.0 45 =~ 4%
Skae 263 &h 5.5 - 6.1 &0 ~ IO
Finlas 254 gh 5.5 - 5.7 57 -~ 68
Harrow 247 51 4.8 = 5.0 38 - 49
Howis 232 Sh 5.4 -~ 5.6 54 - 75
Lochinvar 227 8h 6.3 - 7.1 65 - 77
Do 225 G 4.9 - 5.9 30 - 73
Whinyeon 216 sh 5.7 - 7.0 70—~ 108
Kirrieroch 233 B 5.0 - 5.4 48 - 70
Moan 205 Sk 4.7 - 5.9 57 - 849
Lochenbrack 198 5 5.3 - 7.0 71 - 108
Urr 190 Eh 6.0 - 5.4 58 -~ 68
Mannoch 128 5h G.L o~ 6.5 85 - 115
Skerrow 127 G 5.2 - 5.5 53 - 7%
Maberry 118 5h 4.8 7.1 110 - 111
Gohiltres 104 Sh £.0 - 6.4 £8 -~ 110
Ronald 101 Sh £.2 - 7.3 828 - 111
Farn 78 G 5.7 -~ 7.1 109 - 113
Trool 75 Sh 4.8 - 5.3 37 - B2
Erthur 73 & £.8 - 7.6 827 - 1iC
Stroan TG & 4.4 - 5.6 46 -~ 87
Woodhall 53 Sh £.6 - 5.9 91 - 112
Clonvard 14 & 5.8 - 7.1 113 - 115
White 3z G 7.0 - 7.1 114 -~ 116
Geclogy: G Granite

5h  Shales / greywackes

81 Elates
pH and conductivity sampled in July 1983, May and November 1984: date
supplied by R. Flower
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variation in altitude,; catchment gsology and wate

¢

fluitans, Littorells uniflora, Potamogeton natans,

Eleccharis palustris and Bguisetum fluviatile oceurred in more than

5% of the sitesg (Table 5).

In many lochs {e.g. L. Rlrrieroch} the effect of wind exposure
on plant distribution was clear (Bppendix). Bxposed eastsrn shors-
lines were predominantly rocky and devolid of higher plant cover; by
contrast sheltered embayments characterised by finer sediment often
supported emergent reed growth.

3.4.1 Ploristic and inferred water guality changes between 1804-5 a

|2

F

Twenty=-two of the 31 sites were previously visited by Hest in
18G4-5, and the respective data are presented in Table 6. The con-
temporary data for L. Maberry are compared with those data collected
by West from L. Dornell, a similar water-body less than 100m distant;
23 loche therefore provide the basis for a preliminary comparative
agsessment. Since the respective sampling methods used in 1304-5
and 1983~84 are not satisfactorily compatible the data must be treated

with caution and only tentative conclusions drawn.

,;;h

1 Comparison of emergent and floating vegetation data

One stratagy is to consider only floating and emergent vegetatlon
Irom both data sets: these types of vegetation are most likely to
have beaen recorded by both observers, and changes in distribution or
abundance most likely to be real. Unfortunately, emergent vegetation,
with few exceptions (e.g9. Typha spp.} has a ubigquitous tolerance range
ad therefore unlikely to be useful for assessing water gualitiy change
per se. However, floristic change produced by this strategy is summ-
arised in Table 7.

The most consistent floristic change is represented by an incresase
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SUBMERGENT/FLOATING SPECTE
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littoral aguatic macrophyies
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Table 5 The freguency distribution o
recorded in 31 Galloway lochs during 1983 - 84
e~ Trophic status of loch o

Y8 OLIG MESC mEUT TOPAL

ne Il 8 5 3 3

SPECIES
i(Fontinalis antipyretica) {53 4 = & - in
Cailitriche hamulata {4) . & 5 1 17
Caliitriche staonalis (3} - - 4 1 &
Elatine hexandra {3 - - o - 2
Blodes canadensis (4} - - 4 1 5
isostes echinospors {5} 3 1 1 - 5
IgoBtes lacustris (53 = 7 G - 2
Juncus bulbogsus., fluitans {53 10 I3 £ 1 25
Lemna minor (3 - o 1 - i
Littorells uniflora {5] 1o 8 <} % Z5
Lobeliz dortmanna {5} 10 7 5 1 24
Myriophviium alterniflorum (5} Z & g 1 17
Nuphar Lutea {5} 2 6 3 1 L2
Huphay pumila {5] 1 - w - 1
Nymphaes alba (5) 3 4 3 - 10
Polvgonum amphibium {3} - - 1 - i
Botamcgeton alpinus (5} = - bes - 2
Potamogeton bhervehtoldii (43 - - 1 - 1
Potamogeton crispus (2} - - . 3 3
Potamogeton gramineus (3} - - 1 i Z
Potamoueton natans {5} 8 7 8 3 25
Potamogeton parfoliastus (4} - . ] 1 3
Potamogeton polygenifolius (5} 1 - - - i
Potamogeton praslonous {3} - - el - Z
Rapupnculus peltatus {4} - - 1 1 Z
Sparganiun angustifolium {5) 4 4 3 1 12
Subularis sguatica (53 3 Z i - A
Oericularisa minor {5} 1 - - - 1
Otricularia vuluaris agg. {5} i - - - 1
Alisma plantage-aguatica {4} - - 4 2 &
Carex lasiocarpa {5} 4 3 3 - G
Carex rostrata (5} 1G 8 9 3 30
Cladium mariscus {3) - ~ 1 - 1
Eleocharis palustris {5} & 8 g 2 27
Equisetum fluviatile {5} 8 7 9 3 27
Glveeria fluitans (5} & 4 5 z 17
Iris pseudacorus {5} 1 - 4 e v
Lythrum vorfuls {3} - - 2 - i
Phragmites australis {5} & 5 4 2 17
Schoenopleactus lacustrig (53 3 - & 1 1o
Sparganium erectun (5} - - 3 1 4
Tvpha angustifo {23 - - - 1 b
Typha latifol {3} - - 2 - 2
TOTAL SPECIES RECORDED 23 18 36 24 42

Trophic tolerance of individual species shown in paventhesis {see Table 1)

Trophic status of loch deterymined by aquatic flova: DYS; dyvstrophic;

LIG oligotrophic; MEBO mesotrophic:; mBEUT moderately sutrophic

3




wk
8ol o min .. ] [J
(m T B oady L.
ey
¢lzle + HE B i & Exje £
)
it
o
E Ll s o o Y e e . R
B8l BE E80 wlc: HIE DR o4
&=
ﬁ £
b e e -
G R~ + Bl (@R £ =%
[HET ek g ” iy - "
R EH e E e ) b
vl o
B8y - - [
s 2l + @@ ®E 2
b
= b § ey
4 u wy . o o
o Bl HE b + [
&
L]
vyl
e ﬁm el P S S TR TR Y LA A U B A T U s 0 By e W R L ROy e U e AR A N WY b B LD e L B A W B N 0 D T U 1 e

i

) =

by

&

resoras

spscies

.

dant

2 abtun

m
Hal ot |
u et
s} o]
35 e
opd 2=
a o
4 H ke | Fes!
ol £ Bl ) 0
i Wl oo Q o
ot i By e K ok O i
By [ BT & ] Yo €30 ; zww w @i
ot o ey o 2] o [t | B
& o al ml oo 18 p & m Fuo
et I
| Jicj I AT X o
= g el |l el o ow )
RIS R g
[ W :.im 4 o
va ; mhw B ol
4] wi B oo i
o Ees e ORI © o
o] ?.; el LA ﬁw EX Pl it
@ = 4| GEol ool 2 B e £ 0
I a, aw i e | R IR T o
s (5 SRS RES ] el P e I N I AN EaRE Bt Bt
5N
B . ;




Skae | Finlos | Horrow | Howie jLochinds] Doe  [WhinysoniKirderth
263 254 747 FEY 221 225 ik 213
85 &b 49 b4 6.3 4.5 5.7 a0
+ & O -+ I + -+
iy R + - E‘?; 4 B
> &
3
i
5 +
5 & hn &l ] i -+ ®
> iz gl 3l @) S L] +
S E3 @ (B3 5 & (&l ] ®
5 O [+ 9 A] £ & 5 [}
sta | E B @ | B ]
5 + -+
5
5 1 ol i +
3
E
b
& .
3
lucens 4 7 i y =
natans 5 ] ] £ + - = +
obtusifolius 3
; "
5 . i £ L '
3 +
1 L
5 L]
iy
1
5 - b o -
5 i [ =
5 [ 1 ]
5
5 ® 0 g
5 2] & Al =3
5 & Y = k] il i +
3
2 . w
5 &l £ = 12 i+ + iy +
5 L L L
5 & Es . ] + ] =
5 & & £ i + i
pgeudacorus >
um portula :
i 5 8] - L) ]
5 £ Ll i &l
>
z
5
4 Gpecies trophie tolerance (see Table 1) U] species recorded by West (1910)

198384 apundance: - present (rare); 4 locally freguent: & abundant



fhoan lehnbdfedle  Urr Moonoch Shorrow M&%z@e’?; Cichiltres Ronald
5 15 49 128 127 118 Hi4 it}
4.7 6.3 8.4 8.1 5.2 4.8 8.0 5.2
& o
+ # % + A & + 1
"j: - Fat 4 - 4
3 + +
5 +
b "% +
o
5 14 + £ + 53
5 o+ o + 3+ i 0 e 7
5 4 g ® @ Iy & & @]
5 @ 4 e] &) & &
5 o & A & I & 5
5 & 5y £ “ A
5
5 & 5 [ + L
3 +
5 e 1
L
2
3
taﬂcg@teﬁ lucens 1 I 0]
;;!UL““’?G’ZX i@__pgﬂ%jﬁ 5 S ke + g +
on obtusifolius 3 £
1 perfoiiatus b e
polygonifolius | O ol " . O
: praslongus 3 + Ll
Potamopeton pusillus 1 ]
Potamogeton x zizdi 5
?anu%guiua peltatus 4 “+
Hapunculus &richophyllus 1
iun anpustifolium 5 + H i
aria aguatica 5
“trlru laria intermedia 5
vwcul ria minor 5
L & vulgaris age. 5
- b -
5 & i
ta 5 A = & ™ @l i + EE
ula&wum MArisgus 3
Eleocharis multicaulis 5 O
Pleocharis palusfris 5 + &l + s & + -+ H
;3 Eleogitan fluitans 5 3]
& Bouisetum [luviaiile 5 + + + + ] £ + &l
o, Glyceria fiuitans 5 o + + -+
&= Lrla paeudacorus 5 ko .
= Lyii 3 + -+
= aus 50 + & “+ B +
= Hamnap?ectus 5 + & Y
Sparganium erectum |7
: E’yz‘sb@ apgustifolia 2
\ Typha latifolia b *
2 Bpecies trophic tolerance (see Table 1) 7] species recorded by West (1910)

7

1983-84 abundance: + present (rare); 4 locally freguert; e abundant

from nearby Loch Dorasll



TOCH | Fern | Treol | Arthur | Stroon [Woodhil] ClonyandWhite
titude (m) 75 75 73 70 53 34 12
nimum ?i:i@} 67 | 48 6.4 4.4 6.5 6.8 |78
57 i+
5 fal L
¢ b ¥
: 3 “+ +
3
b + & +
5 + +
5 & = + ]
5 @ = L
P +
5 a = & @l &l + jas
5 dortmanns 5 + &l [ £l
Myri mnyilgm alternifiorum | 5 + B fl
HNunl lutea 5 & o A & &
Jui’f‘xila LE* %
o gwwﬁphaﬁa alba 5 & -+ [+ i L
0 1 amphibium 3
5 “+ .
b “+
crispus 2 A s
gramineus 3 + +
peton Lucens 1 0 O
geton natans 5 + & &l a] 1 I
zeton ckbiusifolius 3 L
geton perfoliatus b + + , i1
seton polveonifolius | 5 L] i ]
geton 3 i
getol 1 [ i
geton 5
SRR 4 +
wlus 1 L
5 e + e -
5 B
5
5
‘i{’iié%%?:‘%ﬁ ABE. > O
4 A + & + B
5 t
5 A &) & 2y ] B Y
& A
5 J
& A 4+ (- & 4
5 £l
5 & 23] A B {8 £y, [
5 + = +
5 + £ Y
5 FH @ (&l 1a] Y @
5 & @ sl
5 4 o & e
] =
2 7y
lerance (see Table 1) [l species recerded by West {19103

+ present (rare); 4 locally freguent; o abundant



Table 7 Fioristic changes in 22 resurveyed Galloway lochs between 19204-5 and 19834, which can be
confidently presented
Floristic change between 1904-5 and 1983-84

Loch Speciles lost Species gained Species declining Species increasing

Enach Bparganium angustifolium - - -

Fleet - Sphagnum spp. - -

Harrow % Phragmites australis Ytricularias minor - -

Schoenoplectus lacustris

Howie - - - SGchoenoplectus lacustris

Lochinvar - Callitriche spp. - Juncus bulbosus. f£luitans

Lochenbreck - - - Bogulseton fluviatile

Renald - - - Bguisetum filuviatile

Trool - " Eguisetus fluviatile -

Stroan Eleogitan [luitens - - % Phragmites australis
Schoenoplectus lacustris

Woodhall - - Eguisetum {luviatile % Phraomites australis
Scheenoplectus lacustris

Clonyard - Cladiug mariscis Hymphaeca zlba Typha latifolia

White - Nuphar lutea - Typha angustifolia

Ploristic

composition of emergent vegetation in Long and Round Lochs of Glenhead, L. Macaterick, L. Riecawr,

L. Minnoch, L. Shae, L, Dee, L, Whinveon, and L. Skerrow similar in 1804-5 and 1983-84

Lz



Tl
il

in readbeds (notably Bguisetum fluviatile, Phragmites australis and

Schoenoplectus lacusiris) particulaxly in the lowland lochs. EBven

so, considerable varlation between sites is evident. Phragmites

and Schoenoplectus have apparently disappeared from L. Harrow

{replaced by Carex rostrata 7} bhut increasged significantly in

L. Stroasn {(sse Figure 6 - In Loch Woodhall, bhoth soecies

have apparently displaced the previocusly abundant Bguisetum fluv-

iatile at the northern end {Appendix}: Z%ést {1910} noted that
Bquisetum at the north end of the loch was particularly large in
stature “risging 3 or 4 feet oub of water 6 feet deepi7l Bguisetum
has also evidently deciined at the eastern end of Loch Trool since
1905: descrikbed by West (1210} as "abundant” in the vieinity of
the delta, it is now little more than sporadic [Appendix).

west shore of Lochenbreck loch {Appendix}. In Loch Clonvard, the

sedge/reed margin deseribed by West {1910} has changed little, save

the appearance of Cladium mariscus on the north-sast shore, and an

apparent increase of Typha latifolia. The "broad belt” of Nymphaea
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Other than these changes, the distribution of emergent vegetation has
remained broadly similar since 13064-5.

An increase in reedbeds, particularly in the lower altitude
sites (e.g. L. Stroan, L. Woodhall, L. Clonyard and L. White) is
probably in response to a change in littoral sediment characteristics,
namely an increase in fine particulate accumulation. Spence (1567}
indicated that such a change was likely to be very slow in upland
lechs with glacially-gcoured catchments but relatively guick in

lowland, depositicnal “"Bettle-hole" lochs, a pattern confirmed by the
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comparative data. Dam construction and pre-afforestation ploughin
are likely to accelerate sediment input in upland lochs, at least
ikely, thersfore, that the Phragmites

in the short-term; 1t is 1i
~ Schosnoplectus reedped situated near the influent watsroourse in
is likely

Loch Minnoch, and unchanged in distribution since 1904-5,

to increass as a result of substantial sediment input in 1883, This

caused by construction of 2 small hydro-elecivric scheme invelving

wWas
dam construction and modification to Loch Dungeon upstrean.
(b} Comparison of the entire 1304-5 and 1983-84 data
A second, less satisfactory strategy iz direct comparison between
the entire data sets genevated in 1904-5 and 1983-84. This assumes
strandline in

ubmergent vegetation debris recorded along the
a

highly dublious pre—

that the s
was rvepresentative of the entire loch,

pre

Moreover, minor changes in floristic compositio

sumption.
from this comparison could be the result of natural fluctuatio

small populations may decline, die oub or establish within a loch
Lfied by this

apparent floristic changes identifi

any time. However, app

in identifying sites which warrant further

strategy might be usefual
intensive investigation.
rogent |

although lack

7

The apparsnt loss of many broad-leaved, submerg
{Table 6},

species represents the most notable feature
might account for this difference.
Potamogeton Ligans

If¥ confirmed,

of suitable sampling
the most significant change would be the loss of
pugillus from four sites:

from seven sites and P.
calcicoles (3pence 19671 and eutrophic species (Seddon
tion - oligotrophic-

suguast a rasponse

ilogs would

15045,



Applying the minimum trophic tolerance of species recorded at
gach site, individual leochs can be assigned a nutrient status in
19045 and 1983-8B4. It is evident that 10 out of the 23 lochs
common to both surveys have suffeved apparent nutrient impoverish-
ment since 1904-5, while three lochs have been nutrient-enriched
{Table 8). Most dramatic has been the inferred oligotrophication
of Lochs Howie, Skae and Trool.

3.4.2 Aguatic macrophvie flora of Loch Flest

It is impossible to assess possible water guality dstericration

h

of initially coligo-dystrophic lochs using the previcus pressnce/
absence strategy. Only replicated guantitative cover abundance/
biomass surveys of submergent vegetation will indicate consistent

changes in floristic cemposition over a number of years. This

strategy has revealed the decline of Lobelia-IscBtes-Littorella

communities and a concomitant proliferation of Sphagnum spp. in

Sweden {(Grihn et al. 1874}, The 1884 Loch Pleet survey has at least

provided a basis upon which future changes can be asssgsed.
Freguency data obtained from the littoral transects and Ekman

grab samples indicate z Littorella <+ Lobelia -+ Isobtes zonation with

increasing water depth, a pattern typicel of most upland soft-water
lochs {Figure 3}. However, sampling also revealed the widespread

distribution of Sphagnum spp, (mainly S. subsecundum, but also 5.

compactun, S. papillosum and 8. cuspidatum; P. Moore pers. comm.)

between Zm and 10m depth (Figurss 3 and 4}. The presence of Sphagnum
is important because (i} it was not revealed by the 1983 littoral
survey (Bppendix}, (ii} it was not recorded from Fleset in 1805 (West
1810), and {iii) comprehensive surveys of other lochs may reveal

its true extent in Galloway, particulariy as its assoclation with

acidified waters has been hichlighted {c¢f. Fry and Cooke 1984). The
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Table

guality changes in 23 Galloway loch
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deduced from changes in their aguatic macrophyte flora
; o *
7 1983~84 inferred trophic status -
moderately
Eutrophic| Eutrophic | Mesotrophic| Oligotrophicy Dystrophici n
Butrophic - LOUHIRVAR RONALD MAERERRY HOWIE
WHITE WHINYEON THRODLL
WOODEALL SKAR o
moderately
Eutrophic - - - - - -
Mesotrophic - = CLONYARD - - iR
Gligotrophic - - - DER STROAN Z
- - FINLAS RIECAWR ENGCH
LOCHENBRECK FLEEE
1.0
RIG 11
Dystrophic MACATERICK
MINNGCR
HARROW
BRERRGH
1 - 2 & 3 1z 23
&
see Table 1
LLG Long loch of Glenhead

RLG Round

loch of Glenhead




Figure 3  The depth distribution of fouwr principal agquatic macrophyte species

in Loch Fleet, July 1984
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Fig

The distrivution of Sphagnum spp. in Loch Fleet determined From 50
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most likely sites to sample would be those indicating an apparent

loss of Potamogeton lucens or P, pusiilus.




4. biscussion

The rezults indicate, albeit tentatively, that water guality
has changed in a number of Galloway lochs since 19G4-5. It is pertinent
to discuss some possible factors which might affect water guality in the
ares,

4.1 Acid precipitation

It has been shown that, with reference Lo Fossil diatom assemb-
lages, five out of mix selected GSalloway lochg situated in granite
catchments have becoms significantly more acid, by between 0.5 and
1.7 pH units, a process commencing between 1850 and 1925 according to
site {(Flower and Battayhbee 1983bh, Battarbee and Flower 1985). Moreover,
by way of site selection, neither afforestation nor other land-uss
changes within the catchments wers evidently responsible for the acid-
ification. The conclusion is that increased acid precipitation since
the Industrial Revolution has been the main cause of acidification.

Unfortunately, each of the sixr sites selected for diatom znalysis
wag historically acidic (pH < 6.0} and presumably supported an oligo-

dystrophic macrophvte flora. & simple comparison of species lists

[}

produced in 1904-% and 1983-84 cannot therefore indicate the extent of

oo

floristio response in response to acidification of these sites. HNever-

theless, the apparent colonisation by Sphagnum spr. in Loch Fleet since

19045 may provide such evidence. It should be noted, however, that
despite the apparent increase of Sphagnum in certain European and North
American sites, its sub-aguatic habitat is not a recsnt phenomenan.

Sohagnunm spp. was recorded along the shores of at least 10 Galloway

lochg in 19045 (West 1910): indeed West noted its unusual prolifer-
ation to a depth of 3 m at the southern end of Loch Grannoch, a size

whare diatom data indicats & pH of ca. 5.6 at that time, priocr to
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acidification in the 1820s (Flower and Battarbes 1983b). Bog moss
has also been recordsd growing at depth in Lake Avalanche {(USA} during
1880 (Hendry and Vertucci 1980}, and recorded from 52% of Danish lakes
with a pH less than 7.0, samnpled in the 1920s ([(Iversen 1929}).
guantitative sampling of aguatic macrophvtes in "lowland® iochs,
which receive primary water direct from upland waters known toe have
been acidified should vield potentially-useful data, particulariy if
pollen diagrams and macrofossil analysis from sediment cores were
cbtained. This would indicate whether eutrophic/mesctrophic species
{which would normally be expscted to dominate the lowland-type
macrophyte £lora) had heen replaced by oligo-dyvstrophic species in
rasponse to changess in water gualitv input from the upland siteg. Loch
Trool, with an input from acidifisd lochs {ewg. L. Valley, Round loch
¢f Glenhead) would provide an ideal site for intensive sampling {Figure
5. The problem of lag-time betwesen water guality change and aguatic
macrophyte change could be partially alleviated by comparing variations
in diatom assemblages and macrofossil/pollen remains in a dated sedi-
ment core.

4,7 Land=-use changs

Since the early post-glacial, many catchments have undergone con-
siderable vegetation change. Tree stumps underlyving psat, or ccourring
in the sub~littoral zone of some lochs {(e.g. L. Skae, L. Bkerrow,

L. Urr} provide evidence for ancient forest. Pollen analysis
{Stevenson pers. comm.) shows that blanket peat replaced the post-
glacial forest in the vicinity of the Round loch of Glenhead betwesn 3
and 5,000 yvears B.P. 'Today, the only "natural” tree and shrub veget-

ation {mainly Betula spp., Sorbus aucuparia, €alluna vulgaris and Vaco-

injum myrtilius) is confined to iglands withiln some lochs, {a.g.

L., Maberrvy, L. Ochiltree, Round loch of Glenhead), inaccessible to



Fipgure 5 The route of "primary? water from five upland lochs into Loch Trool
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grazing livestock and unaffected by moorland burning and afforestation.

By the garly 19th century, upland Galloway was dominated by sheep-
grazing, and the landscape was dominated by wild, rocky mooriand (WHest
18210}, The dominance of Melinia within catchments was considered by
Waest to be an important influence on loch vegetation. He suggesited
that the extensive mats of wind-blown, decayv-registant grass blades
which accumulated on many loch floors {e.g. L. Enochl, restricted
aguatic plant-growth within the photic zone.

With very few exceptions, most catchments in Galloway have been
partially or extensively afforested since the 1920s {(Table 9). The
previous abundant supply of Molinis has therefore been raduced or
curtailed. Loch Encch, however, continuss to be chavacterised by
inblown moor-grass.

Afforestation is accompanied by {i} short-term sediment input
as a result of ploughing (Battarbee et al., 1985}, and {ii) possible
enhanced collection of, and increased run-off by, acid substrates
{Harriman and Morrison 1982}. The latter =£fect is particularly
important if coniferous trees =mre planted close to the lochshore.
However, there is circumstantial evidence, based on the present study,
that water guality change (derived from comparative aguatic macro-
phyte datal, has taken place in non-afforested and afforssted catoh-
ments alike, a pattern also indicated by diatom-bassd studles (Flowsr
and Battarbee 1983k, Battarbes and Flower 1885}, HMoreover, water
guality change (i.e. acidification-oligotrophication) has apparently

oocurred in granite and non-granite catchments.
* J



e Pgrcentage of

Loch {in ranked order of
altitude;

Long Loch of Glenhead
Round Loch of Glenhead
Muck
Macaterick
Riscawy
Minnoch
Skae

¥inlas
Harrow
Howie
Leoninvar
Dews
Whinveon
Kirrieroch
Moan
Lochenbreck
Urr

Mannoch
Skerrow
Maberry
Ochiltres
Ronald

Pern

Trook
hrithur
Stroan
Wootinall
Clonyard
White

lochshore

surrounded by forest in

1830 and 1983-384

Fercentage of loch surrounded by forest

*
4.0

1983-84

g tAd
o]
[

*

pomrt
fﬂ '\:\3{:}

ﬁg YO D
(oG Qo

€
{

&

3

e

@

ok

“

by
CoCO0oODOoOoO00 0

s

E o

OO 00008y

s

R
o
P

]
oG
& .

%

T gt
.
*

determined from Ordnance Survey maps

estimated during fizld survey

includes broad-leaved deciducus woodland




4.3 Dam construction

A nuther of the sampled lochs have been sluiced or dammed,

. e F2 . , . _ .
to improve fisheries potential, or provide a supply of water For

nearby settlement (Table 10).

A rise in water-level causes bamk

Table 10

construction

Sampled lochs with raised water level caused by sluice or dam

Dam

Hiecawr
Minnoch
Skae + {fishing 7}
Finlas
Lochinvar
Whinyeon
Lochenbreok + {fishing)
Urr + {zailing)
Mannoch
Fonald + {sailing}
Fern

#
Trool + {(fighing 7}
Clonvard + {(fishing 7}

+ {water supply)

+ (hydroelectyic power)

#
+ {water supply)
#

+ {water supply)

+ {water supplyl

+ {fishing - entirely
man-made loch)

+ (fisning)

level raised on more

than one ococasion

erosion along the new shore-line and may change the predominant

littoral substrate. For instance,

sandy bays described by West {1910} aleng the eastern shores of

Riscawr, are no longery in existencs;

This substraie

=3

Juncus fluitans at the sxpense of Lobelia -

§

dus to dam congtyuction,

most of the shoreline and

the

Lach
il
favours the growth of

tittorslla - Isodtes

comnunities which prefer sandy areas,

West {1910)

also noted that
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after dam congtruction, the new peaty littoral zone had affected the

relative abundance of species within the loch. Indead, Nuphsr lutea

and Nymphasa alba both disappeared from L. Finlas soon after dan con-

struction (West 1%10): morszover, both are still absent today, although
the rzason for their disappearance and continued absence remaing

unclaeayr,

Benewed shore-line erosion will effectively increass thse input of
sediment in the short-term. The sffect upon water guality, and hance
floristic composition, within a loch is unclear, but would depend on
the zize ©f the waterbody, rate of sediment input, ﬁﬁdiwhether the
material was base-rich {g.g5. derived from glacial tills! or agidic
{#.g. blanket peat}l. Increased acoumulation of fins material might
encourage reedbed growth.

Regulation of flow might also influence aguatic macrophyvie dis-

tribution downstream from dams. The significant increase of Schoeno-

§

plectus lacustris reedbeds in Loch Stroan since 1804-5 may be in

response o regulated inflow of the River Dee since dam construction
created Loch Clabrervingshaws in the mid-1920s (Flgurs 6} . Previously,
the tremendous force with which the unregulated River Dee entered

Lech Stroan produced extensive scouring of  the loch-bed and swept
verlumineus amounts of Meolinia debris onto the sastern shore, forming a
prominent strandline 2-3 m above dry-weathsr water level (ses photo-
graph in West, 1910} . Today, this strandline is no longer evident, as
much of the catchment around L. Strean and the River Dee upstream, has
been afforested. Indeed, the mature plantation along the northern and
eastern shore-~lines may provide extra shelter, and, together with a lowser
water lavel produced by the regulated flow, enable finer sediments to

settle and thereby increase the potential for reedbed growth.
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"igure 6  The change in distribution of Schoenoplectus lacustiris in Loch

Stroan between 1905 and 1083

The distribution of Schoenoplectus lacustris m in 1905
(determined from photographs taken by West (1910))

Molinia

debris

The distribution of Schoenoplectus lacustris in July 1983

mature plantation

. forestry

no Molinia

debris
flow repgulated
by dam at Loch
Clatteringshaws
12 km upstream
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4.4 Eutrophication and liming

An increase in nutrient supply may be the result of
fartilizer application, either to improve pasture or aid forestry
growth. With the exception of Lochs Stroan and Trool, which both
receive primary water from upland lochs {cf. Figure 5}, the lover
altitude lochs, particularly those with an agricultural component
of catchment land-use, as expected supported an aguatic macro-
phyte flora which indicated they were relatively nubtrient-zich
{e.g, L. Arthur, L. Fern, L. Clonvard, L. White, L. Woodhall).
However, the threeg sites which, on macrophvie svidence, had becoms
nutrient-enriched since 1904-5 {namely Loch Finlas, Lochenbreck
loch and I.. Riecawr) are located at altitudes betwesen 198 m and
284 m. Furthermore, twoe naturally nutrient-rich lowland sites
{e.g. L. White and L. Woodhall) had apparently bheen subject to
nutrient impoverishment during the same period.

Nutrient-enyichment in Loch Finlas and L. Rigrawr is difficult
to explain because in both instances, a rise in water level caused

by dam construction hasn exposed a predominantly peaty shoreline,
s bt e 1ot i A et 17 - N

Lochenbreck has an extensive hay meadow along its northern shore:
fertilizer application is therefore most likely. ALl thres lochs
are well-stocked with trout and regularly fished: nutrient enrich-
ment might therefors be associated with fisheries management.

West (1210) considered birvds to be an important influence on
upland loch floras, and noted that the absence of waterbirds might
reduce the possibility of certain plant species colonising isoclated
siteg. A number of gull colonies and roosts were evident in 1983-84

{Table 11}, the most significant being that of ca. 500 pairs of

3 L L
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Black-headed gulls, Larus ridibundus, on the main island in Loch

Enoch. HNelther MoBain (1929} nor West (1910) mentioned this
substantial colony:; indeed, McBain emphasised the lack of bird-
life at L. Encch, a site which he freguently visited. 7The gulls
a-Loch Enoch evidently do not feed there, but forage in lowland
areas to the south-west, a Tact gleaned from the steady traffic

of birds travelling to and fro viae Lochs Neldricken and Trool.

Table 11 Sampled lochs with Gull colonies or roosts in 1983-84

Estimated size of Gull colony (pairs)

Loch {in ranked order Black~headed Gull Common Gull
of altitude} {Larus ridibundus) {Larus ganus}

Enoch 500 -

Skae - 10

Finlas - 20

Lochinvar - 10

Wninveon 5O -

Moan large roost (July) =

Urr 300 -

Maberry 50 -

Ochiltres large roost {(July} -

Ronald 100

Substantial amounts of guano may be produced by gull colonleg
and roosts but its influence on the nutrient content of oligo-
dystrophic waters {where most coloniss were found} is unclear.

However, diatoms collected from the pool on Loch Enoch island did

A
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not indicate nuitrient-envichment despite abundant guano on the
submerged stones ( R, Flower, pers. comm.).

Liming has ﬁecently mocurred in Lochs Dee, Finlas and
Mugk, to protect water guality for stocked Brown Trout. The
application of limestone and shells to inflow streams probably
affects the aguatic macrophyvte flora within the watercourses and
loch itself. Indeed the apparvent nutrient-enrichment of Loch

Finlas may be assccliated with this tvpe of managemeni.
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5. CONCLUSIONS

Despite methodological and data limitations imposed by the
exploratory nature of the study, clroumstantial evidence suggests
{a} A relaticnship betwsen water pH and trophic status.

{b} Bn impoverishment of the aguatic macrophyte flora in waters
with pH valuss less than 5.0,

{c} Localised changes in the distribution of oligo-dystrophic
species since 1304-5. An increéase ln fine sediment accumulation,
a change in littoral substrate following a rise in water level,
and inflow regulation downstrsam from dams are identified as
possible factors producing these changes.

{3} An apparvent loss of calcicole species, notably Potamogebon
lucens and F. pusillug from B lochs. If confirmed, this would
indicate floristic change in response to acidification-oligo-
trophication, a process which has been identified by changss in
the diatom flora within Galloway. The widespread distribution of

previously unrecorded Sphagnum spp. in Loch Fleet provides further

avidence for this process..

{e) HNutrient-enrichment is inferred in 3 lochs since 1904-5, possibly
associated with fisheries management.

Altheough all these conclusions are ngcessaxiiy tentative, they do
confirm the feasibility of assessing water guality changs using aguatic
macrophyte data. An integrated study of selected sites involving con-
temporary agquatic macrophyie surveys, together with diatom, pollen and
macrofossil analvesis of dated sediment corxes could gnable the chronology
of change to bs evaluated, Furthermors, the cause of any change could be
indirectly tested by selecting sites with differing catchment geclogy and

land-use histories.
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The distribution of littoral aquatic macrophyte vegetation

in 30 Galloway lochs during July 1983 and May 1984,
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Lochs are presented in descending order of altitude (see legend with Figure 7).

£ vegetation map of Loch Dee is unavailable.

Loch islands are shaded black
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