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The littoral

Abstract

flora of 31 Gal lochs was

surveyed in 1983-84. limitations! differences

between and documentary f10ristic data suggest

in 8 out of 23 sites since 1904-5. The appearance of

i3le!:'.i:l5iE-'~-"l2l~ in Loch Fleet t with an apparent loss of calcicole

from other sites! may represent a £loristic response to water

acidification.
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INTHODUCTION

not only represent a

of the within a lake

habitats essential for invertebrate life (Kenlan al~ 1984), which

in turn an food for fish.

Since the floristic of vii G'1in lakes

alters in response to water

effect upon the lake ecosystem can be

I response to such

changes

caD therefore be used to infer \iJater

with contemporary floristic

data (e.g. Roelofs 1983).

In with extensive diatom and water of

1 lochs in 1983~84f a botanical survey of

the littoral, at each sitE was conducted. This

paper seeks to ascertain the nutrient status of the lochs

date

i) the re LaTl,Dlls:nlp betHcen re and water

ii) distributional. data of

collected in 1983-84.

iii) the contemporary data with those

in 1904-5 (West 1910) ~

iv) factors vlhich have affected water

quality in G?i
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2.1

The distribution of is

determined by water chemistryl (Seddon

1967, 1972) and 1967), Furthermore, the eco-

logical tolerance of most aquatic has been

some have a wide tolerance I others are restricted to

nutrient rich waters (Table 1). A lake a

flora which reflects inter G~e inherent water con-

ditions; indeed, Scandinavian lakes have been

classified on the basis of their 1979). Sub-

strata characteristics also determine the actual distribution of

different aquatic within a lake! while is also

an important influence. For instance, ubiquitous olLi'4o-dvE:tl:Ol0hi

are suppressed or from base-rich waters strong

competition from

Table 1 The tolerance of

(Seddon 1972).

to Seddon (1972)

*

1. EUTROPHIC

2. EUTROPHIC
1

.... .I

Potamogeton

tlyriopj}yllum
§picatum,

Potamog~

-1
;> 200 wS cm

150-200 H

100-150 113. MESO-
TROPIne

4. OLIGO-
TROPHIC

5. DYSTROPHIC

... .1 50-100

<; SO "
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in vlater Hill induce a

floristic response. CCm,3eaLlel1tlv, a record of the

macrophyte flora, obtained from , or

botanical surveys of a lake over a of decades, should indicate

of \-Jater conditions ~ A vlell-document.ed is

the f10ristic response to in the Norfolk

Broads since t.he 19th (e~g~ George 1977, Jackson 1978, Phi

~cc-,a~l~~ 1978, Boorman and Fuller 1981). Little effort, however f has

been directed toward the floristic response in lakes to recenr

acidification, in areas~

The context of water \\iaters

The status of l.akes in areas would be

to decline after a retreat, ast.he

base-rich soils become leacheo f and peat develop (Iversen 1954,

Birks 1973} ~ i-1an r hOW-lever, has had a considerable

contTibution bOL'1 tDthe acidification -

influence f

and eut,rc-

of lakes\Table 2).

Table 2 t-1odi influences on la.J{e water 4'"Cuty, "Jith

special reference to Human

a) OLIGOTROPHICATION (nutrient in1p()v,eris;h,oelot

l~ Catchment leaching and formation

2. Afforestation ? (acid run-off ?)

3. Acidic

4. Peat erosion (a.ssociated vlith vlater level rise)

continued ~ ....



Table 2

b) {nutrient enrichment)

l~ Erosion of base-rich soil in catchment (caused a number of

factors: deforestation; p",ollghlng, heather

shoreline erosion associated with water level rise).1

MAINLY SHORT-TEm~

2~ Fertilizer - run~off associated with ~crY"'r rn rture OR

3. Sevlage

of fertilizers to

4 ~ Lime arlD,llcation (indirect factor) RECENT

Aquatic evidence for tion

has been inferred from pollen

Birks (1973), has shown that since the

From lake sites on

there has been a consistent decline and extinction of ~L£,~~~~~

a

Recent or acidification of lakes has been

identified from evidence the last 100

decline in dominant

Lobelia ~ Isoetes - Littorella co~uunities; and a concomitant pro-

liferation of has been

recorded in Sweden (Grghn al. 1974 f Gr~hn 1977) 1 the Netherlands

(Nilssen 1980, Roelofs 1983) and North Amerioa and Vertucci

1980). Both §E~Ellll and rJ-'-====r thrive in very acidic waters

(pH <4.0), often the therein

!Roelofs 1983). ~he substrata, it has been O"ol)osed that

extensive mats of :::i;:'~=~~=: prevent nutrient between sediment

and \Vater 1 rrrm,hir"rirn; and that the cation

of the tissue may increase water

and so retard bacterIal of detritus. A

consequence is an aquatic environment of reduced for a



A reduction in richness, and associated floristic

in certain Dutch ponds also suggests that

acidifi.cation are linked (van Dam and

and lake

1978) .

These results were obtained floristic data in his tor-

ieal documents with field surveys~ However, de the

of suitable base~line data (e~g. West 1910, Pearsall 1920;

Spence 1964, Seddon 1972, Stokoe 1983) t no studies of

aci.dified lakes have been undertaken in tile British Isles (cf. and

Cooke 19E34) ~



This

3. THE EXPLORATORY

was conducted as an addendwTI to an

intensive survey of 31 lochs

'(,-later surface sediment and diatom (Flower and

Battarbee p in As Slieh t t:he for

restricted the lack of time and

suitable i with the of Loch Fleet,

the data cannot be The main purpose in

and feasibi

the

of a more

data is therefore to confirm the

ST:W:IV f and

stimul.at£: interest in a field of research as yet

British Isles~

in the

3.1 as a suitable site

The of south-west Scotland represents a

suitable site for an of in

relation to recent acidification because

small area (3.500

the presence of

i) the area contains a

lochs (n > lOO) in a

ii) variation in solid

number of both and 10\l11and

and

catchments r areas of different

to acid 1) •

iii) variation in catchment land-use

afforestation since the 19208, sites

extensive

eet to

different run-off charact,eristics ..

iv) there is considerable evidence of recent acidification of lochs

in catchments, based on fossil diatom

(Flower and Battarbee 1983a, Battarbee and Flower 1985).



v) there is evidence the past

flaristic tion of many lochs. \'Jest (1910) 72

lochs in 1904-5 1 af which nine were

Spence (1964)

3.2 ectives

1958-61.

Within the considerable constraints on the

the main was to list! and wherever deter~

miner the distribution and abundance of

in the near~shore c zone of 31 lochs, chosen to reflect

a wide range of altitude, land~use and vlater

compare the conteD~orary flora with that documented

¥ to

\t-Jest ao years

beforehand! and, a status to each loch
,', .,
i,Dd.SC'.G on

the flora)j a

water change between 1904-5 and 1983~84.

3.3 Hethods

3.3.1

In 1904-5, ~vest the littoral and

flora of 72 lochs from a boat a hired

veget.ation vlas up a grab or rake; vlhere a

boat. VIas unavailable (e.g. Loch Dee! L. r"1acaterick and Lo

West walked the shoreline the remains of

from the strand-line. 'l~hree or four small lochs vIe re covered. tllUS,

each day. Both and "-lere recorded; the

floristic record i however, varied to .site. For

instance, a species cover a nurnber of adiacent lochs vlith

similar floras (e.g. Loch L. Brack i L. 1:1o\'lie and Skae) ~

On the other hand, a detailed of

distribution (occasional evidencE:: is

documented for individual sites such as Loch Enoch, Locherlbreck loch,

Lc)chinvar loch i L" Skerrovl f L. Stroan, L ~ Trool! L" ~'loodhcil1 and L. klhi te.
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to the lochs illustrated in 1

l. Loch Enact
2. Loch Fleet
J. Long Loch of Glenhead
4. Round Loch of Glenhead
5. Loch Muck
6~ Loch t"~acaterick

7. Loch Riecawr
8. Loch Minnoch
9. Loch Skae

10. Loch Finl21s
11. Loch Harrow
12. Loch Howie
13. Lochinvar
14. Loch Dee
15. Loch
16. Loch Kirrieroch
• 7 Loch MoanL, ,

18. Lochenbreck Loch
19. Loch Urr
20. Loch Mannoch
21. Loch Skerrow
'J ') Loch~k.

23. Loch Ochiltree
24. Loch Ronald
25. Loch Fern 70
26. Loch TraoI
27. Loch Arthur
28. Loch Stroan
29. Loch t'Joodhall
30. Loch
31. Loch v/hite



v~est,! s data are therefore

10

dE'S,cri1,t:ivs, i.e~ based on

of

However t ~vest

from his list did not

that the absence

that

it did not occur in an part of ths loch.

expert advice from other botanists

ensured that identification \t-JaS correct. in

he.rbarta liould? hOVIever f represent the most valuable record of l"Jest! s

~ J. 2 '1'he littoral

The contemporary survey \'las conducted titJO in

1983 and 1984, and involved 31 sites

of two lochs (L. Harrow, L. Skae) boat

1). vii th the ex-

Nas not

The littoral was from

around the lochshore (Table 3) ~ Water was (secchi disc

varied between 2m and 6m), so distribution in the

littoral zone could be determined. Abundance was assessed

on a ve scale the criteria !present' (rare) f

and 'abundanti

As the vid ter are most

to be submergent an offshore habitat!

the confidence Vii th \vhich the lists are

is limited. Examination of strandlinest characteristic of the

\-Jindward shores p Ided valuable data about the flora but

with West!s data is still rar from ideal~ Indeed, time

detailed collection and examination of from the

shore and littoral areas.

Lochshore

in late

inq difficulties included sv!arms of

vJest encount,erea similar to rest up

for three in 1905 to recover from temporary blindness caused by



'rable 3 The

11

of shoreline covered the

of littoral of 31 lochs

National Grid shoreline 010nth

Arthur NX 904688 "\ 1983I

NX 857.554 I Itl JUly 1983
Enach NX 44585 \'J May 1984
Fern NX 863624 ,

1983I

Fleet NX 560698 I \'/ 1983
Hm,-Jie NX 697834 , ~'J 1984
Kirrieroch NX 363865

I
1983

Lochenbreck NX 643655 \'i 1983
Lochinvar NX 548854 i']

Long Loch of Glenhead NX 446808 V,j

NX 286750 I 75 1<lay 1984
l'lacaterick NX 440913 W Hay 1984
Mannoch NX 664605 1984
Minnoch NX 530857 ~'J 1983
j-'1uck NX 513007 I 11ay 1984
Ronald NX 265644

I
\'i 1984

Round Loch of G1enhead NX 450804 \1 1983
Skae NX 710837 I W 1984
SkerroVl NX 806682 I 'tJ 1984IStroan NX 644704

I
l'] 1983

Urr NX 760845 1984
NX 625608

J
t-J 1984

v-Jhi te NX 864547 vJ 1983
~'Joodha11 NX 673675 vi 1983

Finlas NX 460983 1 Itl clay 1984
Harrow NX 527867 ~ 50 - 75 \;1 1983
Riecm"lr NX 434934 I \'J [,lay 1984
'l'rool NX 412798 J ~'J May 1984

Dee NX 487790 1 VI 1983
[-loan NX 348858 25 1983
Ochi1t.ree NX 317745 1983J
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and bites~

~ 3.3

In 1984 r Loch Fleet was more

Eleven transects, to the shore were selected, and

each f 3 (0.0625 area) were at

of O~O! 0.5; 1.0 and 1.5 ffi. Individual abundance was

assessed as percentage cover, and

ror identification~

taken back to the

data ·vJere obtained frem matecL;'

collected from 80 Ekman taken from a boa t, ~ The tion

of each site was determined from two, shore-based,

tables. (Anderson, in

3.4

The basic and chemical of the \vater

in each loch are in Table 4~ Altitude

between 32m and 493m O.D~f pH between 4~4 and 7~6f and

between 29 and 116
-1

US cm vJater within a lake can vary

on a diurnal and seasonal basis; these

data represent a limited assessmEnt of the environment

al it must be noted that lochs 'Hi th Cl, less than 5.5 are

v-Jel1 buffered aluminium ions and exhibit little variation

the year and 1983

If each loch is a status, determined the

minimum nutrient tolerance limit of its

atives t it appears that there is a correlation between nutrient level and

of the 1tJater 2a). Furthermore, richness appears to

be

2b) .

poorer in waters with a pH value less than 5.0

A total of 42 were recorded, of which 25

were Indeed! the



Loch: in ranked order
of altitude Altitude

Catchment

Enach 493 G 4 .5 ~ 4.5 29 ~ 5:1
Fleet 340 G 4 .5 - 4 .6 47 - 60
Lone; Loch of Glenhead 298 G 4 7 - 4 .7 4"' ~

fin
" , ~+c

Hound Loch of Glenhead 295 G 4 .7 ~ 4.7 46 - 49
Muck 290 3h 5 .0 ~ 5 7 69 ~ 79
Macaterick 286 G 4 .8 5 .0 51 55
Riecawr 284 G 5 .0 - 5 .3 51 - "JJ

t"1.innech 272 Sl 5 .0 - 6J) 45 49
Sk2.e 263 Bh 5 .J - 6 1 60 - 70
Finlas 254 Sh ~ . L 7 57 68~~ ~ :) J

HarrOVI 247 SI 4 .9 - 5 .0 38 - 49
RevIie 232 Bh 5 " - 5 .6 64 - 76.~

Lochinvar 227 Bh r .3 7 .1 65 77to

Dee 225 G 4. 9 - 5 .9 30 73
216 Sh 6.7 - 7 .0 70 - 108

Kirrieroch 213 Sh 5 .0 - 5 .1 48 - 70

r-1oan 205 Sh 4 7 - 5 .9 57 - 89
Lochenbreck 198 Bh 6 .3 - 7 .0 71 - 108
tirr 190 Sh 6 .0 - 6 r 58 - 68.~

t"lannoch 128 Sh 6 1 - 6 .5 85 115
Skerrow 127 0 5 .2 - 5 53 79

118 Sh LLB -7.1 110 - ~ 1 ~

1,--I..-L

Ochiltree 104 Sh 6 .0 - 6 .4 68 ~ 110
Ronald 101 Sh 6 .2 - 7 L 88 - III• J

Fern 78 G 6 7 - 7 1 109 - 113
Traol 75 Sh A .9 - 5 L 37 62~ .~
Arthur 73 G 6~8 7.6 87 110
Straan 70 G 4.4 - 5 .6 46 - 87
'{Joedhall 53 Sh 6 .6 - 6~9 91 - 112

34 G [) .B - 7.1 113 - 115
vTnite 32 G 7.0 - 7 ~1 114 ~ 116

G Granite
Sh Shales I
SI Slates



between inferred status ,

and of lochs in '19(j3-i:Jl+

F,
E
o

110

.. "A......I ..
~L l::t.L~ (@ M.... ..ee: #)..

OLIG

mT~UT

MESO

DYS

pH

DYS;aLIa;
flora

ltrop11io: H1SO;

2b The betvJeen littoral macrophyte richness and

of 30 lochs in 1

I
ill

~ 2~ illIII
~ I iIli

[J] Il
illi

11
(jJ 11 iIli ill

-cl 15 iIli 11111 iIlill0 III
(jJ 11 e e

llii"" 11[J] Ilii
'H 10

1

Ilii Ilii III Ilii
0 11
H

l1li
11(jJ

~
51

11
z

,
1{.

,
(';5 7

Data from Loch Minnoch excluded due to exceptional turbidity
Si.1:rvey



1.5

variation in altitude, catchment

Littore

and J:;.Cl~':'3:".12:"~ j'_l_u_v_~a_~i_l_e_, occurred in more than

75% of the sites (Table 5) ~

In many lochs (e~g. L. Kirrieroch) the effect of vlina exposure

on distribution was clear eastern shore-

lines Vler2 and devoid of cover;

contTast sheltered characterised finer sediment often

emergent reed

3.4.1 1904-5 and

Twenty~two of the 31 sites were

1904-5, and the respective data are in Table 6. The con-

temporary data ror L. are with those da'ta collected

1iJest from L. Dornell, a similar less than lOOm distant;

23 lochs therefore the basis for a

assessmenL. Since the methods used in 1904-5

and 1983-84 are not satisfactori the data must be treated

with caution and only tentative conclusions drawn~

{~ \
,UI of data

One strategy is to consider only and emergent vegetation

from both data sets: these types of are most to

have been recorded both observers, and in distribution or

abundance most to be real. Urlt(OrtLlniitel.y, emergent vegetation r

Wl th fev] (e ~g. :ryE~51'1:') has a tolerance range

2nd therefore to be useful for water

se ~ HOvJ8Ver! floristic change

arised in Table 7~

this strategy l.S summ-

The most consistent floris,tic is by an increase



Table 5 The tr'2qllen,cy distribution of littoral

recorded in 31 lochs 1983 - 84

status of loch l

n
DYS

8 9
mEUT

3

(5 ) 4 8 6 18

( (4 ) 6 5 1 l cI L

I (3) 4 1 5
(3) 2 c

I

L

(4) 4 1 5
( 5) 3 1 1 5
(5) 9 7 6 ye,

~£J
[f] (5) 10 8 G 1
til (3 ) , 1H L

V f r' 10 8 8 3 290J ' :J)
t:4 (5) 10 7 G 24[f] L

(5) 2 6 8 1 17
(5) 2 6 3 1 12
(5) 1 1
(5) 3 4 3 10
(3 1 1
(5) 2 2
(4) 1 1
(2) 3 3
(3) 1 1 2
(5) 8 7 8 2 25
(4) 2 1 3
(5) 1 1
(3 ) 2 2
(4) 1 1 L

(5 ) 4 4 3 1 12
(5) 3 2 1 6
(5) 1 ,

L

agg. (5) 1 1

r (4) 4 2 6

I
(5) 4 3 3 10
(5) 10 8 9 3 30UJ (3 ) 1 1ril

H
(5) 8 8 9 2 27v

k1 (5) 8 7 9 3 27(l,
UJ (5 ) 6 4 5 2 17 I[-;

(5) 1 4 2 7
,

z

Iw
(3 ) 2 2[5

'" (5) 6 5 4 17w 2 I:s
(S ) 3 6 1 10w

II

l (5) 3 1 4 I( 2) 1 I
f {\ 2 2

,
\ '" ,

----,~

TOTAL SPECIES RECORDED 7' 18 36 24 42,5

tolerance of individual shown ,in (see Table
)1

st.atus of loch determined by flora: DYSi

OLIG ; t4ESO mEUT



rable ,__ Lit toral :-1quaTlc

data lYl

v/est (1910)

+

recorded

i',,'hKk M'cot'r!c Wf

290 200 284 272

!JJ] 5JJ O~O

~

" -+

-+ -+

+

+

+
+

"'"

"
+

+
+

A "-
i J ;

+
-0

+

-+ +
+ + + + + D

+

4
7
/

3
4
5
'3
5
~

5
5
"~,
5
5

"""Z
J

c;
/

if
2-

"JI
c;
J

5
If
c;
J

3
I
5
LL

1

5
t'"
:J

5
5

agg~ 5
4
5
5
:;;
cc
/

5
5
5
c;
J

5
3
c;
/

Altitude (
r"linim11JTI

tolerance (see

SPECT

@

l
abundance: + o abundant



L'able (contixiue i)

T '-J~I~ Skae Finlos IHarrow Howie 000.LUvh

~3PECIE;S
Altitude ( 21B 254 241 232 221 225 216 213

Minimum !i5 5,5 ! 4,9 5.4 6.3 4,9 6.1 5,0

Fi:L3.mc:ntou3 I I,
5 fe I b + .,.. A +

I I , I,.
fe I fe I +

I
I + I feT

I'" I "/
I3

,

II I'+ I I5 I

I
I 4'

I ,
" + "/

I I
4'

) I I,5 I I I "5 I

I
I I5 !

5 I + I
4,

5 I
I

I

5 I
I 4

3
, II

5 I I I
4 I

I II2 I .,..

I
,

I3

I1 I
I

5 83 +

I
+ +

3
4 I5
3

I
+

1

5
L+ I

1 I
5 fe I I +
5 I 83
5
5
;; III

4
5
5 +
'Z

"
~-'J

5
,'''1 5 .,..
'--j
n 5;>"'-
~L!

5UJ
.,..

M 5 i1 fe

t< 5;,,,",
n Zn
y' /

~ 5;:;
;..:::c;

/

5
2

l 3

lE tolerance (see Table 1) ; 0 recorded by West ( 191

abundance: +
. \

6 @abundant\ rare;;
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'I\'lb1c continued.)

LOCH Moon Urr

Al.titude ( :105 198 190 128 127 104 101
1~

,
i'ilDJnlUin , 4,1 6,3 6.0 tU 5.2 6.0 , 6.2

Fi 1<unentou;'3 L L

IC; + + + + .. +/

Lr t- L + + I5 +- +
I

"

I
j

4 i' +
5
.5 ifi] + +
5 + + + +
3
" + .. .. Lj

c; i!l + ..j

.5 t- .. L L "

I
5 L + L

(->--{ "/
5 L +
3 +
.5 + II,

I
"/
1
5 + + + + +
3
4 +
C; 0j

I .5 +
I 1I .5i

I 4 +
! 1

5 +
c;
j

.5

.5
5

1+ +
5
,5 L " .. +
.5
.5"3;"- 5 + + L + +H

G:~ .5
c + + + + +U) ./

8 5 + + + +
r~ " +
(~

j

t3 .5 + +f2j
5 i + +

~
+

5 + "I 5

l 2
.5 +

tolerance (see rrable 1 ) ; recorded West ( 1

1 abundance: + ( rare) ; " .. abundant

\;JeiJt I"" dat:1 from I,oen Dornell"
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['able 6 continlH.::d

LOCH fern T'ool A'ihu, Stroon Wood"11 Cl hife

SPECIES
Altitude (m) 78 15 13 70 53 34 32

l'tinimThTI 6,7 4,9 5,8 4.4 , 5,5 5,8 7,0

Filarnento1l8

I5

4 I ,, +
3 I I-+ I +
3 I !4 + A +

I
,

c + I +/ ,
.5 I I I +
5

I I I,
'Z +

I
/ I
5 '" i I

A I r

5 ~ +I Ic + I I ,
/ j I

I
I

'c 5 .. ! -+
1

A '"'~~ I"._, .5q
1.;;; 5 .. I -+ I0.,
en " !/ I
;,2 .5 I -+
i-----J 4 '+' .

2 '" I3 -+

I
+

1 I
5 +

I '"3
4- I+ +
c 0 I I,
/ ,
3 I I1 I I.5
4 I + I1 I I I

l I I.5 + I±J

I

-+
'0

I
/

5
.5
c I
/ I I I
4 '"

, + I -+ + I
I I

.5 I Ic

I
A ~ I"' '" I3 A

5
,

I:'3 '0 I A

i
+ I A I

/\'''\ I !

I
r ~ .5'< Ilu ,

C .. I±J A,;"' /

I
C--4 :; + -+
,._~

5 I -+

i

'"'Z
;Y.

IL.1 5 ..
i

~ .5 I!J
.5 + I + -+

I2 !
') ~

tolerance (see Table '1 ) j reccrded by West ( 1910)

:lc::ance: -+ ( A .. abundant
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'rable 7 FlorlstIc .in 22

Floristic

lochs between 1904-5 and 1983-4, which can be

between 1904-5 and 1983-84

Loch

Enoch

Fleet

lost

Harrow

Howie

i ~"ee'!b'C'"S""~~;~"L=tJ:.l!2 lILtJ19X

I~ochinvar

Lochenbreck

Ronald

!\)
~

Trool

SLroan

WoodhaLl

vlhi tE-:

1

{ !2.<::112""19P1"'51t'lS

Florist.i.c of emergent in Lanq and Round Lochs of Glenhead, Lw Nacaterick, L. Riecawx,

L. Ninnoch f L. Sl:,ae ( L. Dee,

"--- "~---_.~--

rand L. SkerX01tl sirnilar in 1904·-5 an,d 1983-84
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in reedbeds (notably !luviatile.f and

lacustris particularly in the lowland lochs~ Even

so, considerable variation between sites is evident~

and have apparently disappeared from L. Harrow

(replaced by Carex rostrata 7) but increased in

L. Stroan (see Figure 6) . In Loch Woodhall, both snecies

have apparently displaced the previously abundant fluv-

at the northern end (Appendix); ffiest (1910) noted that

."".cL'.:.c':=':=';:cc-::,,- a t the north end of the loch was in

stature !!nslf'" 3 or 4 feet out of water 6 feet

has also eVidently decl.ined at. the eastern end of Loch Traol since

1905: described yJest (1910) as Habundant tl in the of

the delta, it is nOVl little more than

Conversely, has increased in abundance along the south-

west shore of Lochep~reck loch (Appendix) ~ In Loch Clonyard, the

sedge/reed described by West (1910) has little, save

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

apparent increase of ~J!J2I::'a. la_t_i_f_o_1_i_~. The "broad belt H of

present in 1905 has evidently diminished {Appendix) .

Other than these changes! the distribution of

remained broadly similar since 1904-5.

has

An increase in reedbeds, in the lower altitude

sites {e.g. L. St,roan, L. Noodhall, L. and L. White) is

in response to a change in littoral sediment characteristics,

namely an increase in fine particulate accumulation. {l967}

indicated that such a was likely to be very slow in upland

lochs Hi th catchments but relatively in

lOvlland r !!1§ettle-hole il lochs, a pat.t.ern confirmed the



are like

data. Dam construction and

te accelerate sediment in upland lochs, at least

in the short-term; it is Like , therefore, that the

reedbed situated near the influent 'datercourse

Loch t-1innoch, and in distribution since 1904-5, is

to increase as a result of substantial sediment lD 1983~ This

1:Jas caused construction of a small scheme

dam construction and modification to Loch Dungeon upstream.

(b) of the entire and 1983-84 data

l\ sc'cond f less is direct bet.v/oon

the entire daLa sets

that:. the

in 1904~5 and 1983-"84. This assumes

debris rE~corded alonq the strandlinc in

1983-84 Has

r1oreover f minor

of the entire loch! a

in floristic

dubious pre-

derived

from this

small

could be the result of natural fluctuations ~

may decline l die out or establish within a loch at

any time ~ l:-IO':.rJcver f apparent floristic identified this

strateqy be useful in sites v-Jhich warrant further

intensive

The apparent loss of many broad-leaved, sUbrnerqent

represents the most notable fc\'ature (Table 6) f

ton

lack

of suitable account for this difference~ If confirmed,

the most would be the loss of

from seven sites and ~P~.~"~~~~"~ from four sites; both are

knovm ca1cieales 1967) and (Seddon 1972).

'l'heir loss ltlould suggest a response to acidification ~



the minimum tolerance of recorded at

each site, individual lochs can be a nutrient status in

1904-5 and 1983-84. It is evident that 10 out of the 23 lochs

common to both surveys have suffered apparent nutrient

ment since 1904-5, while three lochs have been nutrient-enriched

(Table 8i. Most dramatic has been the inferred

of Lochs Howie, Skae and Trool~

flora of Loch Fleet

It lS to assess possible water deterioration

of lochs the

absence

biomass surveys of

Only cover abundance/

wi.ll indicate consistent

changes in £loristic over a number of years. This

strategy has revealed the decline of

cOIT@unities and a concomitant of in

Sweden (Grghn e~ al. 1974). The 1984 Loch Fleet survey has at least

provided a basis upon which future can be assessed~

data obtained from the littoral transacts and Ekman

indicate a l1a + Lobelia + Isoetes zonation with
=-::=:=c:~

water , a pattern typical of most soft-v-later

lochs 3) ~ However, also revealed the

distribution of (mainly S~ subsecundum, but also S~

P. Maore pers~ corr~.)

between 2m and lOm 3 and 4). The presence of

is important because (ii it was not revealed the 1983 littoral

survey (Appendix), (ii) it was not recorded from Fleet in 1905 (West

1910), and (iii} surveys of other lochs may reveal

its true extent in Gal as its association with

aCidified waters has been (cf. Fry and Cooke 1984). The



Table d. 1flater in 23 lochs 1904-5 to 1983-84

deduced from in their flora

,1"'------- 1983-84 inferred *status -------.."

n

*

LOCHINVAR
\AJrIITE

2

RONALD
ifJHINYEON

LOCHENBRECK

6

t4J\EBERHY

DEE

3

HOvHE

TEGOL

LLG
RLG
[C1ACATERICK

r~INNOCH

Ht<.HROifJ

SKEHRO~'J

l2

n

see Table 1

LLG loch of Glenhead

RLG Round loch of Glenhead



LiLLu"e 3 The Hf"W.h distribution of four

in Loch Fleet, July 1

o 1 2 3 4
of water (metree)

5 6



4 in determined from

taken in 1984

o

o
o

o

o

o

o

o

o
o

o
o

o
o

o 0

o

o
o

o

contour ( intervals)

containing :?P·fjEg!lilllL...§j)PJ

Inwash of dead rerrains

lOll m

o

lIiI Grab sa,mp~Les

o Location of E~~an grab



most

loss of

sites to sample would be those an apparent



/j ~ DISCUSSION

The results indicate, albeit tentatively! that watf:r I,y

has in il number of lochs since 1904-5 ~ It is

to discuss some factors 't/hich affect vlater in the

.1

It has been shown that! with reference to fossil diatom assemb~

1 five out of six selected lochs situated in

catchments have become more acid f between 0.5 and

1.2 pH units, a process between 1850 and 1925 t.o

site (Flower and Battarbee 1983b, Battarbee and Flower 1985) Moreover;

'V-lay of site selection; neither afforestat.ion nor othc:r land~use

wi thin the catchments v/ere for the acid-

ification~ The conclusion is that increased acid tation since

the Industrial Revolution has been the main cause of acidification.

; each of the six sites selected for diatom

was historical acidic < 6.0) and an

flora. A of lists

in 1904-5 and 1983-84 cannot therefore indicate the extent of

floristic response in response to acidification of these sites. Never~

theless, the apparent colonisation in Loch Fleet since

1904-5 may such evidence. It should be noted, hO\-'1ever! that

the apparent increase of in certain European and North

fuuerican sites, its habitat is not a recent

vias recorded

lochs in 1904~5 n-Jest 1910);

the shores of at least 10

indeed t'-iest, noted its unusual

aLion to a of 3 m at t.he southern end of Loch Grannoch 1 cl site

v/here diatom data indicate a pH of ca~ 5.6 at, that time, to



acidification in the 1920s (Flower and Battarbee 1983b). Bog moss

has also been recorded growing at in Lake Avalanche (USA) during

1880 (Hendry and Vertucci 1980), and recorded from 52% of Danish lakes

with a pH less than 7.0, in the 1920s (Iversen 1929).

Quantitative of macrophytes in Hloitlland" lochs,

which receive water direct from upland waters known to have

been acidified should if

diagrams and macrofossil from sediment cores were

obtained. This would indicate· whether

{which would be

flora} had been

to dominate the

in

response to in \.vater from the sites. Loch

TrooI, with an input from acidified lochs (e.g. Round loch

of Glenhead) would provide an ideal site for intensive

5). The problem of bet\1een water and

could be alleviated comparing variations

in diat.om

ment core.

4.2 Land use

and macrofossil/pollen remains in a dated sedi-

Since the post-glacial, many catchments have con-

siderable Tree stumps peat, or

in L~e sub-littoral zone of some lochs (e~g~ L. Skae f L. Skerrow,

L. Drr) provide evidence for ancient forest~ Pollen

(Stevenson pers. comm~) shows that blanket peat the post~

forest, in the of the Round loch of Glenhead between 3

end 5,000 years B.P. 'radaN, the lI natural ll tree and shrub veget-

ation (mainly Sorbus and Vacc-

urn is confined to islands within some lochs, (e.g.

L~ MaberrYt L. Ochiltree, Round loch of Glenhead), inaccessible to



:]111e route of

Arran

water from five lochs into Loch Trool

QJ

-g
+'
-cl
+'

~ 200m

100m

Neldricken

~ Valley

TraoI

o 1 2 3 4 5

Horizontal distance

LLG = Long Loch of Glenhead
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grazing livestock and unaffected by moorland burning and afforestation.

By the 19th century; was dominated by

grazing, and the landscape was dominated by wild, moor land n'le s t

1910). The dominance of ~c~~~ within catchments was considered

\.'Jest to be an influence on loch He

that the extensive mats of wind-blown, grass blades

which accumulated on many loch floors (e.g~ L~ Enach), restricted

within the zone~

~1i th very rev; e~:c"ptiorlS( most catchments in have been

or afforested since the 19208 (Table 9) ~ The

abundant of ':'.'21:.:':E~"" has therefore been reduced or

curtailed. Loch EnacD! however, continues to be characterised

inblown moor-grass.

Afforestation is by (i) short-term sediment

as a result of ploughing (Battarbee et al~ 1985), and (ii)

enhanced collection of, and increased run-off , acid substrates

(Harriman and MorrisoD 1982)~ The latter effect is

if coniferous trees are olose to the loohshore.

However, there is circumstantial evidence, based on the present

'that water (derived from macro-

data), has taken in non-afforested and afforested catch-

ments alike! a also indicated by diatom-based studies (Flower

and Battarbee 1983b! Battarbee and Flower 1985) ~ Moreover, water

change (i.e. has

occurred in and catchments~



Percentage of loch surrounded forest

(in ranked order of
altitude)

Enoch

19

Fleet
Long Loch of Glenhead
Hound Loch of Glenhead

[·tuck
tJlacaterick
Hiec,;Hvr
t~linnoch

F'inlas

40.0

50.0
100.0
100~O

100.0
20.0

HatTO\'j

HO"Jie
Lochinvar
Dee
itJhinyeon

Kirrieroch
Noan
Lochcnbreck

Drr
Hannoch

Skerrow

Ochiltree
Hona1d
Fern
'frool
Arthur
St-roan
~'jooclhal1

C' r,mlAyrl

ltJhi te

30.0

5.0

*30.0*
20
30.0

*30.0

*30.0

•40.0

GO~O

100.0
5.0

40.0
30.0
75.0

laO.O
70.0

60.0
40.0
10.0*
40
20
60.
50
70.0

*50.0

10~0

*60.0

Et
determined from Ordnance maps

b
estimated

*

field survey

includes broad-leaved deciduous woodland



A number of the sampled lochs have been sluiced or darr~edt

to fisheries potential I or provide a of water for

nearby settlement (Table 10) ~ A rise in water-level causes bank

Table 10 lochs with raised water level caused by sluice or dam I
construction

+ ~ entire
man-made loch)

Dam

+ (water

+ lectric

7)

*+ {water

*+ (water )

+ (water

+ (

+ (

+

+ (

Loch (in ranked order
of altitude) Sluice «l.Om

Riecat,-Jr

Hinnoch
I ~,j ;:>Kae

IFinlas

1

1 Lochinvar

Lochenbreck

IUrr

IManncch

IRonale
I

Fern

+ (fishing ?)

+

water level raised on more than ODe occasion

littoral substrata. For instance? due to dam construction, ~~e

erosion the new shore-line and may change the

described by West (1910) along the eastern shores of Loch

Riecawr, are no longer in existence; most of the shoreline and sub-

littoral zone is now peaty~ This substrate favours ~~e of

at the expense of

cO~uunities which areas. West (1910) also noted that



after dam construction t the ,new peaty littoral zone had affected the

relative abundance of wi thin the loch. Indeed!

and alba both from L~ Fiulas soon after dam con-

struction (West 1910); moreover f both are still absent today,

the reason for their and continued absence remains

unclear.

Renewed shore~line erosion will effective increase the of

sediment in the short-term~ The effect upon water and hence

florist.ic within a loch is unclear; but would on

the size of the wactE,rl)OOV; rate of sediment and whether the

material was base~rich (e.g~ derived from tills) or acidic

(e.g. blanket peat) Increased accumulation of fine material

encourage reedbed

of flow also influence dis~

tribution downstream from dams~ The increase of Schoeno-

reedbeds in Loch Stroarr since 1904~5 may be in

inflow of the River Dee since dam construction

6) .in the mid-1920s

response to

created Loch

the tremendous force with which the River Dee entered

Loch Stroan extensive scouring of the loch-bed and swept

voluminous amounts of ~~~~ debris onto the eastern shore l a

prominent strandline 2~3 m above water ,level (see

in West, 1910). Today! this strandline is no evident! as

much of the catchment around L~ Str0a~ and the River Dee upstream, has

been afforested. Indeed, the mature plantation along the northern and

eastern shore-lines may extra shelter, and, with a lower

vlater level by the flow l enable finer sediments to

settle and increase the potential for reedbed



Figure 6 The change in distribution of Schoenoplectus lacustris in Loch

Stroan between 1905 and 1983

'['he dis tribution of Schoenoplectus lacustris _ in 1905
(determined from photographs taken by \vest (1910))

Molinia

, debris
f/

'-----'
lOOm

N

t
River

The distribution of Schoenoplectus lacustris in July 1983

I?iver

?
rlm; rel,"Ulated
by dam at Loch
Clatteringshaws
'12 km upcstream

L....-...l
lOOm

mature plantation

no Molinia

debris



4.4

An increase in nutrient supply may be the result of

fertilizer application, either to pasture or aid

growth~ With the of Lochs Stroan and Trool, which both

receive water from upland lochs (cf. Figure 51! the lower

altitude lochs, those with an

of catchment land-use, as expected an macro-

phyte flora which indicated they were relative nutrient-rich

(e.g. L. Arthur, L. Fern, L. Clonyaro, L~ wnite, L~ Naoanall).

However, the three sites which l on macrophyte eVidence, had become

nutrient-enriched since 1904-5 (namely Loch Finlas, Lochep~reck

loch and L. Riecawr) are located at altitudes between 198 m and

284 ill. Furthermore, two naturally nutrient-rich lowland sites

(e.g. L. ,lliite and L. Woodha11) had

nutrient impoverishment during the same

been to

to

Nutrient-enrichment in Loch Finlas and L~ Riecawr is difficult

because in both instances, a rise in water level caused

by dam construction has exposed a peaty shoreline~

Lochenbreck has an extensive hay meadow along its northern shore;

fertilizer application is therefore most All three lochs

are well-stocked with trout and regularly fished; nutrient enrich-

ment therefore be associated with fisheries management.

West (1910) considered birds to be an influence on

upland loch floras, and noted that the absence of waterbirds

reduce the of certain isolated

sites~ A number of colonies and roosts were evident in 1983-84

(Table 11), the most that of ca. 500 cf



Black-headed gulls, on the main island in Loch

Enoch. Neither McBain (1929) nor West (1910) mentioned this

substantial colony; indeed, McBain emphasised the lack of bird-

life at L~ Enach, a site which he frequently visited~ The

at Loch Enach do not feed there, but forage in lowland

areas to the south-west, a fact gleaned from the traffic

of birds

Table 11

to and fro via Lochs Neldricken and Troolb

Sampled lochs with Gull colonies or roosts in 1983-84

Estimated size of Gull colony (pairs)

Loch (in ranked order
of altitude)

Enach

Skae

Finlas

Lochinvar

vlhinyeon

Hoan

Urr

Ochiltree

Ranald

Black-headed Gull
(Larus ridibundus)

500

SO

large roost (July)

300

50

roost (July)

100

Com.rnon Gull
(Larus canus}

10

20

la

Substantial amounts of guano may be produced by gUll colonies

and roosts but its influence on the nutrient content of oligo-

waters {where most colonies were found} is unclear~

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



not indicate nutrient-enrichment abundant guano on the

submerged stones ( R. Flower, pers. co~m.).

Liming has

Muck, to

occurred in Lochs Dee t Finlas and

water quality for stocked Brown Trcut. The

of limestone and shells to inflow streams probably

affects the aquatic macrophyte flora within the watercourses and

loch itself& Indeed the apparent nutrient-enrichment of Loch

Finlas may be associated with this type of management~



5.

and data limitations by the

nature of the study! circumstantial evidence suggests

(a) A bet\."Jeen water and trophic status~

(b) An of the flora in vJaters

vlith values less than 5.0.

(c) Localised in the distribution of

since 1904-5. An increase in fine sediment accumulatioD!

a change in littoral substrate a rise in water level!

and inflow regUlation downstream from dams are identified as

factors these

(d) An apparent loss of calcfcole

lucens and P
~~J:.::==~

from 8 lochs~ If confirmed, this would

indicate flcristic in response to

tr"cj)hlc;ai:fon; a process which has been identified by fn

the diatom flora within

unrecorded

evidence for this process.

The distribution of

in Loch Fleet further

{e) Nutrient-enrichment is inferred in 3 lochs since 1904~5!

associated with fisheries management.

Although all these conclusions are tentative, do

confirm the of v;ater

data. An study of selected sites involving con-

temporary surveys, with and

macrofossil of dated sediment cores could enable the

of to be evaluated. Furthermore, the cause of any could be

tested by se sites with catchment and

land~use histories~
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sites.
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