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fAbstract

A survey of the sublittoral vegetation of eight BGalloway
lochs in 1989 showed that Sphagnum was abundant in L. Fleet.
It was found in four other lochs, being particularly abundant
in toch Stroam and Loch Trocl. Reference to historical data
suggests that Sphagnun established after 1905, while evidence
from sedisent cores indicates a very recent appearance
{post-19&60) in Loch Fleet. These changes may be a floristic

vesponse Lo water acidification in Galloway.



Ahstract
1. Imntroduction

2. Methods

2.1 bLoch Flest
2.1.1 198485 transects.
2.1.2 Sublittoral grab samples.
Sublittoral grab sampling in Round
Glenhead, L. Bkae,; L. Harrow, L.Howis,
L. Bkerrow, L. Trool and L. Stroan.
Aesessing short-term ditribution
changes of littoral macrophyvtes.

k3
b

bt
»
iu-

ar

Z. Hesults

Z.1 The aguatic macrophytes of Loch Fleet.

2.2 The sublittoral vegetation of seven
other Galloway lochs.

Z.3  Chanages in the distribution of
littoral macrophytes, 1983-85.

4. Discussion
Acknowledgments
References

Appendix 1. Ekman grab sample sites in seven
Galloway lochs swuwrveved during
1985,

Apperndix 7. Ekman grab sample data from seven
Galloway lochs surveved during
1985,

Appendix 2. The distribution of FMolinia and
Sphagnum debris within Loch Fleet
in 1985,

Appendiyx 4. Changes in the littoral macrophyte
vegetation between 19873 and 1985,

1=t

Pk

S~

1y

13
13

19

2

39

44



INTRODUCTION

A prploratory study involving comparison between
contemporary Tield suwwveys and historical aguatic macrophyte
data concluded that the nutrient status 1n 8 out of 23
Galloway lochs had declined between 1903 and 198384,

Moreover, the loss of calcicole species (e.g. FPotamogeton

lucens) from a number of these sites ieplied a floristic
change in response to water acidification (Raven 198%5).
These conclusions were tempered by the fact that only
macrophytes. in the littoral region of each loch was sampled
in 19835384, and that floristic change in response to
acidification and/or cligotrophication in previopusly

gligo-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 fTloristic change 1in response to water acidification
(Hmelmfs‘et al. 19847, Since a number of lochs in Galloway
are known to bhave been acidified {Flower & Battarbee 1987:
Fatttarbes & Flower 19835);, i1t is appropriate to assess if
Sphagnum has increased in this part of Scotland. With the
erxoception of lLockh Srannocch, no sublittoral growth of Bphag..um

was reported during an gxtensive floristic survey of Galloway

lochs i 1905 {West 191071, The presence of sublittoral
Sphagnum in 1985 would therefore represent a similar

floristic trend which has been reported in recently acidified
lakes in  Sweden (Grahn et al. 1974; Srahn 1977}, the

Metherl ands (Roelofs 1983 and the United States (Hendrey %



Viprbusoe 1l DT9EGY .

Sukrl it boral macrophyte data from B Galloway lochs are

presentad an this  paper. With the exception of Loch Fleet,
bhe sampling was rudimentary  because macrophvies represented
a minor component of a resegroh programme whioch fTocused on
Fimnlogioal and diatom date collection and analvsie (Flower
et =l. 198&). At Leoch Fleet, however, & cosprehensive
datza-bacse dagcribiﬁg the distribution of aguatic macrophvites
Fras now been established. Samplimg will be replicated in
198687 to assess floristic changes caused by experimental
manipulation of  sub-catchments  nvolving liming and heather
Froer e d miggs

Sinmce nearly all the 51 tochse sampled iy 1987584 were
recvisited  1n 1985, data  which amend those found in bthe
inmitial  veport (Raven 1285 can be found i Appendix 4.
Detsils of site location and lisnoclogical datas for sach loch

meEnt ioned an this paper are presented 1 Flower et al.

{1ERAT



Figure 1 The location of the 1984 and 1985
in Loch Fleet
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2. METHODS

Zot. LLoch Fleet

Three methods were used to assess the distribution of
aguatic macrophvies in toch Fleety shore-based vegetation
mapping in 1¥83% (c.f. Raven 19835}, guadrat and grab samples
located along transects perpendicular to the shore (July 1984
and September 1983) and sublittoral grab samples throughowt

the loch (July 1984 and September 19835,

PO I | 198485 transects

In July 1984 the littoral vegetation along eleven
transects located arcund the loch was sampled using 0.25 m o
O.29 m oguadrats (Fig. 1). Three random guadrats were located
at each of fouw depths (0.0 my, 0.5 m, 1.0 m and 1.5 m)} and
species cover was estimated to the nearsst 104, with an
additiconal cateqgory (+} for < & per cent. The water was

sufficiently clear to permit recognition of isoetid species

ot Sphagnum spp. were retrieved for drying and later

identification. Filamentous algae and leafy liverworts were

also recorded but only identified to genus level.

A systematic and egasily replicated B VEY , which
invaolved using a giaas~battmmeﬁ bucket to wview vegetation
within guadrats located every 2 o along fow 30 m long
transects was planned for 1985, However, a high levsl of

turbidity {(megohi dise depth < 0.5 m) prevented this method



Figure 2 Sampling procedure for the 1385 transects
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during the Tield visit of September 1985, As an alternative,
Ebkmarn grab samples were taken every 2 9 m along the btransects,
and these provided species presence/absence data. Three
transects were located in embayments which were to be
sxperimentally enclosed, the fourth acting as a control (Fig.
1}. Each transect was established as Tfollows: a ranging rod
was driven into the shoreline at the current water level and
this represented a reference marker; & rope tied to the
ranging rod was then attached to & large temporary buoy which
was firmly anchored about 25 m offshores Ebman grab samples
were then taken every 2 9 m along the transect rope which was
perpendicular to the shore (Fig. 2i. At each sample point
along the 30 m transect water depth, substrate-type and a
subjsctive assessment of plant species abundance (+, present;
A, abundant:; depending on the amount within the grabl were
recorded. The shoreline reference sarkers and direction of
gach transect were defined by vyellow canes for future

mampl ing.

L %

LI S Sublittoral grab samples

More than 80 Ekman grab samples were taken during a
sedimentological survey of the loch in July 1984 {(Anderson
arnd EBattarbee 1985). Water depth, substrate and plant
specles were recorded and each site was accurately located

by bearings from shore-hased plane tables.

A further survey was conducted 1n September 1985 to



Figure 3 The locations of sublitforal Ekman grab samples
in Loch Fleet, 1984-85
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complete comorehensive sample coverage of the loch. To
facilitate this, a sampling grid comprising 100 m « 100 m
sguares was established with reference to marker flags
aligned around the shore. Grid coordinates in the loch wers

marked by temporary buovs. Five Ekman grab samples were

randomly  located within each conplete grid SOUANE.
Froportionately fewer samples were taken in  incomplete
sguares near  the shore. Water depth, substrate and plant

data were recorded as before, but  the location of sach site
was determined from compass bearings taken onto shore—hased
reference markers. Due to fog on ene occasion and drifting
by several temporary buoyvs, the intended pattern of sample
sites was not fully achieved. However, overall, the 19784 and
1985 suwrvevs provided nearly 200 samaie points throughout the

iock (Fig. 3).

R Sublittoral grab sampling in Round Loch of Glenhead,

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

and L. Stroasn.

& strictly limited and gualitative Ebkman grab sample
survey in seven other lochs was undertaken in associat.on
with limnological investigations in May and July 1985 (Flower
et al. 198&). Consequentlythe number and location of grabs
waz determined by the amount of time available at each loch
{Appendix 1. biater depth, substrate and plant data were
recorded and the position of esach grab sample was annotated

grta a large scale map.



L Aesessing short-tersm distribution changes of littoral

macrophytes.

Thirty of the Z1 lochs originally surveyed in 19835-84
ware  revisited i 1985, Changes 1inn the distribution of
Tittoral macrophyhes were annotated onto photocopies of the

vegetation maps compiled from  the first vieit (cf. Raven

1ESy



FIGURE 4 The mean percentage cover of
submergent macrophytes on the west and
east shores of Loch Fleet
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Z. HWESULTS

F.1 The aguatic macrophytes of Loch Flest

Very few macrophyvite species were found in Loch Fleet
during 198385 {Table 13}, The rocky shoreline restricted
development of emergent vegetation which comprised Carex
rostirata  in two sheltersd embayments on  the western side of
the loch. Submergent macrophyites were more abundant in
littoral areas of the western shore wheres sand occcuwrred maore

freguently than along the exposed, rocky eastern shoreline

Figure 43,

Table 1. Aguatic macrophyvies recorded in Loch Fleet during
198585,

a) Emergent species t

Carex rostirata

b} Submergent species
Filamentous algae
Leafy liverworts
Mosses

{predominantly Mougegtia spp.l.
(predominantly Jungermannia spp.).
Sphagnum auriculatum

Sphagnum cuspidatum

Fontinalis artipyretica

Isoetids : Isogetes echinospora

izpetes lacustris

Littorella uniflora

Lobelia dortmanna

Be Rz W%

Others : Juncus bulbosus var. fluitans
td, fluitans}
Utricularia vulgaris
1 Juncus articulatus, Joacutifloris, Ranunculus

flammula and other marsh plants found along the shoreline are
gucluded from this list.

pH of L. Fleet in 1983-85
conductivity in 1983-8%

il

4.5 ~ 4.4
Q?MéqFS cwm~* at 18°0C.




PERCENTAGE FREQUENCY OCCURRENCE

FIGURE 5 The depth distribution frequency of some
submergent plant species in Loch Fieet 1384-86
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Figure 6 The distribution of lsoetes lacustris in Loch Fleet, 1984-85
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Figure 7 The distribution of Sphagnum guricylatum in
Loch Fleet, 1984-85 -
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A distinctive depth related ronation af macrophyte

species was found (Fig. 3) although the full complement of

Littorella yniflora —» Lobelia dortmanngd - Isoeies

lacustris/Sphagnum  sbip. wWas largely confined to the west of

the loch. Furtheroore, lLittorella and Lobelia were almost

exclusively confined to inshore sandy substrate {(Tabie 2.

Tahle 2. Sediments associated with the four main
aguatic macrophytes in Loch Fleet.

Percentage freguency recorded oni—

Species Sands and gravels Organic auds n.
Littorella uniflora 97 3 37
lL.ohelia dortmanna g9 4 7&
Isgetes lacustris 51 kg 74
Sphagnum auriculatum 27 73 S&*

* Ekman grab sample data only

Liverworts (mainly Jungsrmannia SO } arnd Tilamentous

algae (predominantly Mougeotia spp.!? were also laroely

confined to shallow waters with algase frequently coating the
underwater portion of Lobelia stems. Isoetes was most
abundant fuwrther offshore (1.5 - 2.9 m) particularly on the
west side of the loch (Fig. 6. Although Sphagnum was often
retrigved in the same grab sample as  lsoesetes, it extended
deepsr than any obther macrophvite and had the most widespread
distribution (Fig. 7).

Despite considerable variation in morphology, which might
have accounted Tor an erroneogus  identification af 5.

compactum and S. papillosum in the 1984 samples, only

two %ﬁeaiea af Gphagntm Wi e present. The bulky
Gpecles S.auriculatum (synonymous with 5. subsecundum)

was dominant, occurving in all the Sphagnum samples and
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Figuré 8 The depth distribution of 4 aquatic macrophytes along
transects A-D in Loch Fieet, September 1985




growing prolifically in the north-west esbayvment. The more

delivate and feathery 8. cuspidatum was recorded in 257 of

grab samples containing Sphagnum.

Mo living macrophytes were sampled below 3 @ depth, and
arn  abrupt vegetation cut-off point was exemplified along

Transect D (Fig. 8. Inblown Molinia spp. debrisc had

accumiilated in a few shallow water sites. However, Sphagnum

debris was found in deeper parts of the loch (Appendix 3).

Z.2. The sublittoral vegetation of seven other Galloway

lachs.

As oin Loch Fleest, macrophvie agrowth was limited to water
< 5 om odeep (Appendix 23, Isoetes dominated the sublittoral
vegetation in Round Loch of Glenbead (RLG)Y, Loch Skae, Loch

Harrow and Loch Howie {(Table 3).

Loch

RiG
ioch
Loch

Loch
Loch
tLoch

L.och

Table I. The dominant sublittoral species recorded in seven
Galloway lochs during 19835,

Dominant littoral Dominant sublittoral
species® species
Lobelia dortmanna Isoetes lacustris
Skas Lobelia dortmanna Isgetes lacustris
Harrow Lobelia dortmanna, Isoetes lacustris,
Juncus fluitans Juncus fluitans
Howie i.obelia dortmanna Ispetes lacustris
Sherrow Lobelia dortmanna ?
Trool Juncus fluittans Juncus fluitans,
Sphagnum auriculatum
Stroan Schoenoplectus Sphagnum auriculatum

lavustris

= {(Raven 1{985).

2

insufficient data due to rocky substrate.

Juncus bulbosus Var . fluitans was the dominant




sublittoral species in Locth Trool and was locally abundant in
ook Hareow. The rocky substrate at the northern end of Loch
Skerrow severely restricted mecrophyte growth  bub so;all

guantities of Sphagnum were recovered 1n the grab samples.

Sphiagoum Was praosent in three other lochs and was

particularly abundant between 1.2 mwm and 2.0 m depth

e

Ehwoughout  Logh  Stroan and between 3.0 m oand 4.0 o depth on
G %)

the northern side e f Loch Trosl (Bppendix 2). The

firlamentous algae Batrachospermum , often found in Sphagnum

pools (Frescott 19703, was locally abundant  in Loch Troel.

Lignificant accumulations of Molinia debris were found in

Rownd Loch of Glenhbead while a thick carpet of

wag found on the soubthern side of L. Traool. in both
instances macrophyise growbth was apparently inhibited by this

gdeliris.

L Changes  1n the distribution of littoral macrophyvies,

Few changes in the distribution of littoral macrophvytes
ware noted between 19835384 and 1985. However, Fotamogeton
natans had  ancreased  in Loch Macaterick and Loch Skae, and

there had been a noticeable proliferation of Schoenoplectus

bris in Loch Mannoch and Loch Stroan (Appendisx 43,

20



4. DISCUSSION

blater chemistry, and nutrient availability in particular,
strongly influences the species composition af aguatic
vegetation in lakes {(Seddon 1947, 1972: SBpence 1%67). The
vegetation af opligotrophic soft-water lakes 1z usually

characterised by the isoetid species Littorella uniflora,

Lobelia dortmanna and Isocoetes lacustris, and the first two

SpECl s ofien dominate exposed shores where emergent
vegetation growth i1s prevented by excessive wave action
{(Gpence 194645 . Ispetids are physiclogically adapted for
nutrient-poor waters but inter-specific competition produces
a downshore zonation: typically, Littorella and Lobelia
dumiﬁate shallow (0 - 2 m} water while Isceites 1s confined to
deeper (2 - 4 m) areas (Kansanen and Nienni 1974: Sand-Jensen
1978 . & similar pattern (Fig. 3} was freguently encountered
guring the 198385 Galloway study and has been reported from
other oligotrophic lakes elsewhere in Balloway (West 1910y
Sopence 1964), the Lake District {(Fearsall 19280 and Denmark
{(SGand-Jensen and S@gndergaard 1979).

In strongly agidic conditions (pH < 4.0, however, Juncus

fluitans and/or Sphagnum spp. dominate the vegetation, often

to the exclusion of obther species {van Dam arvd
Eooyman—van-bBlokland 1978; Roelofs 1983). These species have
a competitive advantage over isoetids because they can
utilise the dissolved carbon diornide present at low pH values

(Roelofs et al. 1984:; Wetzel et al. 1984).

21



In The Metherlands, & =zignificant decline in previously
dominant itsoelid plant commenitbties and 4 concomitant ingresse

of Jduneus £1 arnd/or bphagnum since the 1990°'s hazs been

abtbributed to water acidification {FRoslofs  1982; Foslofs
gt al. 1984). FRecent increased growth of  Sphagnum has also
been reporbed in acidified lakes in Sweden (Grahn et al.
1974y Grabn 19773 and the United States (Hendrey and Vertucci
L9300 . It has been suggested that exitensive growth  of
sphiagnum may preyvent nubtrient exchange between sediment and
water cadsing "oligotrophication” and that the high cation
grohange capacity of the living tissus might swacerbate water
antdity  and reduce bacterial decomposition of dead plant
material (GOrahn et al. 1974}, It has  alse been  sugoested
that, by reducing floristic  and  structural diversity,
ertensive  amats  of  Sphagnum provide an imspoverished habitat

fur aguatic itnvertebrates (Hemnlan et al. 1984). Howsver, in

Looch Fleet Sphagnum supported as many epiphytic diatoms as

The incresse of sublittoral bBphaognum in acidified lakes

1 Sweden, the Nethe?iandg andg  United States has  Desn

1
svaluated by comparing  contemporary field surveys with
historical data. Historical data for Galloway lochs are

alzsn  avallable for comparative studies (West 19105 Spence
P&y, Ik i% clear 1n Balloway that Sphagnum  was restricted
tor zmall peaty  pools and shallow water in the sheltered bavs
af  a  few oligobtrophic lochs. However, during his 1903
murvey, West pecorded  the Tuncommon' occurrence of Sphagnum

% ¢

growing  between 2 and 8 feet below the surface 2t the

22



southern end of Loch Granncch. In contrast, Sphagnum was
recorded in five out of eight oligotrophic lochs sampled in

198% (Table 4},

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

Catchment Mean Range of Sublittoral
Loch Altitude {m) Geology pH conductivity Sphagnum
record
Fleet 340 Granite 4.5 47-&0 Abundant
RLG 293 Granite 4.7 3247 &hsent
Skae 253 Shales 5.9 59~b& Absent
Harrow 247 Slates 4.8 30-40 Rare
Howie 232 Shalesg 5.3 6&8-74 fibhsent
Skerrow 127 Granite 5.1 49468 Rare
Trool 75 Hlates 5.0 31-48 Locally
abundant
Stroan 70 Granite 4.8 4880 Abundant

pH and conductivity (FScm“* } data provided by R. Flower.

Unfortunately, West could not use a beat 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 lsoetes occur in sediment cores taken from Loch
Fleet (Stevenson, uwunpublished data). 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 associasted with sediment input since
afforestation in  1963. The presence abundance of Gphagnum
suggests a rapid preoliferation during the past 20 years.
Since West made a thorough suwuvey of the submergent
vegetation in Loch Harrow, Loch Skerrow, Loch Trocl and Loch

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

23




thess sibes singe 1905,

In Sweden and the United States Sphagnum has apparently
=pread from the littoral into sublittoral areas, extending to
depths of 18 m in plages {(Hendry and Vertueood 1980: Wetzel
el al. 1984). There is no evidence for such a processs in
balloway since Sphagnum 13 mainly confined to deeper water
¢ 2 Zmr while i1soetids still dominate fTwther inshore (Fig.
I Mo eovEr o aguatic macrophyvite  growth is  apparently
Timited to depths less than 0 9 m despite eucephbional water

codarity (secohil disc depth > 6 @) in zome loghs.

In 198% Sphagnum was restricted to  lochs with a mean pH
ot 5.1 or less. However, i1ts distribution was not consistent
with contemporary pH (Table S . For example, it was abssnt
from the Round Loch of Glenhead (pH 4.7} which has been
acidified since oo 1880 (AFiowser & Battarbees, 983 but was
abundant in Loch Fleet (pH 4.7) which has been acidified only
WY recently F L ower & Battarbee, in preparationd.
Fuarthermore, the 1905 record of Sphagnum in Loch Grannoch
coincides wilth a reconstructed water pH of 5.4 (Hattarbes &

Flowesr 19050,

Increased sedi ment irnput assooiated with o
afforestation ploughing may contribute to an increass in

Sphagnum by smothering iscetids in the sublittoral zone and

introducing  Sphagnum  from  the catchaent. For wample,
sphagnum 15 absent from Rownd Loch of Glenhead which has an

wrnatforested catchment. However, it does not ococur in Loch

24



Skae orf Loch Howie where catchment afforestation is 100%

although pH is at least 5.3 (Table D).

Table %. & comparison between the dominant sublittoral species

of eight Galloway lochs recorded in 1905 and 1985,

Dominant sublittoral Contemporary Afforestation®
species pH

Loch 1905 1983

Fleet Isoetes 7  Sphagnum 4,57 40%
RLG Iscetes ?  Iscetes 4,77 o%
Skae Isoetes (J) JIsoetes 5.9 100%
Harerow Isoetes (I} Ispetes (J} 4.8 1004
Howie Ispetes (J) Isoetes 9.3 100%
Skerrow Izoetes ? S5.1 &0%
Trool isoetes (J) J. fluitans {8} 5.0 &0%
Stroan Isoetes Sphagnum 4.8 FO%

= percentage of shoreline afforested in 1983

?
(3}

{8}
@

M.B. None of the catchments were commercially afforested in
1905,

insufficient data

Juncus fluitans also abundant

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
Sphagnum in Loch Trool and Loch Btroan. Both lochs are at
relatively laow altitudes ( < 73 m } and receive water from
acidic uplangd lochs. Water from five upland lochs, inciuding
Loch Valley and Round Loch of Glenhead which have been
acidified from pH ca. 5.3 - 5.9 in the late 12th ceniuary to
pH 4.7 in the 1970's {Battarbee % Flower 1985), flows into
Loch Trool. The River Dee flows through Loch Stroan
carrying water from Loch Dee (pH 5.3}, Loch Skerrow (pH 5.1}
and bLoch Gramnoch (pH 4.43. Until liming was carried out in
19891-82, Loch Dee was an acidified water body and Loch

Grammoch has been acidified from pH ca. S.6 since 1920

25




{Fattarbee % Flower 1985).

Farts of the Logh Fleet catchment will be limed in (984,

Since Sphagnum has disappeared from a number of  acidified

lakes in  Sweden atter

Timing {Brown 1985 changes in the

ralative asbundance  of Sphagnum and isoetids in Loch Fleet

will bs monitored with great interest during 1786-87.
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APPENDIX 1 EKMAN GRAB SAMPLE SITES N SEVEN GALLOWAY
LOCHS SURVEYED IN 1985

1. ROUND LOCH OF GLENHEAD

3z



2. LOCH SKAE

33




MOUHVH HIO01'E

14



JHMOH HI0T

b

35



5. LOCH SKERROW

100m

36




100dL HOO1
9
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7. LOCH STROAN

00m
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APFENDIX 2
Ekman grab sample data from seven Galloway lochs visited in 1985

ROUKD LOCH OF GLEMHEAD  WATIOHAL BRID REFERENCE: MY 430804

DATE OF SURVEY: 24 Hay 1983  MUHBER OF ERRAN GAWPLES TAKEH: 16
SECCHI DISC BEPTH: not takem

Basple site {ses map)
i 2 031 & § 6 7 B 910 11 12 83 18 13 ib

By gravel
81 szend B ¥ # & &8 H B H H H B B B H 5 4
¥ oud
DEPTH {m) 2,528 3.0 4.7 1.0 4.0 2.0 1.3 2.2 1.8 BB 2.0 1.0 1.8 1.1 5.8
isotes iacustric & & & A 8 &4 4 & A& &
Lobelia dortesnna ] &
Holinis debric @ & # ]
LECH SKAE HATIONAL GRED REFERENCE: WY 7i08Y7
GATE OF SURVEY: July 1985  WUMEER OF EKHAN BABPLES TAKEK: B
SECEHY BIBC BEPTH: 3.5 2
Sesnie nite (ses mapl
SUBBTRATE i 2 3 & 85 & T 8
By auds B # & B H# B E H
BEPTH (&) o 3.2 1. 2.2 2.0 2.9 2.8 1.3
Gallitriche hasuleta E I
Isoetes Izcustris & + A A & & ¢
Juncus fluitans [
Littorells onitlors & 8
Lubeliz dortesnnz 8 & & A&

bo Holinia debrie saspled
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LOCH HARRDY  HATIOMAL GRID REFERERCE: NX527867
BATE OF SURVEY: 14 July 1985 WUHBER OF EKWAN SAMPLES TAKEM: 12
GECCHI DISC DEPTH: 5.0 8

Sampie site {see map!
2 3 & 5 & 7T B 9% 0 it 12

H: sud . H A K K B # K H B H H H
BEPTH (8} 5,022,545 3,520 2545 2.02.5 152013
Sphagnue auriculatus ¢

lsoetes iacustric ] A A &
duntys fluitans & & &8 + T
Littorella uniflora ¥ & ¢
Lebeliz dorteanna * +
Utricularia sinor ¥ P +

Ho Holinia debris saspied

LOCH HBMIE HATIONAL EBRID REFERENCE: HX497834
[ATE BF SURYEY: July 1980  HUMBER OF EKMANM SAHPLES TAKEN:s 13
BECCHI DISC DEPTH: 6.3 m

Saaple site {see map!
P23 4 35 6 7 8 980 1 i2 43

Hy sud ¥ B B B B # H B H H B H H
DEPTH {s} 1.0 2.5 §.2 4.58,08.5503.0 18201875325
isoetes lacusiris A & A & + A ¢ [
Littorella uniflora ] 4
Lobelia dortsanna ¥+ A ] f

Ho Holinia debris sampled

#.B. Sphagnus grewing on 5.8, shore (1984 survevl.
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LOCH BKERROM  HATIOMAL BRID REFEREMCE: MY 604487
BATE OF SURVEY: July [985  MUHBER OF EKHAN SANPLES TRKEM: B
BECCHI DISC DEPTH: l.4 s

Goaple site {see map)
L2 3 4 % & 7 8

Ry rock

5y sand 8 8 R R 5 B 5 § §
H; suds

DEPTH (m} 2.6 2.0 1.9 3.0 2.0 1.5 0.5 £.0
Fontinalis antipyretica L2 T
Sphaghus auriculatus + ¥ +
Callitriche hagylata ¥ %

Ispetes lacustris +

Lobelia dortmanna 8 + ¢

Ko Kolinig debris sampled

LOCH TROGL HATIOHAL GRID REFEREWCE: HY 412798
BATE OF SURVEY:17 July 19BF NUMBER OF EXHAM SAAPLES TAKEN: 15
SECCHI DISC DEPTH: 2.6 s (M.B. adverse weather conditions)

Sampie site {zee map)
i 203 4 F 6 F OB % 80 8L 12 13 14 15

#; rock

§: sand § &8 H H ¥ B R K B B H 8 H K H

Ky mud

BEPTH (@) 1.0 4,2 2.6 2.2 3.1 9.9 3.0 3.0 1.2 2.6 1.0 1.9 4.0 3,0 3.0
Sphagnus suricuiatus & A

isoetes lacustris A + £ 4+

Juncus Tluitans L A& & + #

{cbelia dortsanna & &

Utricularia vulgaris ¥ +

{Batrachospersus sp.} . + + o+ 4
Bak leaf debris A & & & )

fiolinia debris & &
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LOCH STROAR  HATIORAL BRID REFEREMCE: X 444704
BATE OF BURVEY: 18 Juiy 1985 HUMBER DF EKMAM GAMPLES TAKEM: 10
SECCHI BISC DEPTH:s 1.5 e

Gagple site (see aap)
P2 3 4 % 6 71 8B § W

Hy sud BEEEEEEREE,
BEFTH (&) 2,3 8.5 1.2 §.2 1,0 1.2 2.6 2.9 2.2 L0
Sphagnue auriculatus £ & & & & A &
Sphagnua cuspidatus &

Juncus fluitans 4

Ho Holinia debris sampled

Abundance of aacrophytes assessed as hiosass present in each grab sasple:
+ gpresest in ssall qﬁantity

4 abundant
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APPENDIX 3 The distribution of Molinia and Sphagnum
debris within Loch _Fleet in 1985

100m

% Polinia debris

* Sphagnum debris

5~ hathymetric contowr {m}
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AFFENDIX 4

Ihanges 10 the fritoral macrophyte vegetation of 30 Galloway lochs
batween 1983 and 1985,

Loch Change!s} observed between 903 and 1980 Brid reference.
L. Hacaterick: Bew stand of Pubaspgeton natans HY 437917,
L. Riecawr: Kew stand of Sparganius snqustifolive Wi 440937,
L. Skae: Kew stand of Potamogeton natans KX 708833,
L. Finlas: Hew record; Ranunculus tripartitus HY 468977
L. Ure: Hew stand of Polygonue amphibiua HY 742844.
L. Hannoch: Increase of Schoenopiectus lacustris HE 404600,
L. Skerrows New stand of Hymphaea alba HY 603484,
L. Ferny Hew stand of Myriophyllua alterniflorus,

disappearance of Hyephaea albs stand HY B&36Z4.
L. Arthurs Hew records; Isoetes lacustris, Polasogelon praelonqus

and Ranuncuius aguatilis (strandlinel.
L. Stroans Hew stand of Hyphaea alba HI 842706,

Increase of Schoenoplectus lacustris HY 6477435,
L., Hoodhall: Increase of Hymohaea albae B 663406,

There were no changes in the littoral vegetation of 18 other lochs previcusly
visited and eapped in I983-84 (cf. Raven 19E3),
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