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Summary

il Core studies of diatoms, polien, chemistry, carbonaceous particles and
magnetics together with & land use study have been ctonducted at Llyn Llagi,

Bwynedd. An upland, oligotrophic lake situated on the sbuth side of
Snowdonia.

i1t Sediment accumulation rates at the core site for the last 150 vyears
were approximately stable (0,015 g cm~2  yr-}; The [RE nmodel indicates
periods of accelerated sedimentation around (900 and 1948-1975.

iii} The diatom based pH reconstructions (pre-1B50) suggest that the pH of
Llyn Llagi was 5.9 - 4.2, Planktonic diatoms were absent from the lake and
the data suggest a fairly stable flora of attached circumneutral and
acidophilous taxa. Acidification of Llyn Llagi is marked by the decline
in Achnanthes minutissima and expansion of Frustulia rhomboides,
Tabellaris fiprculosa, Eunotia veneris and fichnanthes
marginulats and the +irst appearance of TYabellaria guadrisentata. The
greatest change is +from & cm (1540) with the tremendous expansion of
T.ouadriseptata angd smaller increases in Haviculsa heimansii and

Melpsira lirata, The data suggest a pH decline of 1.0 pH unit between
1850 and 19BS.

ivi The core chemistry record demonstrates that trace metal contemination

of the liake sediments began at 24 cm (ca. 1800} for Fb and In and 22 ¢m for
Cu.

vl The contamination of the sediments by carbonaceous particles commences
at 27 cm, concomitant with the beginnings of trace metal contamination,
but concurrent with lake aridification. The concentration of these
particles increase rapidly from 9 cm (1540's].

vi) The pollen diagram identifies a shift in the lecal vegetation from
Catluna domination to domination by members of the OGramineae, opresumably

Nardus, Molinia & Agrostis, This <change 1is the reverse of what would

normally be enpected if the land-use hypothesis as supported by FRosengvist

et al. 1980 & Krug & Frink (19B3) were in operation.

viil No appreciable land use thange has otcurred within the catchment
since the introduction of sheep by the Cistercian monastery. While sheep
numbers have increased in the area in recent years the documentary evidence
is not precise enough to assess whether the catcheent has experienced a
significant increase in grazing pressure. No liming has taken place within
the catchment and burning has not been a significant management practice.

viiil The acidification <cannot be accounted for by land use <changes.
Instead, 811 the date indicate acid deposition as the cause of
acidification, The timing of the changes and trends of the atmospheric
pollution indicators {trare metals, magnetics, carbonaceous particles),
indicating local deposition of atmospheric pollutants, are consistent with
this vieu.
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1.0 Introduction

Surface water acidification is recognised as one of the most important
environmental problems in Europe and North America, vyet despite the
pioneering work of Gorhasm on precipitation chemistry in Cumbria (Borhan
19587 the extent of acidification in the UK is still not known. In earlier
papers Flower and Battarbee 1983, Battarbee et al. 1985, Jones et
al. 1986, Flower et al 1987} we established that lakes on granitic rocks in
Galloway, South West Scotland, were strongly eacidified, and that the most
likely cause of the acidification was acid deposition, We have now
extended our enquiry to acid lakes in MWales and other parts of Scotland to
test the general hypothesis that clearwater lakes with pH values less than
5.5 occurring within areas of high acid deposition are acidified due to an
increase in acid deposition over recent decades.

Liyn Llagi (Fig. 1)}, Iocated on the southern edge of the Snowdonia was the
sivth site chosen in Hales, Hhile there are np site records of acid
deposition, records from Aberystwyth reveal that the esean pH of
precipitation is ca. 4.5 and the annual wet sulphete Ioading is 1.2 -~ {.6 g
m~Z% yr-* (Figs. 2 & 3). The catchrent is largely undisturbed, comprising
upland mourland and rough grazing for sheep. Sediment cores were obtained
in August 1985,

Dur approacth involves the use of diatom analysis to reconstruct past pH
values; *!°Ph analysis to establish F lake sediment chronology;
geochemical, magnetic and “soot® analysis to trace the histery of
atmospheric contaminationy and pollen analysis and land-use history studies
to evaluate the influence of catchment changes on the past ecolegy of the
lake,
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2.0 Site details

2.1 Lake

Llyn Llegi, lying at over 340 m and receiving rainéall in excess oé 2000 am
yr=*, occupies & broad almost circular, deep basin (16.5 m), surrounded by
an extensive Im deep shallow rim to the north east (Fig. 4!, GQOverall the
lake has a volume of 331,734 n™ and 2 mean depth of 5.8 = and displays
minimal variation in water level, The lake is chiefly fed by a stream fron

Llyn yr Adar, and groundwater #lows. Llyn Llagi is drained by a northerly
tlowing river into the Nanmor.

Yeble § Lake characteristics

Area S6771 &=
Yolume 331734 &=
Haninum depth 6.5 &
Hean depth 5.8 &

2.1.1 Hater chemistry

Available water chemistry from the lake is limited and is restricted to
eight spot samples taken in the course of the present study in {985 and 19B¢
{Table 2). Llake pH varies from 5.0-5,3 and has & low calcium levels.

2.1.2 Lake Vecetation

Fringing and littoral vegetation were nmapped from the shoreline on the 3ist
May and 15 sublittoral Ekman grab samples were %taken on the 23rd August {965
{Fig. 5).

The marshy fringes of the western and northern shores are dominated by
rushes (Juncus spp.}. By contrast the rocky eastern 4ringes supported
only wmosses and liverworts, Lobelia dortmanna dominates the littoral
flora adjacent to the marshy f{ringes {(Fig, S}, while lscetes lacustris
is abundant in deeper waters although it does npt extend beyond ca. 3.0m
depth (Tables 3 & 4i. Filamentous algee and leaty liverworts are locally
frequent in shallow rocky areas but Sphagnum moss was not recovered from
the lake. Juncus bulbosus Var., fluitans and Sparganium
angustifolium which were recorded by Seddon (1972} 25 years previously,
were not present in the lake in 19B3.
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Table 2 Hater chesistry for Llyn Llagi

Date pH Total Total Chloride Bissolved Dissolved Disscived
Oxidised Rlkalinity Silicate Sulphate Sediun
Hitrogen
gg i~ By 1 ey 17F eg I 8y 17 gy I
27103784 4.0 0.14 £.0 10.0 0.193 5.0 5.0
12706784 - 0.14 .0 11,0 0.107 5.0 4.8
07/08784 5.1 0.05 16.0 0.107 5.0 4.7
05/10/84 4.B 0.03 1.0 6.0 0,791 5.0 4.0
12712784 3.5 2.30 1.0 b.4 0.855 5.0 3.7
05/02/85 5.2 0.10 1.2 6.1 0,160 5.04 -
23/04/84 5.2 0.27 2.8 B.9 0.370 - 8.0
02/12/8b 5.0 0.10 f.t 6.0 0.360 24 3.3
Date Dissolved Dissol ved Dissolved Dissoived Dissolved Dissolved Digsolved Dissoived
Potassiue Calcius Hagnesiua lint Copper Lead Hanganese Tron
gg 17}
21103184 1.0 1,26 0.70 0.014 0,008 0,41 0.06 0.04
12/06/84 1.0 £.54 0.77 0,050 0,005 0,01 0,07 0.03
07/08/84 1,0 f.41 0.73 0.028 0,005 - 0.04 0.07
09710784 1.0 1.27 0.43 0.02¢ 0.005 - .07 0.16
12112184 1.0 1,95 0.38 0.120 0.008 - 0.0% 0.12
06702785 1.0 - - 0.100 . -~ - --
23704784 0.3 1.00 0.4% 0.130 0,004 -- 0.0¢ 0.05
02/12/84 0.1 0.82 0.4 0.009 0.002 0.04 0.06
Bate Conductivity Alusinive poc
us sy I gy 177 L
23/04/B6 4 0,09

02/12/86 2 0,047 25 non-iabile and C.0B! a5 & labile fraction 2.0
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Table 3: The fringing and aguatic vegetation of Llvyn Llagi, August 1985
(A= abundant; 1f= locally {freguent; r= rare!

i} Fringes
Juncus acutifloris, J.articulatus & J.effusus Al

ii} Littoral zone
Filamentous algae including Mougeotia spp., (1f}; leaty liverworts
including Jungermannia spp. (1f}; Littorella uniflora (ri;
Lobelia dortmanna (14); Subularia aguatica.

iiil Sublittoral zone
Ispetes echinospora (r}; I.lecustris (A).

Table 4: Ekman qrab saeples
{site; depth; substrate; plants!

1, {.0m; mud; lspetes (A}, Lobelis {(r} 0. 10.0my mudy  —m==-
2. 1.2m) mud; Ispetes (R} 1. 10.0m) mudy ceom—
3. §.2m; nud; Isoetes (A} 12, 11.0m} mud;  —=me-we
4. 1.0m; mud; Isoetes (RA) : 13, 2.0m; sudj Jlspetes (A}
5., [.0m; oud; Ispetes (A) 14, 1.,0m; mud; Isoetes (A!
4. 2.5m; mud; Isoetes (A} iS. 1.0m; mud; Isoetes (A}
7. 4,203 mudy @ —me—-

8. 3.85m; mudy  e=m--

. 0.Bmj mud; Ispetes (A}, Lobelia (A}

2.1.3 Fishing history

Little is known of the contemporary fishery status of Llyn Llagi. GSome
decline in fishing quality has been recognised in the last 20 years (R,
Hemsworth & T.Rowlands pers. comms. ).

Cliffe (1860 reported that the lake was rarely visited by angling, but that
the trout in it were ‘large and free’. He suggested that trout 4rom Llyn
Llagi were used to stock the opreviously fishless Llyn yr Adar in the early
i%th century.

Ward (1931} described the lake as having numerous trout, averaging 0.25 ibs,

2.2 Latchment

Table § Catchment characteristics

Total catchement ares 1;6B1,40B n=
fres of land in catchment §,570,586 &=

Area of lake 58771 &=
Catchment/lake ratio 27.7
Haximum relief 20 &

2.2.1 Beology

Ordivician siates and shales of the Glanarfon series dominate the catchment
geology. The backwall is composed of a large Doleritic intrusion and small
igneous intrusions of fine microgranites and volcanic tuff also occur.
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2.2.2 $oile

Soils of the catchment are chiefly stagnopodsols and stagnohumic gleys of
the Hafren assoriation {(654a) and amorphous blanket peats belonging 4o the
Lrowdy association (10132} (Rudeforth et al 1984).

2.2.3 Present Vegetation

The present vegetation of Llyn Llagi (Fig. &} consists of a sparse Festuca
community to the south west on the corrie back wall which grades into a
sparse Calluna community, To the north around the outflow 2 Calluna/
Eriophorum vaginatum community dominates while the wetter easterly
slopes consist of an extensive Eriophorun /Mplinia community, The
catchment around the top lake Llyn yr Adar consists of an extensive
Eriophorus / Holinia / Juncus marshland.
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3.0 Hethods

3.1 Burveying

The lake was surveyed wusing the techniques described in Stevenson et
al., {1987}, Bhore surveying stations were located by the inflow and
outi{lows.

3.2 Collection of sediment cores and routine Jlaboratory measurement of
sediment characteristics

Cores were taken using & wide diameter piston corer operated fror & mini
ratt supported by two inflatable boats, Sampling was carried out during
fugust 1985. Llagi I was used for dating and analysis and Llagi 4 for PAH.

Core Llagi 1 (92 cm} was ertruded in the laboratory and the top 20ca sliced
into 1/2 te slices and the remaining core at fce intervals. The sedisent
was then sub-sampled for dry weight, loss on ignition (at 35850°C) and wet
density seasurenents.

fnalyses for dating, magnetics, chemistry, soot, diatome & pollen were
311 conducted according to the standard methods set out in Stevenson
et al. (1987).
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4.0 Results

4.1 Lake history

4.1.! Sediment Description

The core constitution (Fig., 7} 4rom 92 - 24 ce is a dark brown grganic aud
(Ld*4). Within this section the wet density is stable while the loss an
ignition profile shows & continual decline except for a small intrease
between 50 and 40 ce. A silt inwash occurs between 26 and 24 ce with the
sedinent changing to a dark grey/brown organic mud with some silt (Ld34,
Ag+}. This inwash is recorded in the loss on ignition profile as a sharp
drop. From 24 to 10 cm the sediment constitution returns to the compostiaon
of the basal unit. From 10 cs the sediment contains identifiable detritus
and the dry weight values fall slightly at the very top of the core.

4.,1.2 23° Ph dating

Sediments +from Llagi 1 were analysed for =219ph, =2eRa and *37Cs by
gamma specirometry (Appleby et al. 19B61., The =i°ph and #F#Ra
results are given in Table &, and shown graphically in Fig., 8 & 9 . The
'*7Cs results are given in Table 7 and Fig. 10. The gamma spectra aleo
indicated the presence of 2%'Am in the top-most sediments, and these
attivities are given in Table 8. Fig., {1 plots both the *®7Cg and =%14n
profiles of the core. Table 9 gives values of a range of other radicisotopes
determined from the gamma spectra.

The =:°Ph  inventory of the core is 21.2 pCi cm~ 2, and represents a mean
=2109ph gupply rate of 0.44 pCi co=2 yr-1, Thise 1is within the range of
values esxpected 4for this region, and supports the use of the LRSS 21opp
dating model {(Appleby & Oldfield 1983}, Fig. I} shows both the CRE and CIC
model *'°Ph  chronplogies for core LAG i, There 1is relatively little
divergence between the two sets of dates, and both models indicate a mean
sediment accumulation rate over the past 15¢ vyears of ca. 0.015 g cm-2
yr-i. The CRS amodel indicates episodes of agtelerated sedimentation
around (%00, and [968-1975. The CRS model chronology is given in Table 10.

The *37Lg and =2%3@m activities both have well defined peaks at 4.25 cm.
Assuming that these profiles reflect atmospheric fall out this level should
be dated to te. 1963, ¥Fig. 10 shows that date is in quite good agreement
with the #!°Pb chronology. #310ph  indicates that the 1934 onset of
13¥Cs and T9'fe fall out should opoccur a2t oca. 7 cm. There is no
detectable =4:fg beneath this level. There are; however, significant
137Ce concentrations down to the =229Pp equilibrius level, indicating
ence again the extent to which *3”Cs diffusion occurs.

The radicisotope date (Table 9} shows that sediments in the top § ca have
low Z2eRa and 2°K activities, end wmay indicate & change of sediment
composition over the last 20 years.

4.1.% Diatoms and pH reconstruction

Distoms were analysed from the uppermost &1 ca of core LAG 1. The top 22 cn
includes the 2:°pp dated portion of the core. & summary diagram of the
relative asbundance of eajor texa in the Liyn Llagi sediments is shown in
Fig. 12. Disgrams showing the stratigraphy of all taxa are included in
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Taeble 6.

Depth
ta

.25
475
4.25
3.75
L7
10,75
13,75
17,75
20.50
21.50
26,50
29.50
32.50

Table

Depth
ce

1.25
.75
4,25
5,75
1.1
10.75
13.75
1175
20.50
23.50
25,30
29.50
12.56

1.

T1oph Dete for Core Llagi |,

Dry Rass #3°Pb Concentration

21

Stendard Errors 226y

Total  Unsupported Concent. concentration
gt pli gt plige Totel Uns, pli g=* #/-
0.048%  37.44 nn 1,83 L.97 0.22 6.3
0.1837 28,57 21.7% 1,38 1.4 ¢.78 0.3t
§.3087 22.28 21.99 1.7 130 .29 0.77
0.4334  25.54 24,88 £.03 1.05 570 022
6.810f IB.49 17.48% 0.6% 0,78 1,00 0.18
6.5386 .B2 4.6% 0.37 0.40 1.3 0.18
12815 4,25 3.2 0.40 0.42 1,13 6.14
(7462 3.2 2.35 0.30 432 891 0.10
4074 L34 1.27 0.1% 0,20 1.09  6.07
24584 135 0.28 0.1 0,19 1.07 6,07
28192 114 g.18 0.19 0.20 g.98 0.07
J.2684 139 0.50 0.16 6,17 6.87 6.06
J.0B4Y 0,98 é.12 0.18 0,14 0.84  0.04
Y370 gata for Core Llagi §

Dry Bass  *¥7[¢ concentration Cusulative *37(s Fract
g ca-? pli ¢~* 4/ pli c&™®  ¢/-

0,085 14,42 0,82 0.9% 0,07 0,054
0.18%7 32,58 0.80 57 617 0.9
0. 3087 35,95 0.80 T.88 0,28 0.433
0.4334 21.95 0.55 il.42 0.3  0.428
0.6101 8,74 0.2 13.4% 0,39 0.753
0.938¢ 3,25 0.21 15,26  0.40 0,840
1.281% 2,43 0.15 16,23 041 .BW3
£.7462 .78 .11 i7.20 042 0,94
2.0744 .93 0.04 17.44 042 0,970
2.4614 b.38 6.05 17.68  0.42 0,983
2.87492 0.37 6.04 i8.6¢  0.42  0.992
3.2604 0.18 0.04 18,44 .42 G.%%8
3.6B48 0.47 0.04 16,18 0,42 1.000

2eife dats for Core Liagi §

Bry Ress
g ta~?

0.0485
0.1837
0.3087
0.5334
0.6101
0.9386
1.281%
1.7462
2.0741
24414
2.8792
3.2684
3. 4049

®2ife concentretion

pli g7

6.00
0.3
0.41
0.50
6.00
.00
6,00
6,00
0.00
6.00
£.00
£.00
§.60

&f=

6.00
6.07
.08
0.04
6.00
&.00
§.00
0.00
0.00
0.00
0.00
.00
0.00

Cupulative 2934z Frarct

pli ca*? ¢/-
6,60 6.00 6.000
8,02  0.00 0506
6,08 0.0t 0.8
§.1% 0,08 0773
6,99  0.02  1.000
.19 0,62  1.000
6,19  6.02  1.000
6.49 0,07 1.000
6.19  06.02  1.000
6.19 .02 1.000
6,19 0.02  1.000
6,19 46,02 1.000
6,19 0,82 1000
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Table 9. Qiher radicisotope data {or Core Liagi §.

Depth
cae

1,23
2.75
4.28
5.75
1.75
10,75
13,75
17,78
20.50
23.50
26,50
29.50
32,50

Table

Depth

e

0.00
1,00
2.00
3.60
£.00
5.00
4,00
7.40
g.0¢
8.00
i0.00
11.00
12.00
13.00
£4.00
15.00
16,00
§7.00
18,00
19.00
20.00

I?iai ZSHU 23§U EISAC '228"”3
pLi g
6.22 0.00 0.00 2,40 8.00
¢.78 8.00 0.4 0.47 1.28
0.29 ¢.00 0.24 0.90 0.00
0.70 0.10 6.1% 6.53 0.42
.00 0.02 6.01 0.6 0.0
£.13 6.3% 6.25 6.25 8.00
I.13 6.34 8.08 0,16 0.713
0.%1 0.55 D.18 6.93 0.79
{.0% 0.81 6.15 0.62 0.40
1.07 6.70 6.17 ¢.71 1,14

£.98 6.73 0.20 0.78 0.52
0.89 0.47 0.13 0.7 1,06
0.84 6.3 0.13 0.67 1.07

10. CRS Kodel *!°Pk chronplogy

Dry Mess  Cusul. Unsupp, Chronology
210pp Date Age  Std.
g te? pli c&™? AD Yr Error
. 0000 21,17 1983 0
0.0548 19.30 1982 3 i
0.1261 17.07 1974 7 2
0.2045 14.95 1978 1 2
0.287% 13.07 1970 15 2
0.3710 11.23 95 20 2
0,4585% 3.48 1959 2% 2
0.5438 7.7t 1953 12 Z
0.8375 5.22 1946 39 2
0.7470 £.%0 1938 47 3
0. BG4S 3.86 193 5% 3
0.5472 3.08 1923 62 3
1.0815 2.54 1917 &8 4
1.1958 2,10 191 N §
£.3105 172 i504 8 3
1.4267 1.38 1897 88 &
1.5479 i.10 igse 95 7
£.6591 0.89 1883 102 B
1.7760 0.48 1875 110 10
1.8952 0.47 186 122 13
2.0145 0.33 1851 13 17

*1°Ph Flux = 0.86 ¢/- 0,02 pCi co~?
%0% Equilibrius Depth = 13,1 c8, or 1.21 g ca™2
99Y% Equilibrius Depth = 21,5 ce, or 2.20 g £2™2

GUK

1.78
£.BY
3L
9.1
12.10
9.12
12,50
11,74
12.83
12,40
f2.08
11,98
12.33

Sedisentation Rate

g ¢s"?

0.0174
0.0182
0.01%;
§.01%5
0.0147
00136
0.0132
0.0132
0.0146
0.0160
0.0174
0.0188
0.0203
0.0207
0.0183
6.0159
.0135
0.01135
¢.0104
.00%3

es yr?

0.262
0.248
6.237
G.236
0.198
0,134
0.1%%
0.129
0,137
0.146
0.155
0,166
0.in
0.180
0.158
0.1%7
0.114
0.097
0,087
.074

td,
Error
i
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Appendix A,

The diatom assemblage in the basal 40 cm of analysed sediments is dominated
by acidophilous and circumneutral periphytic diatoms including the dominant
Achnanthes wminutissima and mederate  percentages of Eunoties veneris,
finomoeoneis vitrea, Tabellaris flocrulosa and Fragilaria
virescens. Alkaliphilous taxa are present in very low percentages. This
flora is most similar to the early flora of Llyn y Bi (Fritz et al.
1987) although Achnanthes minutissima is wore strongly dosinant in Llyn
Liagi in comparison with Llyn y Bi. The sbsence of planktonic diatom taxa
and the low percentage of alkaliphilous taxa indicates that Llyn Liagi has
been moderately acidic throughout ¢the period represented by the analysed
sediments.

Beginning &t 20 ce {ca. 185%1) precentages of the circumneutral taxon
@chnanthes minutissima begin to decline, with subsequent increases in

the atidophilous Frustulia rhomboides, Tabellaris f{loccuiosa,
Eunotia veneris and Achnanthes marginulata, the cirgcumneutral
Anomoedneis vitrea, and the first  appeareance of Tabellaris

guadriseptata. The greatest change in the distom assemblage occurs in the
uppernost & cm  {post-1960}, with the tremendous expansion of Tabellaria
guadriseptata and smaller intreases in the relative abundance of
Havicula heimansii and Melosira lirata.

pH reconstruction using inder B-Scandinavia, index B-Galloway, and multiple
regression of pH groups {(Balloway) (Flower 19B4) indicate & fairly stable pH
of 5.9 - 6.2 below 20 ¢cm  {pre-1B50}. The index B reconstruction models
suggest a slight decline of 0.3 pH units between 20 and & cm, assoriated
with the decline of Achpnanthes minutissima. The wmultiple regression
model suggests no net decline wuntil 12 com (§1917). A1l 3 reconstruction
techniques show & sharp drop in lakewater pK above & com (1959}, with & pH
declining over 1.1 wunits +to the surface. Reconstructed pH values at the
sediment surface range from 4.4 - 4.6, The multiple regression of pH
preference gqroups model comes closest to predicting the present mean pH of
4.4, but all model predictions fall within the present range of lakewater pH
(4.0 - 5.2},

These data suggest that Llyn Llagi may have undergone a slight (0.3 units)
decline in lakewater pH beginning late in the 19th century lindex B models!
pr early in the 20th rcentury {sultiple regression modell, Hajor
aciditication of the lake, marked by the expansion of Tabellaria
guadrisentata, however,; did not pceuer until after 1560 and continued sharply
until the present, despite the post-1970 decline in sulphur emissions. The
late onset of aejor ecidification at Llyn Llagi suggest & ssall source of
alkalinity in the lake catchment capable of neutralising acidic inputs.

4.1.4 Sediment chemistiry

Hajor cvations

11 the Helsh 1lakes exesined soc far have had chenges in their sedisent
constitution along the core. In comparison the changes in Llyn Llagi are
small, The loss on dgnition is fairly constant and the dry weight only
drops a little above 10 cm (Fig. 7i.
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The sodium, magnesium and potassium concentrations also change little. They
decrease above 20 ce {Fig. 13}, The sodium and weagnesium concentrations
also intrease a little from the base of the core to 30 cs but this

disappears when the concentrations are expressed per gramme of waminerals
(Fig. 14},

As the sedimentary calcium concentrations are fairly constant there are no
large changes in the basic sediment constitution in the Llyn Llagi core.
The trace wmetal concentration-depth profiles should therefore reflect
thanges in the level of contamination.

frace astals

There is lead and zinc contamination above 24 cm and copper above 22 ¢nm
(Fig. 15 k 18}, The nickel concentration drops above 20 tm and so shows no
sign of contamination (Fig. 14)., The 24 cm depth for the start of the
contamination is confirmed by plots of the trace wmetal concentrations
agasinst the weajor cations (Patrick et al. 1987} and alsoc when the
concentrations are expressed per gramme minerals (Fig. 17}, This depth is &
little below the dated part of the core but it extrapolates to 1BOO A.D.
{assuming 0.076 cw yr=*, Table 10). The contamination as in all the other
Helsh lakes is probably from the atmosphere. Contamination #rom wastewater
sources in these remote lakes is very unlikely and there has been no sining
activity in the catchment.

The total amount of zinc and lead accumulated in the Liyn Llagi core since
1900 is compared to that in other Welsh lakes in Table i!. Llyn Berwyn is
omitted as there {5 a hiatus in the core and it is not possible to tonstruct
a relisble chronclegy. The lakes divide into two grpoups with either &
lower or higher dry mass accumulation, Llyns Bynon and Hir in central Wales
and Llagi in the north-west have higher actumulation rates than Dulyn,
Eiddew Bach and Llyn y Bi. The Jlakes with higher asvcumulation rates have
also higher amounts of lead and zinc., As the position of the lake deoes not
influence the ampunt of lead and 2inc accumulation it seems ressonable to
assume that there is roughly the same contamination flur of trace metals
from the atmposphere in central and north-west Wales.,

The correspondence between lower or higher amounts of trece metals with
lower or higher sediment accumulation rates implies that the eféficiency of
trapping of the trace metals is controlled by the amount of sediment
deposited., When there is & low amount there is not enough material falling
through the water column to carry with it all the trate metals. The
sedimentation efficiency is thus low,. Greater anmounts of material are
needed to sediment out wost of the extra trace getals derived from the
atnosphere. 1f the sedimentary record is to be used to construct 2 map of
the variation of trace metal contamination §rom the atmosphere then lakes
with sufficiently high dry sass accusulation rates will have to be used.

Sulphur

There was not enough sample for sulphur analysis
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Table 11 Comparison of the amounts of sedimentary lead and zinc deposited
in Welsh lakes since 1900, The amount of dry sediment accumulated in the
samg period is also given,

Lake Depth equivalent Amount deposited since 1900
to 1900 ling Lead Dry sediment
mg m"= mg 8% mg cam”%

Central Wales

Bynon ié B383 4854 26355
Hir g 2707 1738 &1é
North-west Hales

Dulyn 10 1283 728 &28
Eiddew Bach & 33 009 &00
Liagi 16 62453 4423 §1543
Y Bi 5.25 &77 406 250

4.1.5. Carbenacepcus partitlesg

The carbonacepus particle pattern for Llyn Llagi, illustrating the number of
particles per gram dry sediment is given in Fig. I8 & Table 12. It shows
the presence of carbonaceous particles in small numbers at a depth of 22 cn
{ca. 1800 ADY, A smooth rise in particies then occurs to 9 cnm
{1940's} subsequently followed by & very ©Esteep rise in concentration to the
top.

The pattern for the carbonaceous particle count in terms of the oroanic
content of dry sediment is given in Fig., 19, Carbonacecus particle patterns
expressed in terms of the organic fraction of sediment (using LBI} may be
considered +to be more precise than expression per gram dry weight as the
supply of organic material to the sediment tends to be more uniform over
time than the input of mineral matter, which can vary widely. Using LOT as
a base has the effect of ‘smopthing' the soot pattern, and this can be
observed 4or Llyn Llagi. OGtherwise, the pattern is very similar to that in
Fig. 18.

4.1.6 Magnetic Measurements

Sediments 4rom Llyn Llagi Core 1§ were packed into previously screened
styrene pots and subject to the following sequence of magnetic
measuresentss-

i. Anhysteritic Reenanent Hagnetization (4RK) gsing a Hplspin AF
Demagnetizer set with & peak AF ¢ield of 100mT and & DC bias of 0,.04aT.
Sone pf the seasuresents between 11 and 22 ¢cm werez too close to the
instrumental noise level ¢o encourage confidence in  between sample
variations in calculated values.

2. ‘'Saturation’ Isothermal Remanent Magnetization (SIRH) wusing 2 Holspin
Pulse HMagnetizer with & maxieum DC field of BEOmT.

3. Isotherma! Remanence (IRM) measured at each step in a2 sequence of
reverse field DC demagnetization at -20mT, -40mT, ~100eT and -300aT for
samples from 0 - 30 cm.
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Table 1Z: Carbonsctepus particle analysis for Llyn Llapi 1

No., Carbonaceous
Particles

Depth per g per g
dry sed organic

{ca) v 103 content
¥ 10%
6.0 -~ 0.5 T53.74 214.1
1.0 - 1.5 36,58 102.3
2.0 - 2.5 I0. 23 104.5
3.0 - 3.5 37.74 B9.6
4,0 - 4.5 - -
3.0 - 5.5 2.23 27.7
£&.0 - 6.5 7.28 22.4
7.0 - 7.5 §, 23 i4.4
8.0 - 8.5 2. 64 9.0
9.0 - 9,5 §.61 14.7
10.0 - 1{0.5 1,30 4,1
11,0 - 11.5 i1.59 5.1
{2,0 - 12.5 C.88 2.8
13.0 - 13.5 0.69 2.2
14.0 - 14.5 0,54 1.B
15.0 - 15.5 0.81 2.7
16,0 - 16,5 0.34 1.1
17.0 - 17.5 0.07 0.2
{i8.0 - {B.5 0.28 0.%
19.0 - 19.5 0.20 0.7
21,0 - 22.0 G.13 0.4

oo

25.0 ~ 26,0 0
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All remanences were measured on & Minispin Slow-speed spinner Fluxgate
Magnetoneter, Susceptibilities were not measured ac the combination of
small sample size and relatively weak magnetization made the wsanmples
unsuitable.

Fig. 20 plots the magnetic measurements for this core. The right hand graph
shows reverse field ratios (IRM../SIRM) plotted against a horizontal scale
of percentage reverse-saturation. Thus 50 reprezents the point duriag DC
demagnetization at which IRM is zero and 100 represents the point at which
IRM/SIRH is -1,

Peak SIRM and ARM values are over an order of magnitude higher than would be
expected from atmospheric deposition. Horeover, the changing magnetic
ctoncentrations do not follow patterns potentially interpretable in those
terns. PBelow 60 cm, ARM values are low and where minimal, contribute to
high and wvariable GSIRM/ARH quotients as & result of the effects of
instrumental npoise. The increase in both SIRH and ARM above &0 cm leads to
e consistently higher range of magnetic mineral concentrations throughout
the upper part of the core. Frem 60 cm to cte, 12 ce, changes in
concentration and in interparametric ratios are modest. Above 12 oo there
are sharper {fluctuations in ARM and SIRM, culminating in peak concentrations
at 4.5 - & cn. Between 0 and 12 cm there are also greater variations in
interparametric ratios indicating significant shifts in magnetic mineralogy
and/or grain size. All the magnetic changes recorded in the core are
probably the effect of catchment processes ar changes in lake level,

4.1.7 Pollen

Fig. 21 presents a summary pollen diagram of the Liyn Llagi core. Appendix B
contains the {full pollen diagram,

The diagram has not been zoned since only the major catchment changes will
be disussed.

The pollen record indicates that a continupus sedimentary record appears to
have been preserved unlike some of the other lakes studied within the
project (Stevenson et al. 19B7a, Stevenson et gl. 1987b, Fritz et al. 19E7a

The +tree spectirum reveals little change within the regional vegetation
except for the normal rise in Pinus values asspriated with the afforestation
of much of upland Wales starting in the 1%00°s,

The most noticeable feature pf the pollen spectra derived from the catchment
is the major change in the Calluna to Bramineae ratio. It can be seen that
Calluna is predominant for the first half of the diagram but then undergoes
a wmassive decline associated with & large increase in Gramineae pollen
values. This change indicates that Jor & long period of time the catchment
was dominated by an extensive Callune vulgaris community and within the last
200- 300 years has been converted by fire and grazing to a Mplinia/Nardus
dominated community reflecting the present vegetational composition of the
catchrent.

This change ¢rom Calluna to GBramineae domination is not what would be
expected under the land-use hypothesis as propounded by Krug & Frink (1983)
and Rosengvist (1980), who suggest that since wupland sheep grazing has
declined dramatically over the last 150 years the reverse change should be
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expected which is then thought to provide & mechanism to scidify the lake
water,

4.2 Land use and manatcement {2

4.2.1 Land use

The Llyn Llagi catchment lies on acidic soils at an altitude mostly in
excess of 400m. The catchment comprises unimproved moorland utilised for
rough grazing. In terms gf its vegetational romposition {(see Section 2.1.3)
it may be categorised predominantly as ‘'grassy heath’ {eg. King 1977, Ball
et al. 1982},

In terms of the ADAS {2} 1land capability classification the catchaent
comprises land of categories HI - “improvements generally severely limited
but of moderate or high grazing value®' and H4 - ‘generally not improvable
and of low grazing value’ (HAFF 19801},

Land immediately adjacent to the lake and below the steep cum wall is
‘enclosed’ with rough dry stone walls., The date of this enclesure is unknown
but the notation 'Ffridd y Llyn’ on Ordnance Survey maps and the absence of
enclosure Acts relating to this locality, suggests that the enclosurels) may
have been established before the more expansive wmoorland enclosures of the
early 19th century {(Bowen 1914, Dodd 1927, Morgan 1939, Thomas 19&51).

Attording to a map produced by Hays (1943} the Llyn Lisgi catchment occupied
the south-gast mpst extremiiy of the Nanhwynain grange of the Listercian
abbey of Aberconway. The uppermost {'mountain’) wall may therefore date fronm
as early as the late (2th century.

Within the 'enclosed’ area two or three shallow drains run downslope for a
short distance from the lake. The date of this ‘drainage’ is unknown, Only a
few metres of ‘drain’ actually lie within the catchment.

Although ‘'enclosure’ and ‘drainage’ may have represented an attempt to
improve the grazing oguality of the land and have inevitably affected its
management (cf, Section 4.1.2}, there is no evidence that the small section
of the catcheent inveolved, experienced a change in land use as a result,

The altitude, soil acidity, wetness and exposed position of the catchment
determine that the land would be extremely diéficult to improve. There is no
evidence from documentary sources {(see below!, from air photographs, or on
the ground to suggest that the catcheent has ever supported a2 land use other
than rough moorland grazing.

It is unressonable to expect any attempt to have been made fowards improving
the acid moorland with lime. Herioneth is almost entirely devoid of
lisestone deposits and in the [%th century the high price of iaported lime
together with the cost of carriage over poor roads, ensured %hat it was
rarely used in remoter areas (Davies 1813} {3}. Contemporary farmers (P.
Williams pers. comm.} and authorities {(T. Rowlands pers. coam.}) confirm that
agricultural lime has not been applied to the cetchment in living senory.

Documentary evidence {4}

The tithe wmaps and schedule of Beddgelert ({1B40} {5y only provide
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information on the land use of the catchment for the north-western sector,
describing it as sheepwalk.

The description of the locality by Cliféfe (1840} &5 ‘a wild sequestered
scene’ with ‘barren verdureless precipices dividing the llyns® {(Llagi and Yr
fdar}, suggests the unimproved nature of the land.

The #irst and subsequent editions of the six inch ordnance survey map of the
area {6} show the catchment to consist of ‘rough or heathy pasture’.

The First Land Utilisation Burvey six inch manuscript map of 1937 (7} places
the entire catchment in the ‘moorlend/rough grazing category. The Second
Land Utilisation Survey six inch manuscript sap of 1570 (B) indicates a
vegetetion caover and distribution very similar to the present situation
{(Fig. 6.

The catchment lies within the north Snowdonia National Park region that was
studied in the Hoorland Change Project of Parry et al. I9B2. Analysis of
original project data ({9 confirmed that the Llyn Liagi catchment has
experienced no change in land use since 1BB7.

Non agricultural land use

Llyn Llagi lies just 2 ke north and west of the major Croesor guarrying and
mining region. The remains of at least two small ‘excavations’ can be seen
on the northern slope of the catchment. However, there i& no evidence from
documentary sources to suggest that any mineral was ever actively exploited
within the lake catchment. -

4.2.2 Land managenment

Pactpralism

Until the mid 19th century black cattle were an important component of the
pastoral economy of north Wales (Roberts 1959, Emery 1965, Hughes et al.
1973y, Gpats alsoc ranged the hills in significent numbers (Evans 1E1Z,
Roberts 1959, Emery 1965, Hughes et al. 1973}, as did young ponies.

Cattle were grazed on and occasionally ebove ffridd land in summer (refs},
but at over 350 m the +ffridd within the Liagi catchment was probably too
high for that activity. The central issues of pastoral management in the
tatchment concern its utilisation for sheep grazing.

As grangeland of Aberconway abbey the lower catchment probably has a long
history of sheep grazing., The Cistercians introduced sheep earlier
and in larger numbers to their land than was the case on surrounding
moorland. Hughes et al. (1973} suggest that in the 13th century Aberconway
grange land supported & sheep density of some 0.6 ewe units ha™? and a
sheep:cattle ratioc of 7.7:1,

The only quantitative data relating to sheep numbers in the vicinity of Llyn
Llagi are those of the annual parish agricultural vreturns of Beddgelert
{163, These were analysed at guinquennial intervals and are presented in
Fig. 2Z.

Although they represent the source of information most applicable to the
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Llyn Llagil catchment, the spatial resclution of these data do not permit
catchment-specific assertions to be drawn and their interpretation is
hindered by several other constraints. In particular they take only a
limited account of changes in sheep type and no  account of changes in
grazing regime (Patrick 19871,

Eheep numbers have fluctuated between 1B&7-1983 but the overall trend in the
parish has been for numbers to rise, particularly at the beginning and end
of this period (Fig. 22). The intreasing significance of ewes and lambs at

the expense of wether sheep over the last century, is alsc suggested froe
Fig. 22.

Within the Liyn Llagi catchment & broad increase in sheep numbers has been
recognised in recent years (P. Williams, T. Rowlands pers. comms.l,

& change in grazing regime has been apparent through the late 19th and 20th
centuries. The transition from hardy wethers to ewes and lambs, the
declining viability &nd eventual abandonment of the higher faras and the
greater availability of winter grazing on lower land, has resulted in fewer
sheep over-wintering on the high hills and a shortening of the grazing
season at these altitudes (Patrick 1987). Fiéridd land was frequently
employed Yo graze sheep in winter but at over 350m it is doubtful that the
land immediately adjacent to Llyn Llagi was ever put to such use.

Fig., 22 sugpests that although grazing densities have risen since 1940,
These trends are not catchment-specific and they assume that all sheep are
turned on to the hills (net an unrezscnable assumption in  summer).
Furthermore they take no account of the changing impact on grazing intensity
ronsequent upen the replacement of larger wethers by ewes and lambs.

The Liyn Llagi catchment lies in the Snowdonia National Park and is
designated as a S85I., The NCL have 2 consultative but little practical role
in the management of the catchment,

The catchment is infreguently burnt (7. Rowlands, P. Williams pers. comms.!
with the "enclosed’ area adjacent to the lake being burnt more ocften than
the upper catchment. The spatial irregularity of burning between the upper
and lower catchment is apparent from aerial photographs taken in 19446 {11},

Professor R.E. Hughes (pers. comm.) reports that in the 1950s the Molinia
Within the enclopsed area adjacent to the lake was cut in summer as hay to
provide winter fodder on lower land. That practice is no longer underfaken,

A (now disused! sheep pen on the north-eastern shore of the lake (12} was
utilised during the process of washing sheep in the 1lake prior to shearing
(P. Williams pers. comn.!}

The different intensity of land wmanagement beitween the upper and lower
catchments is a theme that runs ¢through the land management of the
catchment. The 1Jlower catchement has been “enciosed’, partly “dreined’, cut
for hay and more regularly burnt. It is probable that graring intensities
were {and arel higher than on the expesed upper catcheent.
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Subsidiary management practices

There is no evidence that the catchment has ever been managed for game., Nor

that the peat deposits of the wupper catchment were ever exploited as &
turbary.
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5.0 Conclusions

i} Sediment accumulation rates at the core site for the last 150 years
were spproximately stable (0.015 g cm-2  yr-1 The CRE model indicates
periocds of accelerated sedimentation around {900 and 1948-1975.

ii} The diatom based pH reconstructions {pre 1850} suggest that the pH of
Liyn Llagi was 5.9 - 6.2. Planktonic diatoms were absent from the lake and
the data suggest & +4airly stable flora of attached circumneutral and
acidophilous tara, Acidification of Llyn Llagi 1is marked by the decline
in  Achnanthes weinutissime &nd expansion of Frustulis rhomboides,
Tabellaria flocculoss, Eunpotia veneris and fichnanthes
marginulata and the <¢irst appearance of Tabellaria guadriseptata. The
greatest change is from & cm (1960} with the tremendous expansion of
T.gquadriseptata a&nd smaller increases in Navicula heimansii and
Melosira lirata. The data suggest & pH decline of 1.0 pH unit between
1850 and 19B5.

111} The core chemistry record demonstrates that trece metal contaminstion
of the lake sediments began at 24 ce (ca. 1BOO) for Pb and In and 22 cm for
Cu.

ivli The tontamination of the sedimente by rcarbonaceous particles commentes
at 22 cm, concomitant with the beginnings of trace metal contamination,
but concurrent with leke acidification. The concentration of these
particles increase rapidly from 9 tm (1940°s).

V) The pollen diagram identifies a shift in the local vegetation from
Calluna domnination to domination by members of the OGramineas, presumably
Nardus, Molinia & Agrostis. This change is the reverse of what would
normally be expected if the land-use hypothesis as supported by Rosengvist
gt al. I9B0 & Krug & Frink {(1%9B83) were in aoperation.

vil No appreciable land use change has occurred within the catethment
since the introduction of sheep by the Cistercian monastery. While sheep
numbers have increased in the area in recent years the documentary evidence
is not precise enpugh to assess whether the catchment has experienced a
significant increese in graring pressure, No liming has taken place within
the caichment and burning has not been a significant management practice.

vii} The acidification cannot be accounted for by land wuse changes,
Instead, all the date indicate acid deposition as the cause of
atidificaetion. The tiping of the thanges and trends of the astmospheric
pollution indicators ftrace metals, magnetics, carbonaceous particlest,
indicating local deposition of atmospheric pollutants, are consistent with
this viewn.
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i. See Patrick (1987} 4or definitions of ‘"land use’ and “land
manazgement ",

2. ADAS = Agricultural Development Advisory Service (HMAFF). Manuscript
1125,000 maps accessed at ADAS Aberystwyth.

3. The Tithe Commissioners (Beddgelert tithe <file, PRO (Few! IRIE
140951 attributed the ‘general unimprovability’ of land in the parish to
the scarcity of linme.

4. See Patrick (19B7) with regards to sources {and  their
interpretation) used in documenting land use and land management change.

S. Tithe map and schedule for the parish of Beddgelert, 1B40. PRO (Kew)
IR3I0 4B/5,

4, First edition surveyed {BB7, published 189i.
Second edition surveyed 1B9%, published 1500,
Third edition ammended 1913, published 1920,
Provisional edition ammended 194%, published 19353,
The area was not surveyed at 20 inches to a mile.

7. Held at the London School of Economics archive.

8. Held at King's College Lendon Geography Departrment, GBheet no. 552,

9. Field data accessed on computer +files and {325,000 maps at
Department of Beography, University of Birminghanm.

10. PRD (Kew) Llass MAF &B.

11. Air Photograph Oéfice, UWelsh Office, Lardité, 1:10,000,
279: 3121, 3122, May 7th 1944,

12. The ¥irst rcartographic record of this structure is from the first
edition Drdnance Survey & inch map {see note &1,



[5;
'a3
EER L]

HOSQMN
LA (HIO®)

"HIY
"Rl

BIR3Y

V350 dIH
3 (ISR
35370 1 B3

LI #IH
Whld

B E
BERE:11-T )
VEfe CKIgh )
TR L0

T AHLIN
LB Je

Sulss 4 Mg
I cndee
"BH3

HELAHATYIS Shann

SIS SATAOMEEIL Y683t

d5 VIBVIT39Y) ssbavi

VIVIISTH0VND VIR 1130 vodtv)
YSOWIIO0LS VI i3ue: visew)

95 VUORS bbsdiS

VUESSTISaNY A WRISSTIVIEI30 valixis Bileas
VLIHESKUIENS £ YHEISEHYS v30IMAS dp0ulS
d3 ¥TI33E80S oS

VHEBMUAINE VISDEIiGineIlS Yibuds

dS S1380115 abee%S

T4 543000 SIMUnvLS Bossts
HEYIIHIATAIMS SIINRNILS vHesys
SIHMIED 3 43 SIIN0UIVLS d1o8vs

d5 VINVWMATY sossld

VHELINIL 20 Vg waild nosold

11 45 ¥IMsUmdld Chosld

VIO ILEANS PigvUnld vevbld
YHHEIM ey A TIedd VInslnid 25504
Rivguddl Visvieinig viCsid

YIVLIVIS VI Yeale vItiid

VHYISTIH Yiav¥wdia ¥iltld

SI3NY ¥ieWanlg Y51kl

SISHITIWGT vl hsnid Vilkld
VIYRINGR3 9% $hetWhindd v i9lc
I3 e bwild Vohiie

3% [
EFSS L BTN | S

Hole £ i

RS DU T1 P SR
[ R J I

[T

[ A T |
BhE,

ILV O 1EIEEY Y
TN cay ki

[ LR 1t
L35 dlEN
1455 iKY

v 350 8IETY
1455 BB
VAR Al
L2ZIE!

143 IR
Y4

{35 ) Hovad Avacl
HIBOA

"1

IS

M-

RS
H3I5NI134
“E50e

‘Kilad

TAQGN ¥ W
"L

It

NS

Auda3u9

T

Teid

*ESfut.

E) ISR

Wi

HNET { Td3u3
“18484

Hiidr]
dleHis
HAIHIHIN W ae
TIARN L TN,
el Ty
RS (Y

“PHI
i
St

“wiH:
Tt 3 € navay
Ry 33 6 venil.

[ R LR
L B L by
PU34383s 34 1 Jaa

SHELELIT ChaT e ) 2
sdacbares S THlals wlavhurika
e Pl ) g

LRARHER TP

J5 YIHDITERY

PHGIN A 3T YIS kLR
Vi VIMIGILN

3L WIS IR

VERNIW 1S vhI e
REAHEEM

WIACYNSTE WOI0] b
S4HA0T ¢ IN1459 WOEE 3
34 ¥TLInv
ELPBA3AAVE0MNII T3 W alavs
Vivdhds do W

1 &5 whlitave

< 4% vHIMAvN

P d3 9EVHaww

# d5 vIlame

b2 &5 Whldlnwl

5UELLA 40 vlHAve

& &5 WA

L1 45 $Widines

SESNITAENTG YINIEavR
VXIRDDE103 YA
S3010WNIMIS VINIAYH
SEWARN Y Inv

YIRIINE) WAL
VIEH40ANT YUIDInVA

SI0Tu VIS YIN3IATH
WHIREW 2W31AuH

TESNON] i VIN2EAvN
51503049 YUIO A

VESNANY W1 awd
FIUSa3d ¥ YD
SHMS041 3032300 ¥W2invN
SH3Y3 30000 VI AR
YULLE VI AN

S0 3500035 v WA
SHHI0L03 YWIIAvH
HUINIRIS VETAGH

Y3 0 vSalavs YR AV
JERRETE Tk TGN TR HC
AL b V519043 wdIS0T3H
LHELRICEF RS R
EITAl 0 saielS10 vA0T5e
SHYLLIC vdisotw

IRl vEISEIW

SXAULHHY YIHISILNYH

4 I

RIEINIL v dubdvul
44 YHINGANOS

FHavd CH3HOKeM00

RIGHUE W Sl Tk a0

IH 0 v IldwiD
YIIHOSYS £ SITBdOHE ¥ WS
SR Gddulz YT LiiS0ad

4 VIR IOvad

BUALINYT O YIvEEe 10 REe 1 Oeng
Y 5T VT R
LGN vlEeH e

tHus o
ilila
vuusid
Trakii
saebll
oHoble
Yalhln
LIN-191
vaEglN
[TETEL
L3R
Wb dn
aechVh
SHoavi
pyostin
[EYE
YR
obba
B¥ bV
obdn
LhobvH
8404
prosvH
VEL i
Vipivn
YaZive
VIHsvL
yiphva
P L]
VEROUN
YIpivd
vivivad
vigevs
YITEVA
VIESUH
vIrevd
YITovH
Yyiaua
VETSUN
LVSEY
YLOBUN
Bf ¢avH
Vogivd
Guludu
Vuigdn
Iseew
LISl
L TR
LT 1
soaslll
YECUDg
LI
vt
LT
Whdbh
i 11¢E]
Ylati;
Honald
bonbE:
Solkd
L SUFE 5

"HilEH

SiTd

RAYE Tl
HOYS 4 CBHT )
"3

(45) BiHM
IEH X3 3uSSvMA
2933

ERERN)

‘1548t

(3004

"3

EaWH

‘18

‘B0 ¢ TEH3)
‘H3vE B354}
HAvH (HLINS 'A)
HIlW5 A

WY (1303w
WY . BHI)
'S {1130 )
‘38HH CiABg9)
¥l

‘WY 1 55T4E)
HAVY €L
‘HIVE {TAH
ETew '8 {21l
AL R T H
Vuild

‘WY X3 35U
am

H315134

NN { Chavd)
‘HANS (AURD3903
‘KD ¢ CHIYE)
i v

‘RIS

‘T
~HERONEISIYIN ( WNED)
S804 { "HN4D )
390 )
‘B

1L ]

pioas |

NI

it

‘Lifa

*| SR

"HYS

HLR: F

VIVLEES 1A vIgv I [0vgd vl
SNI3E34LN vIuAiGvas vad

EJiM3a  SHA3GIEHED IR avds Db
S didisned vlan i ivas v
vivmild ViavHwvas vie

dS YoMl cee

L de vhibAGS Lbo

YWHdIJEN EE0A02 vl
vHre~1didIvhd ¢ Lanilld w80

b AR E R TEENE I

THILSE3 wii0NAd vl

163V IAIVE Vb3 vit

EM28Y ¥pand vEl

#londud ¢110413 WY

VIAIBAEMIS ¥ 1mNI ¥
Wlodaadinl & v v1I0MET dul
yFtd v1I0Nn3 voi

WNOIL3 VIL0HAT Yol

BOEE A HOGDNOM WELDMRT 89
YWUNINIE v1k0mT vit

FIWLONVERS & SIuwHNT viiGund 89
SEyvnflT ¥140a03 Y9

eHLATY viIDHNY val

YY1 w1i0H13 v

WldRlivhd v1L10KNT ¥EL

YIVEGAN O STWAELI3 vILONNT B8
HEAIH 0 STTWHELDEL vilowd 824
SIWHIEYId ¥1E0HI3 W21

SININIA VILONAD Vi

YIVIHIT A VELNINE SE3N0I303 214
45 YTIIML]D bbe

T 45 vTI3duAY Lot

YIRETY YTI3aMAT wi

BOEH A WENTN40Y3L3H vTTIEMAD g1
D) YT Vi

SETVES ¥1130HAT VBI

VA3 V113844 91

1E1Y53] V1138453 w3l

VITISHdd3d ¥T130:40 vii
YWHAII0NI Y w1384 vl
SO318ERIN #TI3aNAD ¥

WTTH I S13n0WD WO

VIHEIA SI3RDIMONY Vel
YHISAHIVES A SHVINIS S1IN030w0dv BE
d5 YHUHERY &é

A3 SIHINYHHIY b

VSOG4V 20 SIMIRVHRIY L6

WPHI3A S3HINvNHIY 92

VILRVORNH SIHIHVRIEY ¥

Vvl SIHIRVRHDY ¥

VYITROEVE SIHLEYHKDY VB

IV WIIONIR SN Yo

T OEIWTHISIY S3HINVHEIY Ve
YHEISSEINHIN S3HERINHDY S
VIvBISOE o 13RI Bnisvidn 8%
YIS & SISY340T S3HiawaHdy 30
SHavIITT Saninemiar ol

IETT 5313547 1T



IN3344d

[ oy L A T [ “+ - + [
-(35
o wrmary R e S S B + r
-0
4 o [ + [ Bl 3 T L ,.Gm”
L r ey 4 L + [Eonns L4 L ..ON
. [ o 4 o] + et 2 E
i 1 s o] + o " P L
J — I e ' ] .
L o prmes _ s un] [ +| iﬁ:
¢ u“ nl“ 4 “ .“ FE
L wif o + E ]
) b ] et ] e ] e e ] XD ) ] ed ed ] ] wd wd ] o MO
Yo A D L e LAY D A JRPRE\ TN T I < T <! A0 0 0 0 o
%&@M))@w);\wwﬂ)‘wﬂww))@@w@,yow 59 %@%Mo&%a%%w@%M«,V%M«%% ,,y«%%«@M«%@w«.,p%wya%w@%ﬂ%&%@%%@% W
I S P A AL R PO R S S e e POttt ad-cag-c oo e
/O/&&WO&M(&)x&é&éﬁ?&&#féd&wdd)W/)./,u,& vy » nu&\wnu ° /O//,.O &é/%/ O+,0nu A/mm/(,. G&éﬁ\wnyx)\%?) /\M&)&Aﬁ/zy,?ﬁwo 7@)0 w&?@
SORCRIN RN N S P AW NS L T B TN
Kw 7 .'0 . _7 = K ..G/V./ &Vd . 7 & & 7 &
A0 o et 2P
e 1 0 v
WYY A2 W
e



al

&4
+ 4+ 4+ 4+

IN3343d

o + 4 +
{ + 4
o o ...n ¥ L d +
s o « + + 1 +
+ L = + *
4 +
+| + L & 4§
4 + + + + ¥
1 9 + + +
=4 < t L L L
L k| +
= L 4 E:
+ o “ + + ] Ly L
D (0 2 (2 (62 (63 68 6 2 8 6 6P 6 6 0 i ad D 0 g
S ffO% f«@% /.VO/k .w,vOny C.Onw /.,..04/ f(O? /.VO/,r /(Odr /w@r f«OAy /(Onr f(Onr /.,.\Onr fvodr))\w@v )..w&/v )\w&{ )\w&/v )\w&fv
G.w_w,&o,védvé\%.d )&))d._f,&dwé.wéow.&ﬁwéf@&&é&} BTy nué)?d)v&),v&)
L d b 6 _ M A -
N R AN N S QL SN ST T
NN xrw\w N5 W oy & /.nu.%w XN & &m.OQ &))/ ,%.Mw
e ,Gn%/nu S s,v&&( o
,&OJ& .Gf@u




L
ol
+f

-9

-0G

b [ o— I S N
+ +
*.
k4
" -
' ¥ ™
N .
4 " I”M
4 + L L
+ 4 L u -1
A R W P 8D o P D ad o g0 ad?
5T S IR O e A e
I I A A S N N
R B T S L T AR RO A
. GO ey 0/xr_w N ,odarn/ )@7&) e A > Ar/.,.yO Ko KO@z@. %%wﬂ&;u&fs&dﬂéxw w,.%.ny
" W P W WD 49(%7 nu\wo o nud.\w.uw&/é,%w.ofny J/mu.,/
e o .7
N o0 A A
,%f.nro &Q@o &\w(/p

JﬂJJJBni!-uh



.

56

I ERER

b b L b g L Ld b L) b L L L b b Lol o LldoLl o] L] L
4 + + + -09
+ + q +
-5
+ + <
-0v
+ +
-0E
% 4+ i L4
j + + * p02
+ + L
+ + L + L “+
[ g [
H + + ¢+ [ + q
+ ¥ _..Dw
" + 5 + < + +
+ + %
[ & p b
+ L L2 4 o L
[ SEOUE S U R U U R S — [ S, S SRS S by o] o] f.ﬂ. [ WU S S N w— | S— [— [ S— ] -O

R R o oY o o N T T R T o T O T R O R O LR R L e e
7.0 #7.0 7.0 f?.& 7& 7.& 7& 7& 7.& ?.& 7& 7& 7& 7.& 7& 7@ 7,0 7& AT A \/\W Wl
A A I AT AT AT A P A I U
Fe) ,o)v 6\6 ,o)o d)n, 5)9 &)9 &% 6)9 &A/ .o&f &&M/ ,%v
WO f&& 7&6 S (3o «v\.vv '
SN W M W
SN Qs O



INJOYEd

ne

e led ] L b e L ”E“w [ [ L _!“ b L f ] L] L r..ﬂ W.U.J ri.ﬂ _x....m; | IS S S S SN B A
+* + 4 + 4 # [
+ + L + + +
+ o« +
+ L + [ [
< + E 4 L.
“+ +
r + i
NN + + + 4 4 =
+ 4 o
+ P + L + 1 + *
¥+ + . L + L2 + o
+ . o - 5 + +
+ . L +
3 Ad ad ad'adl 4 3 d AR A R ARl T R e R R
W2 be W) /k_f 4&« JV/ Y &w (.f /\.f Wx v /U. /\w .x\w /‘w 76 7.0 7& 7& 7& N N 7,0 N
,&/%%W&MN,%‘MW&M%%%MW&%M T U W U e 8 8 0 S
ke O A R R N A R A TALJST PN A I - “ I “ I = TS = I S S
- )/&&&7/0 %&@&&o&&@z@&%& %&d ¥, wxony&(o\w x,v&.y é..w).o 5 R éu)o 0 $© WA - T T R T
LSRN L\ St N NS N e e ov>
AN 5 0 no.fm ) o -~ ~o " oo
- &w& » o 04/0 ©
> %@ SO\ nuv\wvz
)
53




58

af

.

SENNEREN

IN3J43d

«f

+

-+

[ e

uscmmend

S

L]

I

bt

+
.

Fu—

Lot

s

¥a)

e

&

A

mw
QP

o
5

Honssncnd

A8
N
%\Mx%)?

o0

N

<)
WO

S
W°

\

NG

o
By



A
N i Hl H H

¢

2]
I
.,

% L l“!u;f

”” Lhe i

%HliillllmHHtHH’I'"'.;

...................



&0

‘z{% =

« L jtsreses ers% 44% s+ lo

- B

. ¢

- 8

& | 2.
™,
UL -

. =
% iisoses cees seve o ole

. 2

a

2

©, =
A -

em e P ANERBE ' RNBUERERER

i

e



6l

£
%%uvliltw!,ifi?liiii;si
%,
Q’"aln!*ll!ill!‘lzli!fgl
‘b@%

SRR PRI

LA 20 WTYE W0 W VTN B S VRN -0 S L A |

EEREER AL R NI

bl e T o T A 0 TRV T Y T 2. P T 1

44,4000'@400—“"““'#0

J‘%
* EEEN

g g e

@ W W W & T

------------

o

&



| %azlasli!iililiallll I l
il

vvvvvvvvvvvvvvvvvvv

QQQQQQQQQQQQQQQQQQQQ



Np.

Ko,

No.

Ko,

Ho.

Ho.

No.

o .

Ho.

Ho.

Ho.

No.

it

ii

iz

PALAEOECDLOGY RESEARCH UNITY
RESEARCH PAPERS

Patrick, 5. & Battarbee, R.W. 198! The influence
of sanitary and other social changes on the
eutrophicaetion of Lough Erne since (B850: Project
intrpoduction and & consideration of f{he potential
role of metabolic wastes. 43 pp.

Battarbee, R.W, 183 Diatom analysis of River
Thames foreshore deposits exposed during the
excavation of & Roman waterfront site at Pudding
fane, London. ig pp.

Patrick, 8, &  Battarbee, R.W. §983  Rural
sanitation in the Lough Erne catchment: History and
influence on phosphorus loadings. 26 pp.

Patrick, 8. 1983  The calculastion of per tapita
phosphorus outputs from detergents in the Lough
Erne catchment, 23 pp.

FPatrick, §. 1982 FPhosphorus loss &t sewage works
in the Lough Erne region. 36 pp.

Flower, R.J. & Battarbee, R.W. {983 Acid lakes in
the Galloway uplands, South  West Scotland:
ratchments, water quality and sediment
tharacteristics. S5 pp.

Fatrick, &. 1984 The influence of industry on
phosphorus loadings in the Loch Erne region. 46 pp

Battarbee, R.W. k Flower, R.d. 1985
Palaenecological evidence for the timing and causes
of lake acidificetion in Galloway, Gouth West
Ccotland., 79 pp.

Raven, P.Jd. 1985 The use of aguatic macrophytes
to assess water quality changes in some Galloway
loche: an exploratory study. 74 pp.

Anderson, N.J. & Battarbee, R.W. 1985 Loch Fleet:
bathyasetry and sedieent distribution. 1B pp.

Battarbee, R.W. et al. 1985 Distoms and acid
lakes: proceedings of & workshop.

Battarbee, R,H. eand Renberg, 1. 1985 Royal
Society Surface Water Acidificetion Project (SWAP)
Faleeclimnology Programme. 18 pp.



No.

No.

No.

Ho.

KNo.

Ko,

No.

No,

Ho.

Nol

13

14

18

i

i7

18

19

20

25

42

Raven, P.J. 1986 DOtcurrence of Sphagnum moss in
the sublittoral of several Galloway loths, with
particular reference to Loch Fleet. 40 pp.

Flowery, R.J., Rippey, B. & Tervet, D, 1986 34
Galloway Lakes: Bathymetries, WKater quality &
Diatoms.

Flower, R.J. & Nicholson, A. 1986 Bathymetries,
water guality end diatoms of lochs on the island
of South Uist, The Duter Hebrides, Scotland. 42pp

Fritz, §.C., Stevenson, A.C,, Patrick, 8.7.,
fppleby, P.6., Oldfield, F., Rippey, B.,

Darley, J. & Battarbee, R.H.

1986 Palaececological evaluation of the recent
acidification of Welsh lakes. I: Llyn Hir, Dyfed,

Anderson, N.J.,; Battarbee, R.W., fAppleby, P.G.,

Stevenson,; A.C, Oldfield, F., Darley, J & Glover, &.
(1986) Palaeclimnplogical evidence

for the recent acidification of Loch Fleet, Galloway.

Kreiser, A., Stevenson, A.C., Patrick, S5.7.,
Appleby, P.G., Rippey, B., Darley, J.

& Battarbee, R.W. (19B&)

Falaeoecological evaluation of the recent
aridification of Welsh laskes:

Il. Liyn Berwyn, Dyfed.

Patrick, 5.7, & Stevenson, A.C. (1986}
Palaeoecological evaluation of the recent
aciditication of Welsh lakes:

I, Liyn Conwy & Llyn Gammalt, Gwynedd.

Stevenson, A.C., Patrick, §.7., Fritz, 5.C.
Appleby, P.B., Rippey, B., Old¢ield, F., Darley, J.
Higgitt, S5.R. & Battarbee, R.¥. (1587}
Palaececclogical evaluation of the recent
acidification of Welsh lakes:

IV, Liyn Bynon, Dyfed.

Patrick, 5.7. {1987} Palaseoecclogical evaluation
of the recent scidification of Welsh lakes:

v, The significance of land~use and land
managenent.

Stevenson, A.C., Patrick, §.T., Fritz, B.C.

Rippey, B., Appleby, P.6., Oldfield, F., Darley, J.
Higgitt, G.R., Battarbee, R.W. &k Raven, P.J. (19B7}
Palaececological evaluation of the recent
acidification of Helsh lakes:

VI. Liyn Dulyn, Bwynedd.



No. 23 Fritz, 5.C., Stevenson, A.C., Patrick, 8.7.,
Appleby, F.G6., Gldfield, F, Rippey, B., Darley, J.,
Battarbee, R.W., Higgitt, BE.R. & Raven, P,J, {1987]
Palaepecologital evaluatien of the recent
acidification of Welsh lakes:
¥it. Llyn y Bi, Bwynedd.

Np, 24 Patrick, S.7., Fritz, 5.C., Btevenson, A.L.,
Appleby, P.6., Rippey, B., Oldfield, F., Darley, J.
Battarbee, R.HW., Higgitt, S.R. & Raven, P.J. (1%87)
Paleeoecological evaluation of the recent
acidification of Helsh lakes:
vI11l. Llyn Eiddew Bach, Bwynedd.

No. 28 Patrick, 5.7., Stevenson, A.C., Fritz, &.C.,
Appleby, P.G., Rippey, B., Didfield, F.,, Dariey, J.
Battarbee, R.W., Higgitt, 5.R. & Raven, P.J. {1987}
Palaeoecological evaluation of the recent
acicification of Welsh lakes: .
IX, Llyn Llagi, Guynedd.

For copies of Research Papers# or further information, please
contact Dr. R.W. Battarbee, Palaeoecology Research LUnit,
Pepartment of Beography; University College London, 26
Bedford Way, Londen WCIH QOAP.

(#«NE There is & nominal cost of £2 for each copy. Please
male cheques payable to University College Londant.





