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Bumpary

il The =2:°ph Chronology reveals that the sediment accumulation rate in
Llyn Hir has  begen extrearly alow. {ca. & ag ca-= yros,
yro®l

0.7 mm ca~?

ii} f# clear acidification of Liyn Hir has occurred over the last 120
years, with & distingt accelaration beginning in the early 19402, similar
to the acidification previously describad in Galloway.

ilid The core chemistry record demonatrates that trace metal contamination
nf the lake gedigente began at 11 eea (1BBO's) and parallels the
acidification recorded by the diatoms, Bimilar trends are shown by the
carbonaceoue cenoephers and magnetic data

ivi The pollen datsz and documentary evidence demohstrate that apart froas
phasee of small amounts of ecil wrosion no appreciable land use change Hhas
occurred within the catchment since the introduction of sheep by the
Eistercian monastery in the 12th century,

v} The acidification cannot be asccounted for by land use changes. Instead,
all the data indicate acid deposition as the causs of acidification. The
timing of the changsse and trends of the atmouspheric poliution indicators
{trace metals, magnetics, cenoepheras), indicating local deposition of
atmospheric poliutants, are consistent with this view.

vi} Llyn Hir i3 the firet Helsh site where recent lake acidification has
been clearly demponstrated.
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1.9 Introduction

Surface water acidification is recognised as one of the most important
anvironmental probless in Europe and North America, yet despite the
pioneering work of Gorham on precipltation chemistry in Cumbria (Gorham
1958} the ewtent of acidification in the UK iz still not known. In earlier
papers (Flower and Battarbee 1983, Battarbee et al, 1985, Jones et
al. 1986) we established that lakes on granitic rocks in Galloway, South
West Scotland, were strongly acidified and that the most likely cause of the
acidification was acid depomition. We have now extended our enguiry to
acid lakes in Welee 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.

{ur approach involves the use of diatom analysis to reconstruct past pH
valuess ='°Ph analysis to establish & take sediment chronologys
geochemical, magnetic and “soot” analysis to trace the history of
atmospheric contaminationy and pollen analysis and land-use history studies
to evaluate the influence of catchment changes on the past ecology of the
lake.

Livn Hir, one of the Teifi pools in mid-Wales (Fig. 1)}, was the first site
chosen in Hales. It has recently besn limed (Underwood et al. 1984},
but prior to liming it had 2 mean annual oH of 4.7 and had becoms fishless
in recent vears. The catchment is largely undisturbed, comprising upland
moorland and rough grazing for sheep. BSediment cores were pbtained in May
1784, a vear before liming.



) DYFED

%

':' ¥ /é o J
Do ra
;
T " GWENT
L :
¢ T
! GLAMORGAN
o T,
;,.A_“,\fvi >
i
$ SGLAMORGAN §
g km 2
D iand over 400m [T |

Fig. 1. Livn Hir location map.

[£4]



2.0 8lte details

2.1 fAlr gualify

Llyn Hir experiences & moderately high acid and sulphate loading (Figs.
2-3}. 8o far insufficient historical data are available to assess whether
there hazs been an improvement in the pollutien ensvironment since (973
asgociated with failing emissions.

2.2 Lake

The lake liez at an altitude of 435 o in an area which receives a rainfall
of 2000 mm yr—*. It is an elongated ('Llyn Hir' = ‘long lake') narrow body
af water (surface area 0.95 ka®), which drains a emall catchment of 0.22
km=. The doetailed bathymetry (Fig. 4) reveals that it is composed of
three significant depositional basins two of which are separated by s
submerged rocky ridge. Overall, the lake hag @ mean depth of 2.9 m and
volume of ca. 134,000 m® (Table 1) and displayes minimal variation in wakter
level (Underwood et al., 1986). The drainage network is poorly formed and
no distinct inflowe exigt. HMost of the water movement is by groundwater and
surface flow especially in 2 or 3 arszes of very wet flushes dominated by
Eriophorum vaginabtum#. A single autTlow drains the southern end of the
lake (mean daily flow = 0,13 n%~* Underwood et al. 1984) feeding the
reservoir of Llyn Egnant.

Table 1 LAKE CHARACTERISTICS

firea 48852 &=

Volume 156367 m°
Maximum depth B.8m
Mean depth 2.79 m

2.2.1 Lining and wabter chemistry

Liyn Hir,; together with Llyn Berwyn, was the subject of a liming superiment
vonducted by the WWA in the spring of 1983, Detailed results may be found
in Underwood et al. 1986, Befors liming, pH at Lliyn Hir varied between
4.3 & 5.1 with zero or very low levels of alkalinity and dissclved calcium
{(0.5-1.2 mg 1—*)., After liming on the st & 2nd eof April 19835 pH,
alkalinity and digsolved calcium all increased significantly, whils
dissolved metal concentrations, especially eluminium, decreased az they
precipitated under the higher pH regime (Fig. 5, Appendix &). Subseguently,
pH, alkalinity and dissolved calcium all decreased again as calcium rich
lake water was lost down the cutflow and replaced by acld groundwsters. The
lake was re-limed on 12/12/83 to bring the pH back up to 7.0 (Underwood et
al. 1986). Subsequently pH, alkalinity and dissolved calcium have all
decreased again but still remain at a higher level than before liming began
in 1985,

2.2.2 Lake vegstation

At Llyn Hir the principa! macrophyte in the littorsl zone was Nardla
compressa with  Sparganium  angustifolium, SGphagnum acubtifolium and
lapetes lacustris being recorded to depthe of 2-4 o 44 species of

#Nomenclature follows Tutin et al. 1964-1980.

%
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LEYH HIR WATER CHERISTRY, HODV. 1983 ~ MaR. 1888
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macro-inverishrate (Appendix B} ware recorded from the lake prior to
liming, which are all typical of oligotrophic lakes with a pH of leass than
5.6 (B.Morrison pers. Ccomm.)

2.2.3 Fishing history

Before the liming study the lake was regularly stocked, but incressingly
with limited success. Attempts to stork from neutral water hatcheries failed
{Underwood et al. 1986), ag did the introduction of the American Brook
Trout in the 19708 (Dondry 1981). Berlious deterloration of the fishery was
recognised by (982 end by 1984 fish had =all bult disappesred (5. Jones
DErS. COMm. ).

Liyn Hir lies on land that was granted to the Cisterclan wmonkes of Strata
Flarida Abbey in 1184 (Wiliiems 188%}. The monks stocked their lakes in this
region with trout from Shropshire and other places (Ward 19310, It is
therefore possible that Llyn Hir was first ‘managed’ ag a Tisherv as early
as the 12th century.

In the mid 16th century Leland degcribed Liyn Hir as being ‘plentiful  of
trout and seleg’ (Toulmin Saith (90&).

The lakes above Liyn Teifi were s popular fishery {1} noted for their trout
and ewles tn the 18308 {Leigh 1835, [t was the quality of the trout which
drew the attention of later commentators. Cliffe {(1B&0) described them as
‘large but rather shy’, whereas Morgan (1878) considered the trout of the
Teiti #Pools as being unsurpassed for their {lavour {(those in Llvn Hir could
weigh up to four lbal.

By 1860 the Crosswood Estete of Lord Lisburne had obiained the fishing
rights to the lake, although &t thie date it was suggested that the fishing
wags not strictly preserved (Cliffe 1B60). However, at later dates the Estate
ta known to have stocked the lake (B, Jones pers. comm.) and maintained a
kepper on the lake shore in summer months to protect the Telfi Pool
{isheries from unauthorised anglers {2}.

The Cardiganshire Hater Hoard {now subsumed into the Helsh Water Authority -~
WWAY acguired the lake in assccliation with the Llyn Egnant reservolr scheme
in the garly 1960s, fround this time the lake is remembered by contemporary
anglers as supporting & good quality trout population that sepawned at the
side of the lake and provided catches averaging 0.5 lbs (5. Jones, M. Morgan
pers, comm.!. The water authority ran the fishing in Liyn Hir for a period
before letting the rights to the Teifi Pools Angling Association in 1981
£33,

The late date of the fishery decline may be misleading. It has bean
suggested (M. Morgan pers. coem.) that increased stocking of the lake from
the marly 1940z regulted in an enhanced {fishing pressure which took its toll
on the native stork. This garlier deterioration was howsver masked by
centinued stocking.

it i appargnt {allowing for the notorious inssactitude of fishing
histories! that Liyn Hir supported a healthy and long establighed fish
population. However, in recent vears the lake deteriorated as a fishery
until by 1984 it wazm virtually Fishless. Possible reasons for the poor
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fishary status of the lake can be deducesd from the water guality data, since
tfish toxitity arises from combinations of low pH, low calcium & high
dissolved alupinium concentrations (G°Donnell et al. 1984).

Following the instigation of the WWA's liming programme in fpril 1985, the
Take wag stocked with 300 brown trout and 300 reinbow trout with no apparent
mortalities (Underwood et al. 19H&).

2.3 Catechment

Liyn Hir has a very small catchment (228,146 &™) of which the lake
occupies some 48,853 m®  (Tahle 2, Fig &), As a consequence Llyn Hir has a
relatively large catchment:lake ratio {3.47). Thir soils and vegetation
cover most of the catchment but on some of the steeper slopes the underlying
rocks are euposed.

Taeble 2 CATCHMENT CHARACTERISTICS

Total catchment area 228166 =
Area of land in catcheent 179313 o>
Brea of lake 48B%T o™
Catchment/lake ratio 3. 467
Maximum relief 1% o

2.3.1 Geology

Base poor, lower Palaepzoic, Silurian mudstones and shales dominate the
catchment (Rudeforth 19703, These largely impermeable rocks are resistant
to chemical weathering and the drainage waters are of low hardness
(Underwood et al. 1986}, Detailed geoioglical mapping is not vyet
available, but unpublished 1:110,000 @maps are held by the BGS at
Aberystwyth.

2.3.2 Soils

Soile of the catchment belong to the Hiraethog serigs of the Hafren
association (68542 and are chiefly stagnopodzole and stagnohumic gleys
(Rudeforth et al. 1984;. Typically these soils, characteristic of the
Nardus grassland, are thin (30-40 cm) with a wet peaty surface horizon and
bleached subsurface horizons, often with a thin ironpan. In places
amorphous acid Sphagnum/Eriogphorum  peat has accumulated which is being
eroded at  the southern and esstern sides of the lake.

2.3.3 Present Vegetation

Mardus stricta and Festuca ovine grassiand dominate the catchment

vegetation (Fig. 7!. Small areas of Eriophorum vaginatum and Sphagnum
teg. S.cuspidatum, S.papilliosum and S.compactum) bog are restricted to
the wettegt fiushes and incipient drainage channels. Molinia

caprulega iz resiricted to the wmore nutrient rich wet flushes around the
edge of the lake, Polytrichum communsg, Aulocomnium palustre and
Tricophorum Ccegspitosus are also common. Very littie Calluna ism
tound in the catchment and those plants that are present are very old  and
almost moribund. Pleridium is not present within the catcheent.

15



== == Catchment boundary . - 7
—=— Track 4 {j ,,: /
“—e  Ferice /7 2’ ’:? ,/l //

B  Site of cottage ff ?,*’ §<’ 7
= Cliff / / ¥/

{ 100m

Fig. 6. Catchment diagram showing tracks, fence lines, contours and cottage.

16




| Molinia

/;/,/ Nardus/Festuca N
J N J :

QX\\ Eriophorum vagingtum NN\ 1

Fig. 7. The catchment vegstation of Liyn Hir.

17



3.0 HMethods

3.1.1. Surveying

The lake was surveyed using the technigues described in Stevenson et al,
1585, Shore gurveying stations were located on opposite shoreg at  the
narrowest section of the laks,

3.1.2. Collection of sediment cores and routine laboratory
meagurements of sediment characteristics

Cores were taken from both the north and south basins using a Mackereth
mini—corer (Mackereth 19269} operated from an inflatable boat. Bampling wasg
carried out during July i984. The south basin provided core (HIR 1)} which
waz used for dating and analveis (Fig. 4).

Core HIR 1 (76 cm) was entruded in the laboratory and sliced into 1 cm
glices. The top 50 cm of sediment was sub-zampled at 1 cm intervale for dry
weight, lose on ignition (st D80=0) and wet density measuresments. The
remaining 26 slices were subsamplied at 2 cm  intervals for these analvses.

Arnalyses for dating, magnetics, chemistry, soct, diatoms & pollen were
&ll conducted according teo the standard smethods set out in  Stevenson
gt al. (1984).

A second core from the south basin, Hir 2, was used for PAH and & third

core, Hir 3, from the north basin was ussd for supplementary magnetic
analysis,

18



£.0 Results

4,1 Lake nistory

4,1.1. Sediment Description

The changes in the measured sediment characteristics are shown in Fig. B.
The principal component of the sediment ig a dark brown mud of oarganic
detritus, with most particles less than O.imm in size. In appearance the
composition of the sadiment seems uniform down the core although small scale
fluctuations in the organic content are apparent in the loss on ignition
profiles. In the sediment 913 cm below the surface there is a small ambunt
af fine sand which e reflected in the slight increase in the dry weight
percenteges with a corresponding decrease in the percentage lost on
ignition.

4.1.2. #'9Ph dating

Sediments from Hir | were analysed for =2*“Ph, “*#*Ra and '*70Cs by gamma
spectrometry {(Appleby et al. 1986}. The ='°Pb and ***Ra results are given
in Table 3, and shown graphically in Fig. 9. The **7Ce results are given in
Table 4 and Fig. 10. Teble 3 gives values of a range of other radioisoctopes
deterained from the gamma spectra. The 2°Pb results show that the
unsupported **°Ph  (pletted on a logarithmic scale) varies linearly with
depth, except for a disiocation of the profile between 10.5 cm and 13.5 cm.
Since 15.5 cm ie dated 1858 by the CRE ='°Ph dating model ({(Appleby and
Olafield 1978) and 1837 by the CIC medel, it would appear that this feature
relates to a disturbance in the latter half of the 19th century. Fig. 11
plots the ®*°Pb chronoclogies given by both dating models. Except for the
period of this disturbance there appears to have been & very slow sediment
accumulation rate of ca. & mg em™® yr~® and thig is reflected in the high
210Ph  concentration in the near-surface sedisents of 45.6 pCi g~*. The CRS
model indicates accelerated sediment accumulation rates during the period
18751910, with a peak accumulation rate of ca. 37 mg ca™™ yr™* in 1888, and
may be related to the construction of the cottage (see note 2). The CIC
dates for this part of the core are older than the CRS dates, indicating
possible dilution of the unsupported 2:°Phb by accelerated sedimentation.

The *=7Cs profile (Fig. 10} has & definite peak at 2.9 cm. The **:4np
concentrations (Table 4}, which also derive from nuclear weapons testing
fall—out, have a maximum values at 1.5 cm. Since 2 cm is dated by =*°Ph tp
1964 it would appear that these features are associated with the 1963
fall-out peak. There are, howesver, significant **7Ca concentrations down to
15.85 cm, indicating considerable diffusion of this isctope.

The **7Pb inventary of the core represents a mean T*°Pb flux of 0.38 pCi
em=® yr~t, This is within the range of values consistent with use of the
CRS model. The chronology gliven in Table &6 is based on the CRE wmodel,
although as shown in Fig. 11, there is no significant disagreement with the
CIiC model except at the lower depths. CIC model results are given in Table
7.
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LLYN HIR 1 SEDIMENT DATA PROFILES
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Table

Dry Hass 2:0P6 Lonc Cus Unsupported gtd Errors
Yotal Unsupported 2Hoph Conc

g e pli ¢7* gt ¢t sfi ce™® Total Uns
6.0254 43,800 43,800 1301 2.68 .08
0.4888 46, §40 45,352 .19 .62 1,45
0. 1341 36,740 30.040 64691 0.9 1.00
0.2297 19,970 19.473 8. 483 6,78 8.7%
0.3084 12,116 11,244 9. 669 0.38  0.36
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3r 29Ph gad Z¥%Ra data for Core Hir
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4.43
0. 2%
631
.08
8,10
4.08
0,06
0.04
.90

pli ca®

0.4
2,10
3.93
=
7.08
7.82
6.4
9.5
i0.47
16.77
16.83
19,93

Luasylative *370s Fract

-

6,04 0,051
6.10  0.192
6.14  0.360
6.47  6.5327
6,19 0.648
6,19 0.718
6,20 4791
6.2, 0870
6.22 0.938
6.22  0.983
6.22  4.993
0,24 L.o0d

Table § Ofther radivicotope data for core Hir |

Bepth
£

0. 50
.00
2.59
3.36
.50
3.56
1.56
£4. 30
15.5¢
20.5¢

23,50
33.30

ZZEQ&

0.00
.09
0.7
4.30
4.85
104
§.b6
.08
.98
0.%4

£.19
5.7

2 Xﬁﬁ 3 3§ ZZEAE
ipli g1t
.30 6.2 f.00
0.00 4.0 §.09
0.98 6.26 4.7
400 .23 4.23
§.00 4,09 G.564
.92 .00 8.62
.04 0.11 8.33
102 PR 0.74
8,47 6.11 8,71
4,38 §.09 .58
6.72 6. 18 §.93
0,27 6., 04 §.42

zzsrh

§.%
£.93
.83
6.89
6.85
.03
6.42
.61
f.08
1,86
.39
.86

Lus
tins

9.68
0.20
4,26
.78
4.30
.30
6.32
8.33
§.33
(Y
.54
0.3

2%the concentration

pli g

0.24
§.31
0.23
6,00
6.00
3.60
0.%0
¢.00
0.00
6.60
6,00
6.0

QBK

.60
130

7.39
16.17
12.06

3.469
12.48
20,35
£9.54
20,9

21.54
it. 1

21

#f=

0.47
0.08
0.04
.00
4,00
.00
8.40
4.60
g.00
0.60
4.00
.00

2280y Lonc

pli g”

¢. 500
f.088
0.160
0.497
0. 886
1. 609
0,643
1.080
7. 9%
8.940
i. 184
.5%%

13

Comulative 2%'4a

pli

8.0t
.02
0.04
8.0%
.03
0.5
¢.45
0.93
4,05
.03
6.0%
3,05

I

+i-

0.60
0,60
6.81
.01
.01
.01
8.81
¢.01
0.6
8.04
6.01
4,01

Fract

0.122
0.46%
4. 831
1.008
1.060
1.000
1.000
i.000
£.000
1.600
1,000
1.000
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Yable &, *'°Ph dats and CRE calculsted sedisent sue aed sccusuistion rates for the Live Hir T sedigent core

Depth  Tolal *'°Ph Cusulativa  Date  dgs Bedisent scrusulation rats  Slanderd  ***Ra
Unsugperted grear
2!9?&

e pbi gt gii ca™? i v BE mpestyrTt am oyt 1 alt gt
6. 40 13.17 {984 8 - .

.50 45,800 16,66 f980 L] 2 7.4 [ & £.7 . 900
£.36 §h. 440 7.%4 1976 4 2 5.3 .82 9.8 1.088
2,50 .74 5.38 £958 el Z 3.9 0.78 1.4 8,700
1.9 19.979 31.5% 1944 Ll 3 5.4 0.73 19.8 4,457
£.50 i2.110 2.3 IEAY 8 3 6.3 .78 15,4 0.844
3.50 7.3%6 .51 1919 43 7 1.7 $.89 2.4 £.009
5.5 e 1.24 1944 13 g 1.7 §.28 .6 -
7.3 2.870 0.95 £962 2 il i5.8 .87 35,2 0663
8,50 — .82 1857 T 21.8 2.2 44,5 ———
.50 - 4,71 1893 18 9.8 2.88 5%.8 e
10,90 i.540 §.61 1BER % 17 %5.8 3.48 £3.2 §.080
11,30 e 4,50 igez w2 18 3.3 2.% 7.6 o
12,50 e G.42 e e o 5.7 2.43% 82.9 —
£3.50 - 0.33 87 1B u 0.7 §.91 $i.4 e
14.50 . 8.7% Bk 126 7 i4.8 .39 £40.8 -
13,50 1.760 §. 28 151 S/ 9.1 3.8 110.2 0. 99
20,50 1,050 0.94¢
25,30 1,020 i, 186
53,50 0.440 0,498
54,00

Unsupported *1°Ph souilibrius dopth iz IB.1 ca

Table 7. CIC caleulaled sedigent age 2nd sccusulatlion rabes for the Live Hir | sedisent covs.

Bepth Coauiative Bate  fge  Bediseni sccusulstion rate

{ingupported
229?&
ta ghi e &b ia BG 87Tyt 55yt

4,08 95,29 1984 6

¢.50 §5.83 1979 § 4.9 B.4
.50 45,82 1966 18 4.9 7.4
.50 36.48 195y o £.9 1.9
1.5 19,89 1939 43 4.8 &.3
4,50 11.83 1921 63 £.5 B8
3.50 £.35 {903 ® 5.4 .2
7,50 .87 i8EY 1M 13.1 13.9
£0.50 9.%1 175 B EX 131 i2.4
15,50 4.83 1837 147 3.1 128

991 equilibriue depth = 15.0 ca



4.1.3. Diatoms and pH resconstruction

The diatom assemblage in the lower part of the Llyn Hir sediments (50 cm ~
20 cmb is dominated by Cyclotella kutzingiana, Achnanthes
minutissima, and several Fragilaria species, with moderate percentages
of Melosira perglabra, M.perglabra var. florinesae, Melosira
lirata, Anomoeonels vitrea and & number of emall Navicula species
{Fig. 12). This flora is very simllar to the pre-acidification flora of
Round Loch of Blenhead (Flower & Battarbee 1983}, but the higher percentages
of alkaliphilous taxa, particularly small Fragilaria and Navicula
gpecies yield & higher reconstructed pH (4.1 - 6.9) for Liyn Hir (Table &)
in comparison with Round Loch, The only marked change in the flora during
this period is the gradual increase in  Cyclotella kutzingiana
betwsen 33 cm and 25 cm (approximately 1763~1830}.

Table 8: Blstom-based pH reconstructions for the base of the Livn Hir Core

Depth Index B Index B Multiple
Renberg & Hellberg Balloway Regression
10 &1 4.0 &.1
12 .1 6.0 6.2
i4 6.3 &.t &4
16 6.5 6.4 6.5
18 6.2 b1 &.1
20 b4 6.3 6.4
23 b.3 &.2 &4
30 6.3 4.2 6.5
35 &. 2 b.1 6.3
40 6.3 5.2 6.3
43 5.3 .2 4.5
50 b,3 6.2 b.4

Early in the 19th century percentages of Cyclotella kutzingiana, the
only planktonic tanon in the Llyn Hir sediments, gradually decline, reaching
very low values by the end of the century and remaining low throughout
subsequent lake history. This loss of diatom plankton has been cobserved in
the marly stages of acidification in many 1akes, including most of the
Galloway =ites (Flower et al. in press). A Cyclotella decline occurs
at about the same time in Loch Dee and Loch Bkerrow, situsted partially on
non-granitic bedrock but ccocurs much earlier (ca. 1700 A.D.) at Round Loch
aof GBlenhead, wholly on granites.

pH reconstructions besed on Index B (Table B} do not show a decrease in
lakewater pH associated with the Cyclotella decline. This loss of plankton,
however, may be associated with a marked loss of alkalinity in response to
increased acid loading or alternatively could reflect some other change in
water chemistry.

Beginning early in the 20th cenitury a serles of changes in the diatom flora
suggest a progressive decrease in lake pH. A number of alkaliphilpus taxa

including Fragilaria Dbrevistriata, F.construens  var. venter  and
Navicula seminulum as  well as MNaviecula cf. vitiovsa decline in
percent abundance, while Tabellaria tloccul osa, Navicula

sybtiligsima and Eunotia veneris, taxa characteristic of acidic water,

25
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increase o firast appear . Subassquentiy, fichnanthes minutissima,
Anompeanel s vitrea, Mavicula indifferens, and Navicula ct.
spirata, decresse with concurrent incresses in Frustulias rhomboides
and Nitzachia perpusilia and the appeasrance of the acidobiontie taxon
Tabellaria guadriseptata. & more abrupt change occurs in  the upper few
cm {post 1944 with distinct increases in Tabellaria
auadriseptata, Mavicula subtilismima, Frustulia rhomboldes  var.
garonica, and Cymbells sp. 1 and & decline in Fragilaria virescens
and HNavicula bryophila. These floristic changes are remerkably similar
to those in the uppermost sediments of the Balloway lakes except for the
notable aebsence of Tabellaria bipalis.

HWe are unable to reconstruct gquantitatively these 20th century changes in pH
because of the high relative abundance (15-33%) of undesignated HNavicula
species in the upperanst 8 com of Llyn Hir. These taxa have not been found
in the modern sediments of the Galloway lakes or in large guantity in any of
the other Welsh lakes so far. Conseguently thelr pH tolerances are unknown,
which exrcludes them from the epguations for pH reconstruction. Because these
Navicula taxa represent a large proportion of the total flora, their
edclusion produces a large error in the pH calculations, and hence we cannot
confidently reconstruct pH for these samples. It is quite clear, however,
that Llyn Hir has undergone large pH  changes from ca. 4.1-6.3 in the 17th -
19th centuries to 4.53~-5.1 in the early [980°s. The sharp post-1940
gxpansion of the acidobiontic tana Tabellarisa cuadriseptata and
Mavicula gubtilissims which ococur only in highly acidified lakes,
indicates that the pH decline has been most marked from this date.

4.1.4 Sediment chemistry

Figs. 1X-25 and Appendin D present the whole-core chemistry for the Llyn Hir
core.

Major cetions

Below the dated part of the core (320 cm) the basic sediment cheracteristics
{density, dry weight and loss on ignitiont change little. However,
magnesium, sodium and potassium  increase at 36-37 om depth (Figs. 13-15:,
This suggests some catchment disturbance at this esariy date, possibly an
increase in erosion rate (Machkereth 1966, Engstrom & Wright 1984), The
polien resulte alesp indicate catchment distwbance at this depth {(section
4.1.71.

The magnesium, sodium and potassium concentrations decrease above 10-11 cm.
This may be a chaenge to a3 somewhat lower erosion regime. The soll erosion
period bDetween 10 and 15 om, indicated by the dry weight and loss on
ignition {4.1.1}, =*®Pb €4.1.2) and pollen results {(£4.1.7), is not
reflected in the major catlions.

Calcium profiles are commonly different from the other major ions, as is the
case here (Fig, 164}, Gne feature, the concentration peak at &6-7 com, is
smphasised when the concentrations are expressed per gram wminersls and it
coincides with a loss on ignition peak (Fig. 8'. In dilute waters, natural
organic matter preferentially complewes calcium ions {(Btumm & Morgan [9B1;
pp 443-645, Savies & Mangelsdort 19773, soc it may be that the increase and
decrease of sediment organic matter above 1€ cm increases and decreases the
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caleium sedimentetion efficiency and so produces this sedimentary calcium
featurs.

Trace metals

The majlor cation resulte indicete that in the absence of inputs of trace
metals from the atmosphere the trace metal concentrations might decrease in
the wupper 10 omor so of the sedisent. The lead, zinc and copper
concentrations do, however, increase strongly above 18-12 cm (iBB2 ADY and
indicate contamination of the sedisent (Figs. (B8-20}. The nickel flux from
the atmosphere iz low but the low sediment accumulation rate in Livn Hir
means that this atmospheric flux is not obscured by a higher catchment flux
ag is the case in other lakes. 8o in Llvn Hir, nickel shows a small peab in
concentration at 4~-3 om.

The background trace metal concentrations, below 20 cm depthy (136 ug In
g—t, 23 wug Pbh gt and 23 ug B g™ty  sghow that there is no
mineralization in the catchesent.

In the top § cm, the lead, nickel and zine concentrations elther drop or
stop increasing. This could be the result of a decrease in the atmospheric
fiun of these metals aend with zinc there could aleo be a pH-induced decresss
in net sedimentation efficiency. Thig could be by a lower pH in the water
cplumn  impoverishing sedimenting material in zine and/or relesass from the
sediment after deposition. He have Tound this feature at the top of tuwo
sediment cores in Balloway.

iron and Manganess

The iron snd manganszse concentrations ere falrly constant except at the top
where there is diagenetic resobilisation (Figs. 21 and 22, The manganese
mobilisation extends further into the zediment than with iron and the rise
in concentration of both metals towsrds the sedimsnt surface is roughly
exponential. Both these fgatures sre skpected during anoxic diagenesis.

Sul phur

Thers was not always enough sedisent In the top 10 cem of the core for
zsulphur analysis on all samples, zo the sulphw profils shage iz not well
defined towards the surfacs. Nevertheless, within this limitation, the
zssdimentary sulphur concentrations increasse sbove about 10 om, which is just
a little zbove the depth at which the trace metal concentrations increase.
The depths of peak sulphur and trace metsl concentrations are colncident.

In summary, the zing, lead, copper and sulphur sedimentary profiles indicate
that Llyn Hir has received material from the astmosphere beginning at 1112
cm (18BZ AR . The size of these anthropogenic fluxes are given in Table 9
and the trace metal air fluwes are similar to those measured in two Balloway
lakes which have been scidified by atmospheric deposition.
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Table &, Enhancement of trace metal fluues caused by anthropogenic

activities
Element Background f1lux Mawimum fiux anthropogenic flux
mg M= yr? mg m™= yr TF mg mF yrt
zinc 17 835 &8
lead 3 42 g
copper 2.2 9.3 7.1
sul phur 220 740 520

PAH

s vet the analyses for PAH have not been completed and the results will
follow.

4.1.%. Carbonaceous cenospheres "Soot®

The "soot® pattern for Liyn Hir, itlustrating the number of particies per
gram dry sediment is given in Fig. 26 and Table 10. It shows the presence
of scot  in small numbers at a depth of 283 em. There ig a slight peak at
i7-18 cm. Another increase 13 marked at 7-8 cm, and the onset of a trend of
rapldly increasing counts commences at 4 cm, continuing to the surface.

The pattern for the soot count in terms of the organic content of dry
sediment is gliven in Filg. 27. Soot patterns expressed in terms of the
organic fraction of sediment {using LOI} 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 LOI as 2 base has the
gffect of 'smoothing’ the soot pattern, and this can be observed for Liyn
Hir. Otherwise, the pattern is very similar to that in Fig. 2.

4,1.6. Magnetic Measurements

Magnetic measurements were carried out on two lake sediment cores (Fig. 28)
and on two short cores of peat (Fig. 29 taken from an area of blanket bog
growing within the Llyn Hir catchment. Profiles were measured by R. Callow
as part of an undergraduate honours dissertation {(Callow 1986).

Lake sediment profiles

The profile from the south basin of Llyn Hir (Fig. 28a} is based on samples
from the same core thet has vielded the chronological, geochemical and
pal asvecclogical results from the site. Below 10 cmy smagnetic measurements
are exceptionally low (BIRM 200 x 10-* Am~2 kg™ *}). SIRM/BRM is also
low though rising gently above 22 com. The reverse field '§° ratios each
vary within rather narrow limits and with few significant trends over more
than 2-3 samples. These results point to an exceptionally low and
relatively constant flux of catchment derived magnetic minerals to the
sediment.

Above B~10 cm SIRM values rige at first rather gently up to 3 cm, and then

more suddenly to peask  values. Loincident with the intermediate values
arcund 4~7 cm there is a peak in SIRM/ARM values together with distinctive
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Table 10: "Soot” Ornalvseis for Hir

bo, Carbonaceocus
Cenospheres

Depth per g per g
dry sed organic

fomd ® 10 content
¥ 107
01 26,12  &7.7
i-2 28,77 60.%
2-3 10,05 28.1
3I-4 i0.04 23.1
-5 4.9 10.9
Gt 5.5¢ B.7
&7 - -
78 1.72 .9
g5-9 ¢.83 2.1
F-10 0. 45 1.2
i0-11 3. 30 0.9
11-12 3. 40 1.3
12~13 .06 0.2
13-14 G. 14 0,48
14-1% 0,04 0.1
18-14& 0.2% 0.7
146-17 G.08 0.2
17~18 6,82 2.3
i8-19 0,52 1.5
1920 0. 24 0.7
2021 0.2% 6,7
2i-22 0,59 1.2
2223 0.28 9.8
2425 (.36 1.0
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veriations in 8" (IRM/BIRM) involving peasks of herdness, especially in
IAM-scomy/8IRM. GIRHM/ARM peaks again st the surfece and the reverse field
ratios decling to low values.

The profile from the north basin (Fig. Z8b hag higher and omore variable
SIRM values below the near-surface increase. The peak values around 20cm
are  associated with higher  BIRM/ORM  and relatively hard resanence,
suggesting the relatively greater ilmportance of s hasmatite component in the
catcheent derived sagnetic minerals. fbove ca. 7 em, the changes in SIRM,
SIRM/ARM and 'S5 parallel very closely those sbove 8 cm in the north basin
core and correlation may be propossd as follows (Table i1,

Taeble 11, Magnetic correlations between Hir [ and Hir 111 sediment cores

South {om) Morth {cm}
¢ i
1.5 =3
4.3 By
7.5 a8

The peak SIRM/ARM wvaluss which mark the surface sasple in the north basin
core are absent from that in the south basin. The possibility that the most
recent sediment is siseing in that core cannot be sxcluded.

fccording  to the chronology calculated from **°Ph  analvses on the south
basin core, these parallsgl changes in the top centismetre or less of sach
core begin around the first decade of this century. The softening of the
reverse fTield ratios and final SIRM rise fto peak valuess in the top 2 cm
beginsg around 1950 AD. These retent changes arg tentatively interpreted
below in the light of the dabts from the tuwe peat profllies.

Feat profiles

Both profiles (Figs. 2% & 29 show minisum values at the very base (40
107 fam= T R fbove  this, stightly increasad values  are
sccompanied by higher SIRM/ARM and harder '8 ratios, between 22-28 om in
the ‘'Poul’ gprofile and 24~28 cm in the 'Humsock'. Sbhove this, in  the
hummock, BIRM values remain rather low, then rise gently to & point of steep
increase at il em. This feature ctolnciges with an  incresse in SIRM/ARM
which pesks, along with BIRM in the top 4 cm. The same general fealbures ars
present in the pool profile though the inflexion in the rising SIRM values
is less marked. Unce nore S5IRM/ARM peaks in the topmost samples. In each
profile there ig at leasst one sample meriked by guite high SIRM and very soft
‘%Y values (B-%? cem in the hummock, snd 4-6 cm in the pooi) .

in view of the large volume of unpublishsd date from upland peat sites
throughout most of northwest England, the meior festures above 28 om in both
neat orofiles can be interpreted ss the offects of the deposition from the
atmosphers of particles resulting from industrial processes such as
fpegil {largely selid) fusl combustion, iron and steel manufacture and
non—ferrous metal smeliting. Hites in nporthern England and southweat
Seotland for which direct chronologies are available suggest that the phase
up o 11 om in the humnock and ca. 10 cm in the pogl dates from the 19th and
firat hal? of the ZO0th centwy. The characteristic stesp rize to psmak SIRHM
and SIRM/ARM values at thet depth has been dated to around 1930 AD at thess
sites. The zingle samples with sucepltionally soft "8° values are comparabls
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to those elsewhers affected by in  sity burning, slthough the documentary
evidence does not appear to support this.

iLake-Peat conparisons

Clearly there i8 a marked parallelism between the magnetic measurements from
the top B cm of the lake sediment profiles and those from the top 28 cm of
the blanket peat. Despite the much more rapid accumulation rate in  the
peats, an apparently similar seguence of changes is recorded in all the
cores. Such chronological evidence as is available - direct for lake
gsediments, but indirect only for the peats -~ is compatible with the
hypothesis that these changes are synchronous between profiles. This
prompts the inference that in the case of the lake, and especially the north
pasin, the flux of catchment derived magnetic minerals is so low that the
Z20th  century record is dominated by atmospherically derived deposition
reflecting the industrial history of arpes quite remote from the site.
Despite the parallelz and the strong circumstantial evidence, this
hypothesis reqguires more direct confirmation through examination of magnetic
extractes from the recent lake sediments by means of Scanning Electron
Microscopy. Thiz alliows unambiguous identification of the industrially
derived component in the magnetic record.

4.1.7. pollen

Figs. Sﬁ and 31 present summpary pollen diagrams of the Llvn Hir core.
fAppendix E contalns the full pollen diagram.

The tree pollen diagram from Llyn Hir shows remarkably littie change over
the couwrse of the core. The pine rise from 15-20 cm towards the top is the
only major change. This rime reflects initially the ad hoco
reatforestation of some of upland central Wales (Malkin 1807} followed by an
arcelerated programme of afforestation with pine, primarily leodgepole pine,
{(Pinus contortal by the Forestry Commission from the early 1940°s
onwards. The rise is in direct agreement with the available #*°Pb dating
af the core, Host of the record of Fagus pollen appears to be derived
from hedgerows rather than mature woodland stands, for Fagus is the
dominant component of hedgerows in the area.

Catchment derived pollen changes throughout the core are limited and agrse
well with the overall lack of change identified by the current land-~use
aurvey. Throughout the core, however, three phasse of disturbance can be
identified. Two of these correlate well with digtuwrbances indicated by the
zroph gnd  core cheslstry data. Within the dated portion of the core, 025
cm, a peak of the pastorsl indicator, Plantago lanceslata is correlated
with a dislocation of the ¥*°Ph profile, a phase of increased sediment
accumulation rate and a decline in values of [scetes pollen, a combinastion
consistent with a phase of soil esrosion.

fn earlier phase of disturbsance, below the dated portion of the core; is
alsp indicated by a second peak in the pastoral indicator, Plantago
lancecliata, beginning at 40 cm while values of the aguatic macrophyte
Iggetes decline merkedlv. This feature iz also picked up by the whole
core chemistry with enhanced values of sodium, potassium and magnesium. The
combination of these svents is again consistent with a phase of disturbance
including soil eromion which increased the turbidity of the lake, thereby,

40



Rtapabinand

BAIDBHLGSUEDNBGS e

i;]g]]si]gglglliglilgl%

[

Ll

B
-
»

o
EHZABRLABREABGB e

® ® ® B 6@

By
és?' ¥ o
& & .§$
> &
& & F &
g % ————
-l +
o +
- 2
&
L 3
3 4
+
- —
%
% E)
N * —
k3
e 4 frmoceomrommarom,
i +
e +
Freoeneeren P T TP TR O T ST TR ¥ T ket &
g 1@ & B8 & 1 B/ ¥ 4L B L & 8 W B ¢4 18 ™ B

KN

Fig. 30. Summary pollen diagram for the Liyn Hir | core. Trees expressed as a percentage of the Arboreal polien.

P

All other groupings as a percentage of the Arboreal pollen plus peatiand ingicators,

& f

. s  § ] g
% e 4 -
L3 — ) —— — —
4 — b e s —
4 S - O T TN
R ot Ll i S e oz prommomaony v,
£ - %  —— S—. S— -
3 - 4 —— e e, b e
" . o+ - e -
4 — + perr — -

o e L % - -

L3 b 4+ prm ho frece

+ — k3 - — =

+ bsuon % o - -

. §¢ e o -

- Lo la - oo -
] franrin i1 - S -

. v b T e L prareeTrIey e T
a % 4 A [1: 2| 18 4 19 o B Nt I B = B 1 1] 8 [E- T

18



v

&
& @ﬁ @0& ae &)* o &
& > f
B @ e s S & & (9 &
s = - - T s = Semm————— i - ;: pe
18 - e - S —— M N s H W—
1% ny - » e - L . -

— e - brercemcosonemeeenes % + e 4 ——
ma . - I ¢ I—— - + SO
25 2 d =~ o ————." * o & T —
28 b % 3 b ncesmersmemn e 4 ¢ - 2 S
£ " - + r -

a— o b e o tn bttt b L] e
44 orcoe + b S o e b kS it
43 4 e - st e 3 @ ® —
G e - - e — % - + —

S8 4 o Jrmrom s AT 2 + pro L N

- L - % - o ¢ —
Lk TN ® - + I b % b —

&3 e il ™ 4 i e i e o & 4 bomemce
8 + - ' - ¢ —
sE . S =
T i T T T T Jrevterneg T T ¥ ¥ i T T 3 .
8 % @ ® % § i 3 @ 2w W 48 58 & 18 ® B & 18 ® W 4 58 & @4 @ M & 18 § & 8 1B

Fig. 31. Summary pollen diagram for the Liyn Hir | core. All taxa expressed as a percentage of the Arboreal polien plus
peatland indicators.



adversely affscting the lspetes populations. A further peak of Plantege
lanceclata at 80 cm doss not appesr to hsave resulted in a phase of soil
erosion as values of sodium, magnesium end potassium remain low and the
Isoetes pollen record remains high.

4,2 Land-uge and Management (47}

4,2.1 Land—use

At over 400 m and on acidic soils, the Llyn Hir catchment consists of
unimproved, unenclosed moorland utilized for rough grazing. In terms of
vegetational composition {(see Section 2.3.3) it may be categorised as
‘grassy heath’ {(eg. King 1977, Ball et al. 1982},

There is no evidence to associate the original deforestation of the
catchment with the well documented clearance of woodland ordered by Edward
I after the Welsh rebellion at the end of the 13th century (5}. HMoore and
Chater (1949} consider this to have been a lowland and foothill clearance.
1t is probable that land at the slevation of Livn Hir had been open moorland
for a far longer period.

In terms of the ADAE {4} tLand Capability Classification the catchment
comprises land of category HE - “improvements generally severely limited but
of moderate or high grazing value’ (MAFF 1980:.

The frontiers of cultivation and improved pasture reached their upper limit
in Cardiganshire during the agricultural boom of the Nspoleonic wars. The
rise in rents on the Crosswood and Nanteos Estates (the holders of grazing
rights over the Llyn Hir catchment at this time! bears witness to such
expanzion locally {(Colver 19746). However, there is no evidence from
documentary sources f{(gee below), from air photographs or on the ground {of
relict enclosures, drainage or cultivation features) to suggest that the
catchment has ever supported a land use olther than rough moorland grarzing.

It ie uniikely that any attempt was made to ijmprove the acid moorland
soils with lime. There was no limestone in Cardiganshire, and furthermore
the high cost of lime in the early 19th century {(Davies 1813}, together with
the cost of carrliage over bad roads, deterred farmers from utilising lime on
the home farm, let alons on the remoter hills {cf. Rees 1813, Howell 1944)
{7}. Contemporary farmers {eg. H. Owen and W. Uwen pers. comms.) and
authorities {eg. K. Davies and €. Evans pers. comes.) confire that
agricultural lime has not been applied to the catchment in living memory.

Documentary evidence {8}

In the 16th century Leland described the Telfi pools as  ‘gloomy lliyns®
situated high up among ‘dreary morasses and msountain solitudes’ surrounded
by ‘niothing but wilderness’ (Ward 1921}, Descriptions of the vicinity of
Liyn Hir from 19th and 20th century travellogues suggest a landscape free
from the improving effects of Man {eg. 'a desolate scene’ =~ Malkin 1BO7;
‘naked, lofty uplands, desclate in the extreme’ ~ Ciiffe 18460,

The catchment lieg within the parishes of Upper Bwnnws and Caron-Uwch-Cladd

(Fig, 32)}. The tithe mapse and schedules of the parighes of Caron
(Caron-leg-Clawdd and Caron-Uwch-Clawdd cosbined) (9} and BGunnws (Upper
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Sunnws and Lower Jwnnws combined) {10} indicate that in the mid 1%th century
the catchment comprised shespwalke associated with farms belonging to the
Nanteos {(Powell) and Erosswood {Lisburne) Estates (Fig. 325,

An 1813 wvaluabtion of the Nenteos estate (117 described Firongoch (the farm
asasociated with land in the west of the cabtchment - Fig. 32 as a2 'wild,
high place, all wnenclosed’.

The Tirst edition six  inch Drdnance Survey map  isurveyed 1886 and
subgseauent editions {12} of the area, show the catchment to consist of
‘rough or heathy pasturse’.

The First Land Utilisation Survey six inch manuscript map of 1934 {133
provides no detall of the iemedliate lake catchaent, but adjacent areas to
the north are described s “hent fescue with some Molindla and MNardus,
uged as sheep grazing'.

The Second Land Utilisstion Survey siy inch manuscript map of 1970 {14}
indicates a vegetational cover identical to the contemporary situation, with
Mardus and Festuce on the drier around and Eriophorum vaginatus
dominating the wetter areas {(Fig. 7.

fnalysis of primery data {18}, from which the Countryside Cosmission’'s
Mid-Wales Upland Btudy {(Parry and Binclale 1985) was compiied, confirms that
the Liyn Hir catchment hae remained consistently within the ‘moorland core’
of unimproved rough pasture since 1948,

Mon—agricultural lasnd use

Glthough it lies in the broad vicinity of the north Cardiganshire lead
mining region, there is no evidence from documentary sources or on the
ground, to suggest that any mineral wag sver sined or prospected for within
the lake catchment, ‘Esgair y Mwyn' lead mine to ths north-west of Llyn
Teify was probably the closest mine to the catchment (1463,

4.Z2.2 Land managesment

Pastoralism

For much of the 18th and 19th centuries Welsh black cattle were an important
part of the pastoral economy of Cardiganshire (eg, Defoe 1733, Davies 1934).
Although some moorland ereas were grared by cattle, it seems probable that
the Liyn Hir catchment was too high and remote to have been grazed by other
than transient herds {(see beliow!. Evidence concerpning Tynddeole Sheepwallk (to
the west of the Llyn Hir catchment)! suggests that cattle grazed the 1lower
land adjacent to the Tare in summer, whilst sheep dominated the higher
siaopes {173,

It is possible that wuntil their decline after c.173¢ (Condry 1981}, goats
would have roamed the vicinity of the Llyn Hir catchment (cf Leland 1836 in
Toulmin 8mith 1904). It is known that numbers of ponies were grazed in the
area in summer montha well into the 20th century (L. Evans, H. Owen pers.
COmmS. }.

The central issue of land menagement in the catchment concerns its



utilimation for shemp grazing., Thie practice dates to at least the late 12th
century when the Cistercians of Btrate Fleorida acquired the area and used it
as reangeland for their flocks {(Bowsn 1930, Jonesz Plerce 19501,

In the 15308 Leland described how the land in the vicinity of Llyn Hir was
treated as common grazing - ‘everyman theresbouts puiting hig beasts upon it
without paying money’ (Toulmin Saith 1906).

Part of the Liyn Hir cetchment comprised shespwalk of the Crosawood Estate.
In 1814 tha Estete's shsepwaiks were surveyed and considersd of “good
quality, good and heelthy for sheep’ bub "1ll stocked and managed’™ {18},
Howaver, in (837 witnesses atfirmed the practice of the Crosswood Estate of
strictly preserving its grezing rights, keeping unauthorised grariers and
even those with common rights off ite sheepwalks {19}, By 1885 the Crosswood
Estate had consolidated and enlarged ite grazing area, obtaining in the
process grazing rights throeghout the Liyn Hir catchment {203,

Until the rallway opened up mid Wales in the 18608, sheep and cattle were
driven to the markets and fattening pastures of England along drove roads
{Bkeel 1924, Davies 1934, 1936). These routes cut across country, avoiding
tolls and providing as much free grazing along the way as possible (Davies
1924} . One such track passed iamediately to the north of Liyn Hir (Fig. &)
{Condry 1981). Contemporary asccounts (213 describe how the drovers and
dealers grazed their stock along unenclosed sections of this road, thus
imparting a grazing pressure in addition to that of the indigenous flocks.

in the sarly 20th century the old drove route immediately to the north of
Liyn Hir was utilised by shegherds from the Rhayader region of central Wales
to drive their summer flocks to the wintering grounds of the Cardiganshire
coastal plateauy (Davies 1935},

Az the droving trade rapidiy declined from ite peal in 1860 and as the
Crosswopd Estate cbtained complete control and jealously guarded its grazing
rights in the catchsent in the 1B80s, it is probable that the catchment
experienced a less intense and better regulated grazing regime in the last
guarter of the 19th century. It is from this period that quantitative data
relating to sheep numbers are available at the parish level,

Sheep numbersg

Bata relating to sheep numbers were drawn from the annual perish returns of
Caran and Gunnws {22} 2t oulnguennial intervals and are presented in Figure
3%, Between 1B&T-I1910 {(Bwnnws? and 1867-190% (Caron), the data relate to
combined parishes (Caron = Caron-Uwch-Clawdd and Caron-Is-LClawdd; SBuwnnws =
Upper Guwnnwe and Lowsr Bwnnws), HNot until the early  Z20th century is
information epecifically available for Caron-Uwch-Clawdd and Upper Guwnnws,
the two parishes across which the Llyn Hir catchment lies (Fig. 32).
Although they represent the source of information most applicable to the
Liyn Hir catchment, the spatial resolution o©of these data do not permit
ratchment-specific assertions to be drawn and their interpretation is
Rindered 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 1984).

In general, a significant increase in fpgtal sheep numbers (Upper Bwnnws,
Bwnnws combined, Caron combined) or no overall trend towards an incrsase or
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deciine (Caron-Uwch-Clawdd) is discernible from Figure 33 {23}, Furthermors,
the increasing significance of eswes and lambs at the expense of wether sheep
over the last century {(¢f. Patrick 1986), is suggested from the trends in
Figure X3,

Within the Llyn Hir catchment 2 brosd increase in sheep numbers has been
recognised (R, Davies, L. Evansg, 6. dones, H. Owen, W. Owen pers. comms}.
Estimates of the extent of this increase vary between two-fold since ca.
§930 (W, Owen pers. comma.! to thres-fold since ca. 19483 (L. Evans pers,
COmis. ).

fAlso apparent over thig timse scale hasg been a change in grazing regimes. The
transition from hardy wethers to ewes and lambs, the declining viability and
sventual abandonment of the highest farms and the greater availability and
improved guality of winter grazing on lower lands, hag possibly resulted in
fewer sheep over-wintering on the higher hills and a shortening of the
grazing season at these sltitudes {(Patrick 1986) (24},

Manipulation ol data relating to sheep numbers (Fig. 323) and area of rough
grazing from the parish statistics, allow the calculation of a very crude
trend of changing stocking rates on unimproved land in the Liyn Hir locality
(Fig. 34). These trends are not catchment-specific and they assume that all
sheap are turned on to the hills {not an upreasonable assumption in  the
summer . Furthermore, they take no account of the changing impact on grazing
intensities consequent upon the replacement of larger wethers by ewes and
lambs. However, they do suggest that as the area of rough grazing has
declined (primarily  through afforestation - there has been little
improvement of grassland in the parishes concerned) and the numbers of sheep
have risen, then the potential stecking density of sheep on the land
gsurrounding Liyn Hir may have significantly increased through the 20th
century {at least in summer monthsl.

The cloae cropped Nerdus/Festuca grassland indicates that the catchment
supports a significant sheep population today. The evidence above suggests
that this is not a recent phenomenon.

Liyn Hir lies within the Cwm Yestwyth 8S8E61. In terms of land management the
NECC act in a consultative and advisory capacity, but there is no evidence to
sugagest that contesporary sanagement practices have been significantly
altered as a result.

Burning

Management of grassiand by burning has not been a regular feature in the
catchment within living memory (R. Davies, C. Evans, H. Owen, W. Owen, K.
Stokes pers. comms. . Alr photographs flown in 19446 and 1947 {28} show no
evidaence of hurnt patches. The proximity of the extensive Towy forest to the
south has made grassland fires an inappropriate and rarely sanctioned method
of land management in the arsza since the early 1960s.

Subsidiary manadgement practices

Despite their reputation as sporting estates through the 19th and early 20th
centuries, there is no evidence to suggest that the Crosswood ar Nanteos
estates actively managed the high land in the vicinity of Liyn Hir for game,
The keeper maintained at Pen-Llyn in summer was responsible solely for
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presarving the fishing of the Teify Pobls, his role a3 gemekeeper was

realised in winter on the lower lands, particularly on Tregaron bog (Cors
Bochl.

In the 19th century turbaries were established by right or default on the
peat areas adjacent to the Llyn Hir catchment {26}, These peat cuttings may
still be cobserved. However, there is no evidence of such excavation on  the
{limited) peat within the catchment.
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5.0 Conclusions

i} The ='*°Pb (Chronology reveals that the sediment accumulation rate in
Liyn Hir bas been gxiremely 51 ow ca. & mg gmTE yroh, 0.7
mm omTF yro ) throughout the dated part of the core. A perisd of
disturbance is revesled by a disipcation of the ='"Ph profile between
16.3cm and 13.%cm dated to  between 1873 and 1910, correlating with a
peak in disturbance indicators in the pollen record. However, this does not
appaar to be reflected in the core chemistry record.

ii) The diatom flora shows major changes beginning at 25 com  {early 19th
century  associated with the lgse of the circumneutral planktonic
Cyclotella flora, and subsequently the replacement of alkaliphilous taxa
by acidophilous and eventually acidobiontic taxa such as Tabellaria
guadriseptata. A clear acidification of Liyn Hir has occurred over the
last 120 vyearsa, with a distinct accelsration beginning in the early
i940‘'s, similer to the acidification previously described in Galloway.

iit?! The core chemistry record demonstrates that trace metal contamination
of the lake sediments began at 11 cm (1880 s} and parallels the
acidification recorded by the diatoms. The record alao suggests a period of
spil erosion {40 cm~35 cm) before the dated part of the core {(pre-1800) which
ig associated with distwbance indicators in the pollen record.

iv} The concentration of carbonacecus cenospheres  from fossil  fuel
combustion incresses rapidly from the early 1500°'s to the present. A
gimilar trend is shown by the magnetic data.

V) The pellen diagram reveals three significant disturbance events
characterissd by peaks in  the pastoral indicator Plantago lanceolata
and 1is assocciated in the top two with reductions in the spore record from
the aguatic fern lIgpetes. The topmost event 1s marked by an increase in
sgdiment accumulation rate while the lower one is also marked in the core

chemistry record. 1t is possible that the lower disturbance event also
involved an increase in the accumulation rate but lack of dating prevents
any conclusion. An eerlier phase of disturbance characterised by an

earlier peak of Plantaco dows not appesr to have been recorded in any of
the oiher core variables.

viil} No appreciable land use change has ococuwrred within the catchment
since the introducticn of sheep by the Cisterclan monastery. While sheep
numbers have increaser in the area in reocent years the documentary evidence
is pot precise enough to assess whether the catchment has experienced a
gignificant increesse ir grazing pressurs. No liming has faken place within
the catchment and burning has not been z significant management practice.

viii} The acidification vcannot be accounted for by land use changes.
Instead, all the data indicate acid deposition as the rcause of
acidification. The timing of the changes and trends of the atmospheric
pollution indicaters (trace metals, magnetics, cenospheres), indicating
local deposition of atmospheric pollutants, are consistent with this view.

ix} Liyn Hir is the first Helsh site where recent lake acidification has
been clearly demonstrated.
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8.0 Notes

1. €. an ‘historical’ article in the Cardiganshire and Tivyside Advertiser
of fuogust Fth 1918,

2. The keeper, who wae responsible for watching a1l the Teify Pools, resided
in a cottage ("Pen~Llyn’'} on the shore of Llyn Hir (zee Figure &), which
evidence from the Tirst two Ordnance Burvey six inch editions, sugogests was
built between 1886 (First Edition suwrveyl and 1504 (Second Edition surveyl.
Apart from the keeper, overnight accommodation was available for Lord
Lisburne and/or his fishing guests. The lake shore huildings were occupled
by the army during the Second World War and fell inte disrepair {(Tregaron
ROC file no. SRD/1/466 -~ Cardiganshire Record Officel. However; they were
patched up and 2 keeper 's presgnce was maintained until the late 1950s

3. The hAssociation relinguished these rights in 1986 owing to the demisze of
the fishery.

4. See Patrick (1984) for definitions of ‘land use’ and "land management .

5. This clearance was described by Leland in 1336, He further described how
grazing by goats prevented the regeneration of woodland  (Toulmin-Smith
1904,

. RDAS ~ Agricultural Development Advisory Service (MAFFD,

7. A valuation of the Crosswond Estate in 1814 (MW, Crosswood I 1223, Il
660} suggested that no lime was used anywhere o the estate.

8. See Pabrick (1986} with regards to sources {and their interpretation)
used in documenting land use and land management change.

¥, Tithe map and schedule for the parish of Caron 1842. PRO Kew, IRIGO 46/10
map D.

10, Tithe map and schedule for the parish of Bwnnws  1B45. PRO Kew IR3O
4k /22,

1. MLW, Nanteos Estate Papers., unreferenced.
12, First edition surveyed 1887 published 1891,

Second edition suwveyed 1904 published 1904,
Provisional edition ammended 1948 published 1933,

1%, Held at London Schonl of Economics archive.

14, Held at King's Lollege London Geography Department, sheet ng., IBG.

185, 1:25,000 land use maps and computer files containing data on land use
change, held at the Countryside Commission in Newtown, Powys.

16. This mine was discovered in 1752, but flouwrished for only 2 few yvears
(Davies 1B1H).



i7. NLW, Crosswood [ 1721 ‘Depositions by different persons touching the
Tynddole sheepwalk in the parish of Gwnnws belonging to the Earl of Lishurne
and disputed by the Orown'. ca. 1857

18. NLW, Crosswood I 1233y 11 440, "Valuation of the Crosswood Estate by
John Murry . May 1814,

i9. Gee note §.

2G. See sg. NLW, Crosswond I 1988 (undatedyy 1 2016 {(c.1B870C)y I 2094 (1884},
IT 1438 (undated!.

21. See note 1.
22, PRO Kew, class MAF 48,

23, Betwesn 193531-1981 these trends are compatible with the broader regional
trend in sheep numbers for this part of mid Wales (Parry and Sinclair 19850,

24. These trends may currently be reversing as the use of winter feed bloche
and silage bags becomes increasingly prevalent in the Llyn Hir area.

25. fir Photograph Office, Weleh Office, Cardiff. Bix inch series nos.
S32/3215,  S32/3218, S532/3217  (December 4th 1944). 119870 series nos.
&ET/2017, 667/2018 (May ZBth 1947},

26. See note 1.
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Appendices



fppendiy A. Bi-weekly lake water chesletry results for Liyn Rir before and after liming

{Courtesy of A
Bate ph Conductivity fotal Total Free Total Chicride
Oxidiged Hardness Larbon dioxide  Alkalinity
Kitrogea
20°C ug ¢a™! gy 17* ag 1™* gg 1°* ag 17t sy 17t
21111783 4.9 Y] 0.1 5.9 3.0 f.1 1.6
INSYH M 4.7 4 0.4 3.4 1.8 0.4 8.0
19701784 §.8 43 0.1 3.6 2.4 6.4 7.0
(2:02/84 4.8 42 6.1 &1 3.3 1.0 1.8
t47e3/84 £53 &4 0.1 4.3 1.8 - 7.6
Je/03784 8.7 i 8,2 2.3 3.8 0.7 7.9
17704784 4.7 LK 4.1 3.8 - - 7.6
3nre4i84 4.8 44 0.2 - - - 8.0
15/0%/84 §.7 48 8.2 4.8 L7 0.3 7.9
31705784 4.7 ig .2 417 - - 8.9
(6/06/84 &b 48 4.1 3.3 6.2 #.4 8.0
26706784 §.8 45 g.t 3.3 - - 1.0
§9/07/85 §.7 45 g.1 3.1 - - 8.0
1967784 4.7 & 6.1 3.3 1.8 G.8 g.8
03/68/84 4.9 43 0.1 5.4 - - 8.9
- losearad 4.9 &5 8.1 3.6 - - 8.8
57169184 3.0 4 g.3 3.0 b1 1.4 8.8
61/16/04 3.9 43 0.4 5.4 5.9 fot 8.0
13/10/84 Sl 4 6.1 5.3 3.8 1.2 7.0
167527488 4.8 12 .1 §.4 3.6 0.7 7.4
78/01/83 4.8 42 0.1 3.5 3.8 8.9 1.8
11/03/83 £.9 7 0.2 §.2 1.8 1.0 b.6
10704785 6.7 43 8.2 1.9 1. 6.0 6.6
30764183 6.7 44 6.8 .7 1.9 6.9 7.4
F2/05/85 6.7 44 8.2 9.7 2.4 5.8 7.0
11706783 7.0 i 8.2 5.8 2.5 6.3 7.0
21106785 bob 43 6.2 0.6 i.8 5.3 6.0
0&/07/85 4.5 LH 0.2 8.7 Z.1 5.9 6.0
18/07/85 5.3 40 0.1 - - - 6.0
01/08/83 b3 38 4.1 8.7 - ~ 3.0
13/08/8% b.4 3 8.1 1.6 - - 5.0
03/05/83 4.7 35 6.2 8.3 1.8 5.9 7.0
19/09/83 6.2 18 .1 8.2 3.0 4.3 6.0
03716785 b4 h3 0.1 T.b 1.5 3.9 6.0
67711783 b8 39 0.1 1.7 3.3 3.4 9.0
FAYARTE: N b.1 7 G.4 7.4 2.2 37 5.4
08712/83 b.0 3 4.t 7.4 2.3 3.2 5.0
18/12/85 &.8 4 6.1 0.1 2.9 1.1 7.0
14763186 k.1 i 4.2 9.4 2.4 5.4 6.9
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Data {rthonhosphate  Dicuolved Disssived Hlusoived Biagolved Biwgnivad Bleselved

Bilica Bulghate Sodiue Potasstus Calrium Tinc
g 1%

VATAR TS .02 0.2 3.3 §.0 6.30 1,20 0.61%
13712783 0.69 6.3 .0 4.0 0.40 .00 0.016
19761794 .42 8.4 3.5 3.9 6.27 L9 0.013
82007184 4,02 0.4 5.0 3.9 0,26 0.99 6,019
14105188 6.02 8.3 5.0 3. b6 0.3 G.80 6.013
I0/03/84 0.0z 0.3 5.0 237 0.18 .50 0,620
17704784 0.02 8.2 5.9 304 0.24 .48 0.022
36704164 0.02 0.2 .0 £.03 .52 0.94 0.019
15/0%/84 6.2 6.2 5.0 3.99 6.3% 0.94 0.028
31/0%/08 .02 0.2 3.3 3.38 0.34 0.71 0.031
0b/06/B8 §.02 6.2 6.0 §.19 0.45 6.99 4.020
26106784 0.62 6.7 3.0 §.19 4,43 9,98 0.021
0%/07/84 .62 6.7 5.0 .34 6.26 6.88 6.017
18/07/84 .07 0.2 5.5 3.97 0.22 0.99 0,023
§1/08/84 6.02 8.2 8.0 £.02 6,25 1.64 4,009
10/08/84 .02 6.2 3.6 .48 .23 1.10 0.024
07769784 .02 6.2 1.0 4,41 .18 0.85 0.018
51/10/84 .02 4.2 6,3 4,33 6. 26 i1t §.016
19/10/84 6.02 9.2 5.0 3.91 0. 38 4.98 0.623
16712/84 .02 0.3 5.1 3.74 6,23 .86 0.019
20704783 0.02 6.8 5.2 4,20 6.49 1.8 4,033
11/03/8% 0.07 0.5 5.7 §.30 G .86 0.026
10/04/83 4,02 6.3 5.2 3.12 G.17 2.33 g.017
36/0418% .02 ¢.2 i3 3,42 9,25 3.07 9.007
22/05/63 .92 0.2 5.0 3.56 0.36 2.9 0.006
§1/06/85 0.02 0.2 4.9 3.43 0.28 3.08 ¢.002
211056185 6,02 4.2 4.7 364 .19 3.0 9,008
04707785 0.02 0.2 .5 3.4 5.18 2.84 9.013
18/07/83 4,02 6.7 - - - - -

gi/08/83 0.02 0.2 §.4 3.48 4,23 2.6b 0. 006
15/08/85 0.02 8,2 4.0 3,04 §.28 2,38 0.009
05705783 §.92 .2 L3 3.66 §.23 2.5 0.011
19/0%/89 .02 0.2 4.7 333 4.7 2.44 0,042
43/10/83 0.02 0.2 3.6 3.0 0,18 2,38 4,008
87/11/8% .02 0.2 3.8 - - 2.724 6,012
24711783 .02 8.7 L7 3.10 §.21 1,54 .007
03/12/8% 8,02 §.2 3.7 330 6.1% 2.80 §.01t
18/12/8% .62 6.7 £.4 3.20 .19 370 0013
14703406 0.62 6.4 L2 3.20 0.34 2.3 8,610
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flate Hasnlved Biggolved Pesolved Bigsnlved Hissolved Bissolved Dissolved

Copper Ladeius Alusinive Lead Ehrosius #anganess Iron
{ag 1%}

28431/83 - 0.6004 .09 4,002 == G.148 6. 050
13742/83 - 00004 0.4% §.042 - §.117 {.043
i9/01784 - 0. 0004 0.08 4,962 - 6.16t 0.046
97/02/84 - §.0004 8.0% 6,007 - 8,102 0,063
14703784 - 4. 0008 0.10 6.002 - g.141 6.032
I/63784 - §,0008 0.433 6,005 - 0.087 0.022
YFIGA784 - §.0008 §.100 0.008 0. 061 ¢.090 0.085
36/04/84 §.003 0.0008 6.0 4,003 0. 001 6,182 0.070
1%/05/88 0,001 4.0008 4.087 0,008 0.601 g.17% 0.028
31765784 8.001 G.0008 I RY 4. 003 4.001 0.198 §.017
04/06/84 4.001 06008 0. 051 0. 509 0,008 §.191 8.039
2h/06/84 ¢.001 §.0008 0. 044 §.00% ¢.001 f.183 0.032
0970784 .00t 0.0608 0.679 4,003 6.001 §.238 0.040
1g/o7/04 4,004 4.0008 6.070 6913 . 061 0,167 0.0%1
03/08/88 6. 001 4. 0008 . 084 4,003 g.001 0. 200 6,065
f0/08/84 6.901 §.0008 §.064 6.004 6,501 0,148 8,060
§7/09/84 4.601 . 56008 §.093 §.006 4.081 0.248 0.094
&1/10/04 8,002 40010 ¢.870 §.813 4.603 g.241 6.671
19716784 0,801 §.0008 G.07% 4,621 4.001 0.248 4.0%0
10752784 0.002 6.0010 g. 1 6.006 - G.149 ¢.090
28701783 .007 ¢. 0010 0.11% 6.615 0.602 9,141 6,168
1E/03/65 4,007 6.0010 6,143 4.003 4.603 6,130 0,086
18704/63 6.002 §. 004 0,138 6.00% 6,002 .69 6,047
30/04/8% 8.602 4.061 0.067 4. 005 0.063 0.024 0.038
2210%/83 6,002 §.00% 0,060 0,003 §.063 0.62% 0.025
15/06/83 $.002 5,008 0. 040 0.003 . 063 8,031 g.110
210483 4,003 8.001 §.080 . 0058 0.003 6.019 8.072
04707783 4,002 4.061 4.034 3. 005 4,003 0.61% 9.092
18/07/85% - e - - - = -
81/08/83 0.002 ¢.061 6.047 §.002 6.063 g.010 4,090
15708788 0.062 4,001 §.054 6. 002 4.003 0,010 0.115
45/09/8% 0,802 4.06t 6.0%0 8.002 0.0083 0.017 G, 149
19/0%/63 0.063 .01 .04 §.002 $.003 0,001 0.134
03716783 0.002 4,001 0.062 6.002 0.063 0.011 6,134
67715785 8.402 6.008 0.055 8.002 0.003 6.00% . 108
21/84/83 0.002 @, 001 4. 058 8,003 4.00% 0.00% 6,093
B5/12/85 0.602 4,001 ., 054 §.002 6.003 §.005 .089
1812785 0,007 0.001 0.034 4,002 0.003 6.004 0.081
14703785 8.062 4. 601 . 056 §.006 6,963 8.010 §.050



bBate Biganlved Huaic

Hickel acid

ag ' gy I7?
28781483 - -
i3/12/83 - -
i9/01/84 - “
G2762/84 - -
14403/84 - -
3os03/84 - -
17/04/84 0,001 0.2
30/04/84 0.08¢ 8.7
§13/05/04 4,001 G4
BiLinTE ] 0,001 6.3
06/G6/84 f. 401 6.3
26/06/88 a.901 9.3
09707484 0,001 0.3
18/07/84 6.003 0.3
(3/68/84 6,008 i.0
10/08/84 0.002 0.3
07/0%/84 0.0602 0.6
gi714/84 ¢, 003 f.d
13/10/84 .00 i.4
10712784 - 1.4
2B/G1/83 6.003 f.4
11103785 6.003 .2
16/04/83 0.063 1.7
3oip4s83 0,003 1.7
22105783 8.003 £.3
11704785 8.003 i.4
21/66/83 9,012 1.3
04707783 4,063 1.8
18707785 - 1.6
01708789 0.003 2.9
15708783 g.003 2.3
93/0%/83 6.003 2.1
19409763 0.003 5.0
03/10/63 9.003 2.1
(7414483 0.663 51
2111785 0.003 2.2
03/12/83 4,003 2.4
18712784 0. 003 2.7
14103786 0.903 .7



Appendiy B.

Invertabrate taxe found at Llyn Hir prior to liging

{Courtesy of HYA!

Log abundance rating

Teiclagida
Polycelis nigra/tenuls
Hollusca
Pisidius up.
Qliigochaats
Maie cossunis/varishiis
Stylaria lacustris
Enchylraedas
tusharius variegatus
Btylodrilus heringlanus

Epheseropters
Leptophieblia vespartina

Flacopters

Heeoura cinerea
fidonzta

Ensilagea cyatherique
hashna grandis
Haglipters

Callicoriza prasusts
Bretocories garsart
Sigara scobtd
Colgapters
Stictotarsus dundecimpustulatus
Hydroparus palestris

Hegqaloptera
Bialis luteria

Trichoptera
Fisctrocnenia COREpRIES
Folyceniropue ¢lavesaculatus
P, kingi
Eyraug flavidus
fgrypnia veria
. oheolets
Liensmephilus rhoshicus
Cinguiatys latipennis
Halesus radiatus
H. digitatus
Bipters
Hacropelopie sp.
Prociadius ep.
fhlabesveia &p.
frctopeiopia =,
Hoterotanytarsus apicalis
Heterotrissocladivs sarridus
Talukschle husphresise
Peectrocladiue psiloptoves
P. lighatellus gp.
. peilopterus
?. octossculatus
?. octossculatus/ Iisbatsllue gp.
P. sordidellus
Chagtociadius

§
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Diptera ctd

Corvnoneura lacustris
€. wcutellaria
Blyptotendipes sp.
Herotendlpes ap.
Hicrotendipes pedellus
Hicrospectra sp,
Tantytarsus sp.

fbundance categories

i= 1 - 10
2a {1 - 100
Iz 101 - f000

Log ahuadance rating
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AUHAAKTHES LanCEOLain
AUHNARTHES LINERRIS

ACHEANTHES LINERRIS ¥ PUSILLA

RLHHANTHES RICRDCEFHALA
ACHEANTHES GESTRUPTE
GCHNANTHES AFFINIG
ACHHANTHES MIHUTISETHA
RUHNANTHES AUSTRIACA
ACHNAHTHES KRYDPHELA
AUHHANTHES HARGIHULATA
ACHHAMTHES DEFRESSS
ACHRANTHES UARRA
ACHHANTHES BETHA
ACHHANTHES LaPIROSA
ACHHAKRTHES LEVANOER]
ACHNAMTHES 5P 1
ACHMANIHES &P

ANPHORA ONALES v SFFINIS

AHOMGEONETS SERIAHS Y BRACHYSIRG

AHORCEDNETS VITREA
ARQHOEONELS CF VITREA
AHOMOENELS 5P
CALOMELS BaCILLbA
CALONETS VENTRICOSA
CYMBELLA VENIRICHSA
CYMBELLA PERPUSILLA
CYMBELLA AERUALES
CYMBELLS CESATII
CYHBELLA HEBRIDICA
CYNBELLA BRACILIS
TYRBELLA GAEUMANNT

CYRBELLA HEFEROPLEURA ¥ KINOR

CYRBELLA HUELLERI

CYMBELLA HIMUTA V PSEUDDGRACILIS

CYRBELLA AHGUETATA
TYKBELLA &P,

COOCONETS BIMENUTA
CYCLOTELLA KuTIinGIana
CYCLOTELLA COREMSIS
DIFLONELS BARGINESERIAZA
EUMOTEA VENERIS

EUNGTTA PECTINALIS
EUNFIEA PECTIHALIS V BIMR
EUNOTTA TENELLA

EUNGTIA LINARTS

EUNGEEA LUNARTS  SUBARCUAER

EURGTIA BIDENTULA

EUNGTIA HONODAN Y HAIGR
EUHOT LA EXTGUA

EUNDFIS FREA

EUHBT A FABA ¥ INTERMEDIA
EUNDTIA REOKROIDES
EUNGTIA ROBUATA

EUNBTER ROBUSTA © DisDTRG
EUHDTIA FLEXUUEA

FUNBTIA [ATREAENSIS
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