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11 Core £tudlES
ffidgnetlcs together
Dyfed, An upland,
Aberystwyth.

of diatoms, pollen, chemistrYt carbonaceous particles and
with a land use study have been conducted at Llyn OOt

oligotrophic la~e situated on the upland plateau east of

lil The 210F'b inventory of the Llyn Synon core is 2.45 times that at Llyn
Hlr and indicatEs possible sediment focussing in Llyn GynoD. A period of
disturbanCE is revealed by a dislocation of thE 2.oPb profile betwEen 9.75
cm and 11.75 cm dated to around 1930, correlating with a peal: in calcium
in the core chemistry retord.

lli} The diatom based pH reconstructions suggest that the pH of Llyn Gynon
was 5.9 6.2 throughout most of the history recorded in the core.
Plan~tonic diatoms were absent from the lake and the data suggest a f~irly

stable flora of attached circumneutral and acidophilou5 tal:a, Acidification
of Llyn Gynon, marked by the expansion of guadris20tata and

did not begin until 8 cm ca. 1945. The data suggest a
units between 1945 and 1985.

lVJ The core chemistry record demonstrates that trace metal contamin;tioG
ef the lake sedlments began at 33 cm 11790 5). The record also suggests 2

period of sOll erosion (60 cm - 33 cm) before the dated part of the corE
Ipre-18001 which 15 associated with a depression in values of and a
dIlution of the diatom concentrations.

~) The contamination of the sediments by earbonacEous particles commences
at 32 cm, concurrent with the beginnings of trace metal contamination. ine
concentration of these particles increase rapidly from Bem (1940's! and
parallels the recent acidification of the laf:e as identified by the diatom
record. A similar trend is shown by the magnetic data.

vii The pollen diagram reveals a major hiatus in the core at 60 cm below
WhlCh sediments dating to approximately the elm decline approl: 5(10(1 S.P.
occur. Sedimentation has only recommenced within the last 250 years.

vii} No appreciable land use change has
SInce the introduction of sheep by the
has tahen place Within the catchment and
management practice.

occurred
Cistercian

burning has

within the catchment
monastery, No limlng
not been a slgnlflcant

cannot be accounted for by land USE change~.

indicate acid deposition as the cause of
of the changes and trends of the atmospheric
metals, magnetics , carbonaceous particles) 7

of atmospheric pollutants , are consistent with

viii) The acidification
Instead, all the data
acidifIcation. The timing
pollution lndicators (trace
lndicating local deposition
this view.
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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, yet despite the
pioneering worl: of Gorham on precipitation chemistry in Cumbria (Garham
19581 the E):tent of acidification in the UK is still not known. In earlier
papers (Flower and Battarbee 1983, Battarbee ~ ~ 1985, Jones ~

ill. 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 deposition. We have now extended our enquiry to
acid lakes in Wales 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.

Llyn Gy"on IFig. 11, one of the larger natural lak •• on the highland pi at •••
of North Cardiganshire, was the second site chosen in Wales. The mean pH of
precipitation is ca. 4.5 and the annual wet sulphate loading is 1.2 - 1.6 9
m- 2 yr- t (Figs. 2 & 3). The catchment is largely undisturbed, comprising
upland moorland and rough grazing for sheep. Sediment (ores were obtained
in May 1985.

involVES the use of diatom analysis to reconstruct past
210Pb analysis to establish a lake sediment chronology;

magnetic and ~sootl' analysis to trace the history of
contamination; and pollen analysis and land-USE history studies
thE lofluence of catchment changes on the past Ecology of the

Our approach
trends in pH;
geochemical,
atmospheric
to evaluate
lake.
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2.0 Site detaIls

2.1 Lake

Llyn Synon, lying at over 400 m and receiving rainfall in excess of 2000 mm
yr- 1

, lies on the lower Palaeozoic Silurian siltstones on the upland
plateau east of Aberystwyth. The lake occupies a broad, irregular basin
consisting of two relatively small yet deep basins surrounded by an
extensive shallow rim (Fig. 4). The lake has a volume of 533,835 m3 , a
mean depth of 2.18 m and displays minimal variation in water level (Table
11. The lake is chiefly fed by a stream from the north, Nant Llethr-du, and
ground.ater flows. Llyn Gynon is drained by an easterly flowing river, Nant
Brwynog, into the Claerwen rEservoir.

Table I Lake Characteristics

Area
Volume

Ma>:imu. depth
Mean depth

2.1.1 Water chemistry

252,550 m2

533,835 m:!

11 m
2.18 m

Available water chemistry from the lake is extremely limited and is
restricted to three spot samples taken in the course of the present stUdy in
1985 and 1986 (Table 2). Lake pH varies from 5.0-5.3 and has very low
al~:alinities (1.2 - 2.0 mg CaCO~ 1- 1 ). Dissolved aluminium levels are
half those of L1yn Hir and Berwyn before li .. ,ng Wnderwood !ll. a!. 19861.

2.1.2 Lake vegetation and invertebrates

At present no information is available on either the macruphyte vegetation
or the invertebrate populations of the lake.

2.1.3 Fishing history

Llyn Gynon has not been stocked within living memory and still supports a
wlld trout population that migrates up the Nant Brwynog from the Claerwer
system and yields catches averaging 0.5 pounds fish- t (G. JaDes, H. Morgan
pers. camm.).

Lying on the Estate of Strata Florida Abbey it is possible that the la e was
5tac~:ed by the Cistercian monks sometime after the 12th century (Ward (931).
John Leland passed through the area in the 15305 and reported that Llyn
Gynon contained both trout and eels noulmin Smith 19061. Cliff. (1860)
described the lake as 'swarming with trout of excellent quality'. S,.ilar
terminology was employed by Ward (19311 to describe the fishing sone 70
years later~

Local residents recall that the
British and continental anglers
lake side (E, Davies, E. Edwards

lake attracted
before 1940, many
pers. comm.l.

considerable numbers of
of whom would camp at the

Owing to its remoteness little
rights to the lake. The Nanteos
century (1) but there is no

control has been EJ:ercised OVEr the fishing
Estate kept I bOlt on the lake in the 19th
Evidence to suggest that the fishing was
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T,bl. 2. lake che.istry r.sults lor llyn Bynon j9B5119B6

Oat. pH Conductivity Total Total Free Total Chloride
O,idis.d H,rdno., Carbon dio,id. Alk,linity
Ni trogen

20ll:lC us CI- t log 1-1}

27102lB5 5.1 34.0 0.2 4.5 3.7 1.3 6.0
14I0l/86 5.0 29.0 0.1 4.0 3.0 1.2 5.0
2310418. 5.3 39.0 0.1 2.0 7.13

Oat. Orthophosph,te Dissolved Dissolved Di 5501 ved Di'solved Dissolved Di'sol ved
Silic, Sulph,h Sodiu. Pot,ssiu. Calcium linc

leg I-I}

27/02185 10.02 0.80 4.57 3.10 0.30 0.83 0.019
14101186 10.02 0.80 2.74 2.B6 0.31 0.78 0.029
231041B6 0.75 3.55 0.32 O.BO 0.029

Date Di'solved Dh'ol ved Bi5&olved Dissolved Dissolved Dissolved Dissolved
Copper C,daiu! Alu.iniu! Lud Chro!iu! "ang,nese Iron

leg 1-1}

27/02lB5 0.005 0.83 0.068 0.009 10.003 0.211 0.216
1410l/B6 0.006 0.78 0.054 10.002 10.003 0.057 0.253
23104186 0.005 0.050 0.220 0.170

D,te Dissolved Huoic
Nickel acid

log 1-' i

27/02lB5 0.005 2.2
14101186 2.9
23104186
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preserved. As part of the Claerwen reservoir catchment the fishing rights
were passed to Birmingham Corporation and later to the WWA.

2.2 Catchment

LIyn Gynon (252,550 m2 ) occupies a shallow depression in
plat.au .a.t of Aberwystwyth overlooking the Cl •• r •• n
catchment (3 , 114,112 m2 } is of low relief (Table 3) and
acidic blanl:et peats and small amounts of Nardu5t grassland.

the highland
reservoir. The
15 dominated by

Table 3 Catchment Characteristics

Total catchment area
Area of land in catchment

Area of lake
Catchment/like ratio

Mcn:imum relief

2.2.1 GeDlogy

3,114,112 m2

2,861,562 m2

252,550 m2

11 . 33
10 m

BasE poor, lower Palaeozoic, Silurian ffiudstones and shales dominate the
geology !Rudeforth 19701. Detailed geological mappIng by the 8GS is not
available but surveys are in progress nearby (R. Bazley pers. [amm.).

2.2.2 Soils

Soils of the catchment belong to the Crowdy series (1013a) and are chie~ly

amorphous MoliniaJEriophorum blanket peats. The better drained,
Festuca/Nardu5, slopes are dominated by soils of the Hiraethog seriES of
the Hafren association (654a) and are chiefly stagnopodzols and stagnohumic
gleys (Rudeforth !li.lli 1984). Typically these soils are thin (30-40
cm) with a wet peaty surface hori~on and bleached subsurface horizons, often
with a thin ironpan. Extensive peat hagging IS noticeable in the east of
the catchment by the outflow and a sizeable area of hagging e~ists on the
w•• tern .,d. of the lake and .ay represent old pelt cuttingl.

2.2.3 Present Vegetation

Catchment vegetation is dominated by blanket peats consisting chiefly of
Molinia caerulea In the Extensive nutrient-rich flushES and Eriophorum
vaginatum & Sphagnum le.g. S.cuspidaturo, S.papillosuffi & S.compactuml
communi ties in wetter areas (Fig. 5l. Polytrichum cOITJITJunE, Aulocomnium
palustre and Scirpu5 caesoitosus are also common. Areas of better
drained slopes are dominated by Nardus stricta and FEstuca Dvina grassland.
Very little Calluna, Erica and Vaccinium myrtillus is found in the catchment
and those plants that are present Ire very old and almolt moribund.
pteridium is not present within the catchment.

Nomenclature follows Tutin et al (1964-1980).
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3.0 Methods

The lake was surveyed using the techniques described in Stevenson rt
~ 1987. Shore surveying stations were loctited by the inflow tind outflows.

3.1.2 Collection of sediment cores and routine laboratory measurement of
sediment characteristics

CorES were taken using a Macl:ereth mini-corer (Mackereth 1969) operated from
an inflatable boat. Sampling was carried Qut during May 1985. Gynon 3 was
used for dating and analysis and Gynon 4 for PAH.

Core Gynon 3 (89 cml was extruded in the laboratory and the top 20 cm sliced
into 1/2 cm slices and the remaining core at 1 cm intervals. The sediment
was then SUb-sampled for dry weight, loss on ignition {at 550 g C} and WEt
density measurements.

Analyses for dating, magnetics, chemistry, carbonaCeOti5 particles, diatom
& pollen were all conducted according to the standard methods set out
in Stevenson ~ ~ 119871.

15



4.0 Results

4.1 Lake history

4.1.1 Sediment Description

The lowermost sediment in the Llyn Gynon core is a fine dark-brown organic
lal:e mud, with organic content (LOll ranging from 24% to 31% of the sediment
dry weight (Fig. 6). A sharp transition to a silty olive-brown sediment
with a lower organic content (11-25'l.} occurs at 60 cm. WIthIn this silt'Y
sediment are several fine bands of rootlets and fibrous plant material.
AbOVE 30 cm the organic content of the sediment increasEs again. Percent
organic matter (LOl} ranges from 22 - 42% of the sediment dry weight, with
the highest values between 9.0 and 18.5 cm. The contact betWEen the lower
silty sediment and the uppermost dark-brown organic sediment is gradual.

4.1.2 211"Pb datIng

Sediments from Gynon 3 were analysed for 210Pb, 226Ra and
gamma spectrometry (Appleby ~ ~ 19861. The "opb
results are given in Table 4, and shown graphically in Figs.
137[5 results are given in Table 5 and Fig~ 9. Table 6 gives
range of other radioisotopes determined from the gamma spectra.

137[5 by
and 226Ra

7 & 8. ThE
valuE'S of a

Table 7 compares 210Pb and 137C5 parameters for Llyn Gynon with
corresponding parameters from nearby Llyn Hir. The unsupported 210Pb
Eoncentratlon of the near surface sediments in Llyn Gynon is half that of
Llyn Hir, and indicates a basic sediment accumulation rate in Llyn Gynon
tWiCE that of llyn Hir. The 21 0 Pb inventory of the Llyn GYGOG core is
2.45 times that at llyn Hir, and indicates possible sediment focu55ing in
LIyn GynDn. The combination of these two factors has gIven rISE to a net
sediment accumulation rate at the site of core GYN 3 over 5 timES t!)at at
Llyn Hir. This is reflected in the values of the 90% equilibrium depths,
i.e •• the d&pths at which the 210Pb dating parameters have fallen to 10%
of the surface value. These depths represent 74 years of SEdiment
accumulation.

The 99% equilibrium depth for the Llyn Gynon core (repreSEGtlng 148 years of
sediment accumulation) is about twice the 90% equilibrium depth~ and this
suggests that over the past 150 years there has been no significant net
change in the sediment accumulation rate. The mean accumulation rate given
by thESE figures is 0.035g [m- 2 yr- a. Within this period there may well
have been significant short term fluctuations in sediment accumulation 1 most
notably in association with the non-linear kink in the unsupported 210Pb
profile {Fig. 8i between 9.75 cm and 11.75 cm. These depths are dated
unambiguously by 210Pb to ca. 1930. This episode has not caused any
significant dislocation of the unsupported 210Pb profile , and may represent
a discontinuity in the process of sediment focu5sing due to e.g. a slump.
The flattening of the 210Pb profile abOVE 4.75 cm may represent a small
post-1964 acceleration in sediment accumulation.

The 137CS concentratlons rise steeply towards the top of the core 1 with no
sign of the e~pected 1963 peak. The surfaCE concentration is 34 pCi g-l,
and is 1.55 times that at Llyn Hir , in spite of the higher sedimentation
rate. The 137CS inventory 15 4 timES that at Llyn Hir. 501. of the t~7CS

inventory should post-date 1963. This would put 1963 at 4.5 cm, and is

16



6. Profiles of variation in dry weight. wet density and loss on ignition for the Llyn Gynon 3 core
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T,bJ. 4, 210Pb Data for Cor!:' 6vnon .'.

DEpth Dry Mass 210Pb Con(~rrtratlon CumuJ Unsupp Standard Errors 22bRa Std, Error
TotaJ Unsupported 2l(}Pb ConcEnL CUflul, concentration

cm 9 ::&-;< pC! g-l pC! g-l pC! ca- l TotaJ Uns. Uns. pC! 9- 1 Tot,J

0.75 0.0839 24.210 22.722 1. 998 0.90 0.93 0.13 1. 488 o 'J'i,H

2.75 0.3766 21.850 20.480 8.m 1.16 1. 20 0.43 1. 370 0.29
4.75 0.6845 20.580 19.671 14,494 0.84 0.86 0.63 0,909 0.19
6.25 0.9244 15.390 14.376 18.548 1.10 1.14 0.70 1. 014 0.29
7.75 1.2011 9.930 a.533 21.662 0.62 0,65 0.77 1.397 0.19
9.75 l. 5939 4.590 3.539 23.900 0.55 0,58 0.81 1.051 0,18

11.75 1. 9566 6.220 5.129 25.457 0.55 0.58 0.85 1.091 0,17
14.75 2,4357 5.580 4.566 27.776 0.36 0.38 0,89 1. 014 0.11
17.75 2.9625 2.760 1.734 29.349 0.37 0.39 0,91 1. 026 0,13
21.50 3.8454 1.690 0.691 30.381 0.22 0.23 0.95 0.999 0.08
"'\1::' C'f) 4,7190 0.940 -0.098 30,608 0.21 0.22 0.97 1.038 0.08... ..:.,),.
29.:0 5.6171 1.470 0.502 30.772 0.28 0.30 1.00 0.965 0.1(:
33.50 6.6698 0.990 -0.233 30.897 0.25 0.27 1. 04 1.22:· (l,10
~7.50 8.0543 0.590 -1.027 30.001 0.20 0.22 1. 09 1.617 0.09
38.00 2.2190 29.829

T.-:bll2 5. 137C~ data for Core G'if1on 3

Depth Mass tHes concentration CUlliul ab YE: tHe; Fr at t
CB 9 cz;-:£ pCl g-I +/- pCl (&-2 +/-

0.75 0.0839 34.02 0.59 2.85 0.15 0.071
ry ~~ 0.376& 31.97 0.70 12.51 0.53 0.309"". " ~,

4.75 0,6845 28.25 0.50 21.77 0.73 0.538
6.25 0.9244 24.59 0.63 28.10 0.81 0.694
7.75 L 2(ij 1 ! I. 76 (1.31 32.91 0.86 0.813
°.75 1. 5939 4.!9 0.22 35.79 0.88 0.884

11.7:, 1.9566 4.01 0.20 37.28 0,89 0.921
14.75 2.4357 3.4& 0.14 39.0& 0.90 0,965
17.75 2.9625 0.75 0.11 40,00 0.90 0.938
21.50 3.8454 0.28 0.06 40.42 0.90 0,999
25.50 4.7190 0.00 0.00 40.46 0.9! 1.000
29.50 5.6171 0.00 0.00 40.46 0.91 1.000
33.50 6.6693 0.00 0,00 40.46 0.91 1.000
37.50 8.0543 0.00 0.00 40.46 0.91 1.000
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1,bl E 6. Other radioisotoPE data for COfe Gynon ,.

Depth 226Ra 238U :z,eU 231!!A:: 2:!ffTh 'l°K
cm pC, g' •

0.75 1. 49 iJ.OO 0.16 1. 13 0.95 16.26
2.75 l. 37 1.01 0.00 0.5b 1. 44 13.82
4.75 0.91 O. (I(! 0.14 0.53 1. 26 15.51
6.25 1. 01 0.00 0.19 0.00 0.74 17.79
7.75 1.40 0.00 0.16 0.B9 0.99 22.19
9.75 1.05 0.00 0.09 0.07 0.75 19.44

11.75 1.09 0.00 O.OB 0.48 0.93 20.7B
14.75 1.01 0.00 0.18 0.95 0.30 18.20
17.75 1.03 0.15 0.00 1. OB 1.34 21.35
21.50 1.00 0.10 0.13 0.95 1.37 19.31
25.50 1.04 0.30 0.13 0.87 1.19 20.Bl
29.50 0.97 0.54 0.12 0.92 0.35 19.33
33.50 L~i 0.18 0.12 1.14 1.55 29.60
37.50 1. 62 0.74 0.05 1. 62 1.25 33.62

lable "
2tOPb and 137C; parameters fur COfE Synon 3.

Surface unsupp. Unsupp. 2HJF'b Mean '2tl'Pb 226Ra 90! Egu. 994 Egu. Surface l:HCS tHe;

210Pb concenL Inventory Flu, Conc. Depth Depth COfinntratiDfi

pCi g" pC, cm- 2 pC! r::m- 2 yr- t pC! g-' g Cl'i- 2 9 [,:-2 pC! g" pC) crr,-z

U yn byncn
L! yn Hlf

22.l
45.9

29.7
12.2

0.93
0.38

1.16
0.B8
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2.58
0.46

5.09
1.51

34.0
22.0

40.5
10.9
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reasonably consistent with the CRS model zioPb chronology (Fig. 10). There
1£ a steep rise in 13?CS concentrations between 9.75 cm and 6&25 cm, but
significant values are recorded down to 15 cm. This can only be reconcIled
with the 210Pb chronology by as~uming significant downwards diffusion of
137C5. A pU221ing feature is the uniformIty of the !37[5 concentratIons
between 9.75 cm and 14.75 cm. If this uniformity was caused by a slump this
feature would be post 1954, raising doubts about the validity of the ZloPb
chronology. Unlil:e LIyn Hir there was no detectable amount of 241Am and
this is presumably a further reflection of the generally high accumulation
rate in Llyn Gynon.

The chronology given in Table 8 is based on the CRG 2,oPb dating model
lAppleby and Oldfield 1978). In spite of the relatively high "oPb
inventory the rate of 2,oPb supply to the sediments appears to have been
reasonably constant. This is shown by the relatively good agreement between
the CRG and ClC model dates, except in older sediments where standard errors
become large. Where there have been fluctuations in sedimentation the eRG
model will generally give more conservative results than the crc model. crc
model dates are given in Table 9.

4.1.3 Diatoms and pH reconstruction

Diatom analySES were completed on the uppermost 72 cm of the Llyn Gynon care
(GYN 3). Summary diatom profiles from Llyn Gynon are illustrated in Fig. 11
a full diagram may be found in Appendix A.

Few floristic changes occur in the lower 60 cm analysed from thE Llyn Gynon
tore. The diatom assemblage is dominated by the circumneutral taxon
Fraqilaria virescens, with moderate percentages of other circumneutral taxa
such as Cymbella gracilis, Anomoeoneis vitrea, of acidaphilous ta~a

including Tabel1aria flocculosa, Frustulia rhomboide~, F.rhomboides var,
sa~onica and Eunotia veneris and of the alkaliphilou5 taxon
Fraqilaria construens var. pumila, The only significant floristic change in
these lowermost sediments is the decline of the circumneutral speciEs
Achnanthes minutissima and Gomphonema gracile above 56 cm.

This Llyn Gynon diatom assemblage is quite similar to SEveral of the
pre-acidification floras in the Galloway lochs, particularly Loch Valley
(Flower tt al. 1987) and the past-15th century flora of Round Loch of
Glenhead (Flower and Battarbee 19831, although the high percentages 01
Fraoilaria virescens are not found elsewhere. The near absence of 2

planltonlC Ilora throughout the core and the relatively low perCEntagES 01
alkaliphilous species indicate that Llyn Gynon has been moderately acid
throughout the history recorded by this core. pH reconstruction suggests cl

mean pH of between 5.9 & 6.2 (Fig. Ill.

Between 40 and 18 cm diatom concentrations are e~ceedingly low (Fig. 121
suggesting low diatom production andlor a high sediment accumulation rate.
The concurrent depression of Isoetes percentages (see section 4.1.7)
SUggEsts high turbidity in the littoral zone caused by erosion, which shaded
macrophytes as well as littoral diatoms and hence depressed production.
Loss-on-ignition valUES increase slightly in this zone af low diatom
concentrations and could reflect peat erosion from the catchment. pH
reconstructions suggest a depression of lakewater pH between 48 and 24 cm,
reflected by slight increases in the abundance of acidophiloU5 taxa such is

Frustulia rhomboides, F~ rhomboides var* sa)~Dnica, Eunotia faba
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Tdble 8. CRS Model 210Pb chronology

Depth Dry Mass CUiul. Unsupp.
210Ph

Chronology
Date Age Std.

AD Yr Error

Sedioent,tion Rate
Std.

Error
9 c~-z cm yr- t /.

0.00
0.50
1.50
2.50
3.50
4.50
5.50
6.50
7.50
8.50
9.50

10.50
11. 50
12.50
13.50
14.50
15.50
16.50
17.50
13.50
19.50

21.50

0.0000
0.0559
0.1937
0.3400
0.4921
0.6460
0.8044
0.9705
L 1550
1.3484
1.5448
1. j299
1. 9113
2.0764
"1 'i'!" j.........0.

2.3958
2.5674
2.7430
2.9186
3.1391
3.3745
3.6100
3.8454

29.72
28.60
25.31
22.34
19.18
16.30
13.54
11.15
9. 14
7.82
6.78
5.93
5.21
4.36
3.59
2.95

1.80
1. 39
LOO
0.70
0.49
0.35

1985
1984
1980
1976
1971
1966
1960
1954
1947
1942
1938
1933
1929
1923
1917
1911
1903
1895
1887
1876
1865
1853
1842

o
I
5
9

14
19
25
31
38
43
47
52
56
62
68
74
82
90
98

109
120
132
143

2
2
2
2
2
2
2
2
3

4
4
5
6
8
9

12
17
21

0.(39)
0.0372
0.0346
0.0308
0.0265
0.0258
0.0273
0.0317
0.0430
0.0566
0.0494
0.0353
0.0288
0.0249
0.0209
0.0211
0.0228
0.0244
0.0233
0.0213
0.0193
0.0173

0.291
0.264
0.233
0.202
0.171
0.157
0.155
0.168
0.226
0.299
0.169
0.205
0.171
0.148
0.125
0.119
0.119
0.119
0.110
0.099
0.088
0.076

5.0
5.6
6.3
6.3
6.2
7.5
8.9
9.4

12.5
16.6
16.0
13.7
14.0
!5.0
16.0
19.0

26.3
36.5
48,S
61.1
73.4

210Pb Flux = 0.93 +/~ 0.03 pCi cm- 2

90% EqUilibrium Depth = 14.5 cm. or 2.40 g cm- 2

?9Z Equilibrium Depth = 22.6 Cl. or 4.09 9 ce-2

Table 9. [le Model 210Pb cr.ronologv for Core Gvnon ~.

Depth Dry Mass Unsupp. 210Pb

concentration
Chronolugy

D,te Age Std
Error

Yr

Sedimentation Rate

0.00
0.75
2.75
4.75
6.25
7.75
9.75

11.75
14.75
17.75
21. 50
25.50
29.50

0.0000
0.0839
0.3766
0.6845
0.9244
1. 2011
1.5939
1.9566
2.4357
2.9625
3.8454
4.7190
5.6171

22.95
22.07
19.89
19.12
13.96
8.24
3.39
4.94
4.40
1. 64
0.62

-0.15
0.44

1985 0
1984 1
1980 5 3
1979 6 2
1969 16 3
1952 33 3
1924 61 6
1936 49 5
1932 53 4
1900 85 8
1869 116 12
1850 135 17
1858 127 22

0.0638
0.0638
0.0378
0.0207
0.0247
0.0437
0.0446
0.0356
0.0265
0.0467
0.0467
0.0467

0.466
0.425
0.242
0.120
0.129
0.232
0.265
0.212
0.127
0.206
0.211
0.192

qO% EqUilibrium Depth =16.6 Cl. or 2.75 9 cm- 2

9;, EqUilibrium Depth = 31.3 co. or 6.09 g c.-·
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dnd flocculosa.
the InW2sh of acidophilou5
~. FIDirJEr 1984).

ThIS pH depressIon could bE
diatoms lIving in catchment peots

an artef2ct of
(e.g. B2,ttarbee

Above 18 cm diatom concentratIons and Isoetes percentages risE
j

suggesting feduced sediment inwash. The slightly depressed catIon
concentrations (SEe section 4.1.4} in these sedlments are also consist2Gt
with the hypothesis of lowered erosion rates. The magnetic data (sEction
4.1.5) however, do not provide any eVIdenCE for decreased erosion and the
historical data (section 4.2.1) do not suggest any late-19th century change
in land use that might account for altered sediment inputs from the
catchment.

The most significant floristic change occurs in the uppermost portion of the
Llyn Gynon caret beginning with an increase in the acidophilous
perpusilla above 14 cm. Above 6 cm the acidobiontic taxa Tabellaria
guadriseptata and Navicula madumensis increaSE sharply, and
AnoffioEoneis vitrea, Fragilaria construen; var. pumila and
Cymbella gracilis decline in abundance. These changes, partIcularly
the E):panS]on of Tabel1aria guadriseptata, indicate signIficant
acidificatIon of the lal:e. pH reconstructions (Fig. 111 suggest that thiS
reflects a decline of 0.4 pH units In the uppermost 8 cm. The hlgh
values of Fragilaria virescens found in the top half of the core 2r2

thought to be the cause of the over-estimatIon of reconstructed pH, b j

0.2 - 0.3 of a pH unit, by the multiple regression method.

4.1.4 Sediment chemistry

Major CatIons

There are major changes in sediment constitution within and below the dated
section of the core. BetWEen 33 and 60 cm the sediment has a higher dry
weight and lower organic content than in the upper 33 cm (Fig. 6). The
sedimentary magnesium, sodium and potassium concentrations are also highe~t

1n thIS interval. This suggests that the rate of erosIon of material fre
the catchment was higher during this period. (Mac~ereth 1966, EngstroG ~

Wrlght 1985, pp27-34). This is before the dated portion of the core.

Within the dated sectIon of the corE ( 20 cml the organIc content
IncreaSES to a peal: at 14 cm and then decreaSEs towards the surface IFlg.
6). There IS a mInor peal: at 10 cm. The 10 cm peal: in organic content
coincides With a peak in dry weight and with peal(s ]n concEntration of
potassium {Fig. 15l and, especially, sodium and magnesiuJTl (Figs. 13 &: 14).
There is also a very small peak in the calcium profile at this depth (Fig.
161. Usually the calcium profile does not reflect changes in erosion rates
from the catchment (Fritz ~~. 1986, kreiser ~~. 1986).

The peal:s in magnesium, potassium, sodium and dry weight profiles at 10 cm
are u5ually tal:en to indicate a period of increased erosion from the
catchment IMacl:ereth 1966, Engstrom & Wright 1984). This is partly
supported by a fluctuation in the steady accumulation rate of sediment at 10
cm in Llyn Gynon (Table 8l. This may be due to an increase in accumulatioG
rate or a discontinuity in sediment focu55ing in the lal:E. If the
discontInuity is a slump of material from a shallower area, then thE
sediment would be coarser (higher dry weight) and would have higher major
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c~tlon concentrations.
have occurred.

The chemIcal rEsults suggests that a slump mIght

Nicl:el behaVES li!:e potassium
The pea~: around 10 cm IS

concentration-depth profile~

in the dated portIon of
the only feature on

the core (Fig. 17).
a fairly constant

Zinc, lead and copper have similar profiles (Fig5~ 18 20). Below about
30 cm thE concentration is constant iround bacl:ground values of 137 ug Zn
g-1, 42 ug Ph g-1, 33 ug Ni g-1 and 14 ug Cu g-1. TheSE are typical
bacl:ground valUES for freshwater sediments (Forstner 1977). USIng the
concentrations expressed per gramme minerals zinc reachES its maximum level
of contamination at 9 cm depth, lead at 17 and copper at 14 cm (Figs 21 1
221* In the top 6 cm the zinc concentration drops while lead concentrations
are constant. Apart from the very sediment surface the copper
concentration-depth profile shape is similar to the organic content in the
upper 20 cm.

The zinc, lead and to a lesser e~tent copper profilEs indIcate that the
sediment has been contaminated by these trace metals abOVE 30 (ITI. ThiS
depth is below the dated part of the core but the maximum period of
contamination, from 9 to 17 cm corresponds to 1900 to 1935 (Table 8i.

An attempt can be made to ascribe a date to the 30 cm sediment level when
the traCE metal results suggest contamination commenced. This must bE done
carefully is three sediment properties (major cations, pollen L diatoms)
indicate that the erosion rate of material from the catchment began to
decrease at this level. In the absence of contamination, sedimentary traCE
metal concentrations can increase when erosion rates fall. This has bEEn
observed in Loch Dee (Rippey unpublished) and becaUSE the ErOSl0~ rate
changES were within the dated part of the core, trace metal fluxeE could be
used to Estimate the start of contamination and its size. This approach,
however, cannot be used here as the change~ are below the dated part of the
core.

Trace metal and major ion concentrations are usually highly correlated In

sediments when there is no contamlnation. This is the case with lead/ZInc
and potassium below 30 cm depth in Llyn BynoD (Fig. 23). Wlth lead there is
an almost immediate change to a new relatioGship which reflects the
contdmination regime, whereas, the change is morE gradual WIth ZInc. The
ZInc versus potassium relationship during contamination is Established
around 24 - 25 cm depth. In both caSES, however, the departure from the
pre-contamination relationships starts around 30 cm although the Initial
degree of lead contamination is higher than with zinc. The lead/zinc versus
sodium behaviour is identical to lead/zinc versus potassium. This analySiS
confirms that contamination does commence around 30 cm depth. This depth
can only be dated by e~trapolatiDn from the dated SEction of the core (Table
8} and corresponds roughly to 1725 A.D. This is a very early date and needs
some comment.

The date is only a rough estimate as the sediment level is below the dated
part of the core. It is also at the end of a period when chemical and
microfossil evidence indicates that erosion rates from the catchment were
hlgher. The sediment accumulation rates were presumably highEr then 21so
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and therefore
been rE-corded
contamination
contaminatlon

30 cm could be later than 1725 A.D. Lead contamination has
in the early 18th century (Fletchef 1985) and it i~ the lead
that is most important just above the 30 cm level. Zinc

only becomes important later, around 25 cm.

If the early date is correct then this sensitivE record of tracE metal
contamlnation may be due to the sediment focussing in Llyn Gynon. Trace
metals are incorporated into the fine-grained fraction of sediments
(Salomons t Forstner 1984, pp69-761 and if it is this fraction that is
selectively focussed at the coring site (as IS the case with 210Pb, 4.1.2)
the net sedimentary trace metal concentrations would be particularly high
there also. The effect is a magnification of the trace metal contamination
signal. Without magnification, low level contamination would not be
detectable against normal environmental variations of trace met21
concentration.

We have found that copper profiles in the Scottish and Welsh lakes examined
only s,how low levels of contamination (Fritz si. §..Lt 1986, Kreiser
§l. 1986). This is a1 so the case here and above 20 cm at the peak of
contamination the profile appears to be more affected by changes in the
organic matter content of the sediment. Of the four traCE metals deterrnlned
copper is the one with the most affinity with natural organic compounds
!TJpplng!t.t 1983, Me.ntaura !t.t~. 1978, Davls 1, Leel:!e 1978).

We can use the sediment chronology (Table 8}, density {Fig 6) I dry weight
(Fig. 6) and trace metal concentrations (Figs. 17 - 20) to c31culate the
contamination flu):e5. As the bacl:ground concentrations are before the dated
portion of the core we cannot calculate el:act background flu~e5. We ran USE
the constant sediment accumulation rate measured in the upper 20 cm (35 mg
tm- 2 yr- I ) but thls must be done carefully.

Llyn Gynon shows sediment focti5sing and thiS may not always have been
constant. Furthermore, the measured accumulation rate is quite high becaUSE
of sediment focu5sing. The bacl:ground value, for E~ample, in Llyn Hlr IS 5
mg cm- 2 yr- I • We can use the measured accumulation rate in Llyn Gynon and
note that the bacf:ground traCE metal flul:es may be lower and 50 the
contamination flu PS may be higher (Table 10).

TablE 10. SEdimentary traCE metal flul:es mg m- 2 yr- 1

Zinc
Lead
Copper

Background
50
15
11.5

Mal: i mum
137
tOO

14

Contamination
87
85

The contamination flu~e5 are typical of those found in other Welsh and
Scottlsh lal:es (Frd: !et~. 1986, BaHarbee!t.t~. 1985l.

The most likely source of metal contamination in Llyn Gynon and the other
lales is atmospheric deposition. Wastewater sourCES in theSE remote ]af;e~

ire most unlikely and the normal background concentrations indicate that
there 15 no mineralization in the Llyn Gynon catchment.

The concentration of zinc falls in the top 6 cm whereas lead is fairly
constant. The drop in zinc may be due to a decrease in the flux from the
atmosphere andlor a lower pH in the lake. This behaviour has been observed
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In tlfJO Scottish lakes (Battarbee ll. 1985, Rlppey unpublished) and one
other Welsh lake (FritL ~. 1986). A drop in IdLe pH CGuld cause a drop
In the sedimentation efficiency and/or release of zinc from the sediment.
No exact pH can be given below which a metal is desorbed from sedIment as
this depends on the sediment constitution (Benjamin ~!t. 1982) although it
IS recognised that ~inc is more susceptible to releaSE at lower pH than
other trace metals. Zinc tends to be desorbed below pH 4.5 to 5.0 (Mouvet &
Borg 1983. Evans !1.i. el. 1983, Norton & He.s 1980, White &
Dri.coll 1987) but a. the diatol-inferred pH only drop. frol 6.0 to 5.5 in
the top 6 Cl (Fig. III it lay be that there i. a drop in the flul of ,inc
from the atmosphere.

Sulphur

The sedimentary sulphur concentrations oscillate rapidly, Especially in the
upper 30 cm (Fig. 24l. To assess if there is any pattern in the results the
values have been smoothed and this is indicated in the diagram by the
continuous line. While there is now an indication that the sulphur
concentration risEs at 30 cm as with zinc and lead (Figs. 18 & 19) the
trends are not very clear.

AnalySES are at present being conducted but the results are not yet
available

4.1.5. CarbonacEous particles "CP"

The "CP" pattern for Llyn Bynon, illustrating the number of particle£ per
gram dry sediment is given in Fig. 25 & Table 10. It shows the presen:e of
c2rbanaceous particles in small numbers at a depth of 32 cm (ca. 1750
A.D.l. A smooth rise in particles then occurs to 8 cm (1940) subsequently
followed by a very steep riSE in concentration to the top of the Cafe.

The pattern for the CP count in terms of the organic content of dry sediment
IS given In FIg. 26. CP patterns e~pre5sEd in terms of the organic fraction
of sedIment (using LOll may be considered to be more precise than e~preSSlon

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, WhlCh ctin
vary widely. Using LOI as a base has the effect of 'smoothing' the ep
pattern, and this can be observed for Llyn Gynon. OtherwisE 1 the pattern is
very similar to that in Fig. 25.

4.1.6 Magnetic Measurements

Fig. 27 plots the results of ARM, SIRM and IRM measurements on the Gynon 3
sediment core. The right hand graph shows reverse field ratios !IRM-n/SIRM)
plotted against a horizontal scale of percentage reverse-saturation. Thus
50 represents the point during DC demagnetization at which IRM is zero and
100 represents the point at which IRM/SIRM is -1. Fig, 28 plots
SIRM-IRM_ 2omT as a ffiass specific remanence versus depth. This is the best
available (albeit imperfect) estimate of the changing concentration of
ffiultidomain 'magnetite' in the core. Our unpublished evidenCE indicates
that this is often the best single 'magnetic' indicator of recent
anthropogenically derived atmospheric deposition. Fig. 29 plots
SIRM+IRM-~oomT also as a mass specific remanence versus depth. This is the
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Table 11 : Carbonac:eous particle analysis for Gynon 3

No. Carbonaceous
Particles

Depth per 9 per 9
dry sed organic

(cml >: 10' content
x 10'

0.5 - 1.0 14.06 51.9
1.5 - 2.0 19.39 77.0
2.5 - 3.0 15.86 61.1
3.5 - 4.0 17.00 69.2
4.5 - 5.0 13.26 59.3
5.5 - 6.0 5.49 19.7
6.5 - 7.0 3.66 13.0
7.5 - 8.0 3.54 12.4
8.5 - 9.0 1.92 6.5
9.5 - 10.0 1.83 5.4

10.5 - 11.0 1. 38 4.7
11.5 - 12.0 1.32 4. I
12.5 - 13.0 1. 09 3.0
13.5 - 14.0 I. 69 4.4
14.5 - 15.0 1. 39 3.5
15.5 - 16.0 0.98 3.0
16.5 - 17.0 0.54 1.7
17.5 - 18.0 0.95 2.9
18.5 - 19.0 0.56 2.2
20.0 - 21.0 0.60 2.0
22.0 - 23.0 0.51 1.8
24.0 - 25.0 0.25 0.9
26.0 - 27.0 0.31 1.1
29.0 - 30.0 O. II 0.4
30.0 - 31.0 0.09 0.3
32.0 - 33.0 0.13 0.6
34.0 - 35.0
37.0 - 38.0
40.0 - 41.0 0.06 0.3
43.0 - 44.0
46.0 - 47.0 0.04 0.3
49.0 - 50.0
52.0 - 53.0
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best avaIlable estimate of the changing concentration of 'haematite' 1n the
core. SIRM-IRM_ zDmT increases significantly between 20 cm and 17 cm and is
the maln component in the SIRH Increase. There are less significant and for
less consistent increases in SIRM+IRM_~oDmT and ARM. The eRE 2tOPb model
datEs suggest that this increasE tal:es place between 1860 and 1890 AD.
Around 5 cm, ARM, SIRM, SIRM-IRM_ 2omT and SIRM+IRM-~QOmT all increasE
sharply. This level is dated to ca. 1960 AD.

In order to test the hypothesis that the magnetic properties of the most
rEcent sediffiEnts can be ascribed in part to an anthropogenically derived
component distinguishable from pre-industrial catchment inputs, several
cfoss-plots of normalized magnetic parameters were compiled (Figs. 30-32).
In each plot, samples below 17.5 cro t those from 5 to 17~5 cm and those above
5 cm are separately distinguished.

Parameter X is SIRM + IRM-30omT

SIRM

Parameter Y is SIRM - IRM- 2omT

SIRM

2nd Z lS SIRMfARM. In all cases the envelope of values for samples above 5
cm is indistinguishable from that for samples between 17.5 cm and 5 cm.
HOWEVEr, both upper samples sets are relatively well distinguished from the
lowest. ThlS is reflected most clearly in lower SIRMJARN valUES below 17.5
ere, though the Extreme values of parameters X and V are also lOWEst below
this depth. In rock magnetic terms, these changes point to a proportionally
higher stable single domain contribution in the lowest part of the tOfe and
a proportionally greater multidomain ferrimagnetic (cf. magnetite) and
ranted anti-ferromagnetic (cf. haematite] ccntribution above. TheSE
observations, cDupled with the observed increases in the concentrations of
theSE components~ are consistent with a distinctive and additional magnetic
input from the mid-late nineteenth century onwards. ThE ffidgnetic properties
themselVES are con5istent with the hypothesis that this contribution is at
least in part anthropogenically derived. 'bacl:ground" magnetic depOSition
from the catchment giVES SIRM values of ca. 1 ~ 10- 3 Am 2 kg-I. Such valUES
are between one and two orders of magnitude higher than thOSE recorded in
pre-industrial ombrotrophic peats. It is therefore difficult, from these
measurement alone, to confirm and quantify an anthropogenic input. The
magnetic accumulation rates calculated using the 21 0 F'b sedimentation rate
are within the range obtained for recent peats from upland Britain through
ca. 4 tIme. thE rat •• obtained for nearby Llyn Hir. For the post-1980
sediments the 'multidomain magnetite' accumulation rate per m2 , as
approl:imated by SIRM-rRM_20~T1 is around 1 ~ 10-3 Am 2 • This is between 6
and 7 times the valUES for the early 19th century sediments at the site
(Fig. 33J. Present evidence does not preclUde the hypothesis that th,.
increaSE is at least in part, a function of anthropogenically derived
deposition especially sinCE ca. 1960.

4.1.7 Pollen

Early worL on a blanLst
.hore 01 the lake (Fig.
vegetational history of

peat SEction from a site located on the northern
34i enables insights to be gained into the Holocene
the area (Moore 1966, Moore & Chater 1969).
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Strati graphic invE:tigations reveal a detailed story of plant SUCCESEion

"!lthin the catchment (Moore 19661. Initially, a Phraqmitesl rich
community became established on an old stream bed. Subsequently

invaded and became dominant. The 5edjmE~t at this time is alsG
rich in macrofo5sils of Betula and F'lnus and appearg to date from the Boreal
period (ca. 8500 a.p.l. Around 7000 S.P., an e~tenslve alder carr
developed over the sedge community but gradually became less abundant as
acid beg vegetation, dominated by Molinia and Eriophorum , developed. A
hiatus caused by the Emplacement of a medleaval trackway across the
peat surface th~n exists in thE sEction. A Nardu5/Festuca grassland peat
lS developed directly over the trackway, representing the present vegetation
of the better drained, drier slopes.

The pollen diagram prDvides not only a detailed picture of the local
vegetation but also an overview of the early-mid-Holocene vegetation of the
region. The initial sediments date from early Boreal times and are
characteriseD by high pollen values of Betula! Pious and Ulmus.
values are low throughout. Locally, the early Phraomites I Cyperaceae
communities are reflected in high values of Gramineae and Cyperacese pollen.
A mOfe ffiesotrophic macrophyte vegetation Existed in the lal;e than at present
with Myriophvllum alternifloruffi! M.vertitillatum, Nymphaea and
pollen rEtorded.

The late Boreal part of the diagram shows a period of increasing oal: forest
2.:: \/6.lueo:;· of polleD rise at the e;:pense of Ulmu5 and
tecaniEs donli~ant in the local marsh commullity. The onset of Atlantic time:
(7000 8.P.1 is reflected by the characteristic rise in eventually
dOlliinating the local marsh vegetation. Throughout this rIse ruderal
pollen indicators such as Plantago lanceolata, P. major & are also
prominent. This occurrenCE of ruderal plants with the alder rlse h2S been
noted elsewhere and it has been suggested that anthropogenic interference in
the vegetati orl 2,i tied the spread of Alnus from its normal coastal and wet
marsh habitat:: (Smith 1984l.

The local dominanCE of alder appears to be short lived and values declIne
onCE merE as values of peat-indicativE pollen types increase ego Cyperacea2~

Potentilla j SuctiSi and Ericaceae. At the same time the elm
decline occurs and weed pollen values, e.g. Plantago lanceolata,
increase dramatically, reflecting the clearance of woodland fron, the
catchment.

The mediaeval trac!:way then prevents
vegetation development save for sediment;
similar to the present day pollen rain
communities.

any further
above the

from the

insights into the
trackway which are
current peat forming

Synon 3 121:e core

The summary pollen diagrams for the Gynon
Figs. 35 & 36 and concentration diagram for
pollen diagr ••••ay be found in Appendi. C.

3 sediment core is shown in
total pollen in Fig. 37. Full

A zonation of the diagra~ was achieved using
B,rk. 119721 and produced I threefold zonation,
58 cm, Indicates that a hiatus may exist in the
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the procedures of Gardon &
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This :one is characterised by very high valuEs of Quercu5 in assocIation
with Ulmus. E~:amination of the peatland s-ummary diagram Euggests that the
catchment at this period was still forested with an open aCld
woodland. Dating of this :one is relatively imprecise but must post date
the alder rlSE at 7000 B.P. However, the high values of Quercu5 both on
the relative and concentration diagrams, together with the lack of eVldence
of edensi Ye bl anket peats withi n the catchment and the hi gh UI "'us
values, tends to suggest a period just before the elm decline, with the fall
in Elm at the very end of the zone.

Pollen records of macrophytes are common throughout the zone and suggest the
local presence of a mesotrophic Sparganiuffi / Nymohaea community and
correlate well with the rate Atlantic portion of the peat diagram.

The termination of the zone is marked by abrupt changes in the major pollen
types with values of Ouercus falling some 20% as values of
Cyperaceae and Sphagnum all increasE. ThlS feature is shown also on th2
peatland summary diagram and is even more marl:ed on the total concentratlon
diagram where total pollen concentrations decline twofold. The zone
boundary represents a hiatus in the sedimentary record with sediment~tlDn

and pollen accumulation only recommencing relatively recently (ca. 1700
A. D. 1.

Throughout this zone valuEs of Querc.lls 2nd Ulmus are loi'). The pollen
15 dominated by blanl:et peat indicators such as Calluna, Cyperaceae.
Sphagnum, Potentil1a and SUC.CiSi j a feature also demonstrated b}' the
pe2tland summary diagram. Bouts of anthropogenic interference are shown b f
the large pEa~;s in thE ruderal indicators, Plantano lanCEolata and
RGme~:, associated with probable upland Napoleonic growlng of cereals as
shown by the large cereal pea~5.

ThE mesotrophic aquatic indicators are progressively lost during the zone
and vblues of the oligotrophic indicator, Isoete~, increase. A possible
er0510fi feature is demonstrated by the depression in Isoetes valUES from 4
Cif; - 20 cm 2.S"sc,clated with high peatland value!'::, a feature ccmmonl',/ found ~i'

many of the other lakes in this stUdy (Fritz tl.. ~ 1986, Anderson
al. 198c, StevenSOD unpublished datal

The very recent sediments show a distinct Pious rise from 8 cm, together
with the presence of grains of Picea, presumably derived from the Towj
forest lying some 4 km to the south west. A spike in the Pinu5 and
Sphagnum Curves at 20 cm could indicate a possible inwash horizon but dOES

not appear to be reflected in the 21 0 Pb results. Betula values increaSE
and Quercus values undergo a concomitant decline mid-way through the zon~

and could reflect further clearance and regeneration in the valley bottoms.
Throughout 1 ruderal pollen values are high and a further phase of nearby
cereal growing is indicated by the cereal pea~ at 8 cm.

Increasing oligotrophication of the lake or the relaxation of the inwash
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CQuld e:pli.un the increasing valuE!: of
aquatIc pollen values.

whlttl now dominates the

4.2 1'1'.
",/..J

4.2.1

At over 400 rn, on acidic soils, the Llyn Gynon catchment consists of
unenclo~ed unImproved moorland utilised for rough grazing. The vegetation is
dominated by Molinia and Festuca/Nardu5 grassland with Eriophorum
vaqinatum characterising the wetter areas (see Section 2,1.3 1 Fig. 5i and
may be characterised as grassy heath' (eg. King 1977, Ball ~ al.
1982l .

In ter •• of the ADAS land capability (la.silltation IMAFF 19501 the land i.
dominated by class H3' (improvements generally sEverely limited but of
moderate Of high present grazing value) I with SOme areas classed as 'H4'
(generally not improvable and of low present graZing value} (3}.

ThiS area of Wales witnessed a well documented woodland clearance at the
behest 01 Edward I following the Welsh rebellion at the end of the 13th
century {4}. However, Maore and Chater {1969} consider this to have beEn a
lowland and foothill clearance. It is probable that land at the altitude of
Llyn Gynon has been moorland for a far longer period.

During Investigations in the peat deposits at the north shore of the la~e,

Moore (1966) identified the remains of a stone slab trackway leading from
what he interpreted as a 'mediaeval farmhouse' to a 'butter cooler'
(constructed not earlier than the 12th century} (Fig. 33). Building material
for the trackway was probably obtained from a rudimentary quarry adjacent to
the 'farmhouse' (Fig. 33,. The broad chronology of these features coincides
with the early eyploitation of the area as grazing land by the Cisterclans
of Strata Florida from the late 12th century OJilliams 1889).

If the function of theSE remaIns has been correctly interpreted and some
permanent or semi-permanent habitation was maIntained in the catchment
during the medIeaval period, then a limited improvement of the moor12nd from
enhanced gra:ing prEssure on land 1n the Immediate vicinity of the
dwelling', may have occurred perhaps regulated by enclosure(51.

The frontiers of cultivation and improved pasture reached their upper limit
in Cardiganshire during the agricultural boom of the Napoleonic wars. ThE
rise in rents on the Crosswood and Nanteos Estates (the holders of grazing
rights over the Llyn Gynon catchment at this time) bears witness to such
•• pansion locally (Colyer 19761.

HOWEver, there is no evidence
photographs or on the ground
features) to suggest that the
thaD rough moorland grazing.

It is unreasonable to expect
the arid ffioDrland soils with
and in the Early 19th century
1815), a prIce which together

from documentary sources (see below) f from air
(of relict enclosures, drainage or cultivation
catchment has ever supported a land use other

any attempt to have been made towards imprOVing
lime. There was DD limestone in Cardigaoshlre
lime cost 16d. bushel- 1 at Aberystwyth (Davies
with the cost of carrIage over bad roads,
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deterred the farmer from utilising lime on the home farm, let alone on the
remoter hills (cf. Rees 1815, Howell 1946) CS}. Contemporary farmErs (eg. E.
Edwards , W. Janes l V. Lloyd pers. comm.) confirm that agricultural lime has
not been applieD to the catchment in living memory.

Documentary Evidence {6J

The catchment lies within the parlsh of Caron-Uwch-Clawdd. The tithe map and
schedule of the combined parish of Carcn (Caron-Is-Clawdd and
Coron-Uwch-ClaNdd co.bined) 171 indicate that in the mid-19th century the
catchment comprised sheepwalks associated with farms belonging to the
Nanteos IPONEII) and CrosswoDd ILisburne) Estates.

The first edition six inch
and subsequent editions {B}
hEathy pasturE'.

Ordnance Survey map of the arEa (surveyed 18861,
shaw the catchment to consist of 'rough or

The first Land Utilisation Survey 6 inch .anuscript map of 1933 191 provides
no detail within the lake catchment, describing the area IS 'typic.1 hIll
sheepwal~' characterised by bent fescue, Molinia and Nardu5.

The Second Land Utilisation Survey 6 inch manuscript map of 1970 Cl0]
indicates e vegetational cover identic2l to the contemporary situation, with
Festuca and Nardu5 on the drier ground and Eriophoruffi vaginatum dominating
ttlE wetter areas (Fig. 5).

Analysis of primary data CII} from which the Countryside CommissIon's
'MId-Wales Uplands Study' {Parry and Sinclair 1985) was compilEd, confirms
that the Llyn Gynon catchment has remained consistently within the 'moorland
tore' of unimproved rough pasture SInce 1948. The ClOSEst land to have
experienced ~ny documented change in land use lies 0.6 km. to the WEst 04
the catchment.

Non-agricultural land use

Although it lies in the
mining regIon, there
ground 1 to suggest ttlat
the lal:e catchment.

Pastoralism

broad vicinity of the north Cardiganshire lEad
IS no eVIdenCE from documentary sourCES or on the
any mineral was ever mined or prospected for, within

For much of the 18th and 19th centuries Welsh black cattle were an important
part of the pastoral economy of Cardiganshire (eg. Defoe 1735 f Davies 1934}.
Although some moorland areas were grazed by cattle , it seems probable that
the Llyn Gynon catchment was too high and rEmote to have rEgularly fulfilled
such a function.

It is possible that until their decline .fter ca. 1750 IC.ndry 1981), goats
would haVE roamed the vicinity of the Llyn Gynan catchmEnt (cf LEland 1536
in Toulmin Smith 19061.

In the early 20th century it was a common practice for flocks cf geeSE to be
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drl Ei~i frC'{fj 'PEn~ddcl-fawr· farm {some 4 kITI tt' thE wEst of the 16L2)! r

surr:rriE'r gr;;zlng (E. Da'llE::· 1 V. Lloyd pers. cOITlm.).

However, the central issue of land management in the catchment concerns its
utilIsatIon for sheep grazing. ThIs practice dates to at least the l&te 12th
century when the Cisterclans of Strata Florida acquired the area ~nd used it
as rangeland for their flocks.

In the 15305 Leland described how the land in the vicinity was treated a5

common grazing - 'everyman thereabouts putting his beasts upon it without
paying money' (Toulmlo Smith 1906).

Part of the Llyn Gynon catchment comprised sheepwalk of the Cro55wood
Estate. In 1814 the Estate's sheepwall:s were surveyed and considered of
'good quality, good and healthy for sheep' but 'ill stocked and nacaged'
C12} •

However, In 1857 witnesses affirmed the practice of the Cros5wood Estate of
strictly prEserving its gra~ing rights, !:eeping unauthorised graziers and
even those with common rights off its sheepwal~5 {13}.

Data relating to sheep numbers were drawn from the annual paristi returns of
Carcn (14} at quinquennial intervals and are presented in Fig. 38. BetWEen
1867-1905 the data relate to the combined parish of Caron (Caron-Uwch-Clawdd
and Caron-ls-ClawddJ. Not until the early 20th century 15 information
specifically available for Caron-Uwch-Clawdd , the parish within which the
Llyn Gynon catchment lies.

Although they reprEsent the sourCE of information most applicable to the
Llyn Gynon catchment, the spatial resolution of theSE data do not permit
catchment-specific assertions to be drawn and their interpretation is
hindered by several other constraints, In particular they ta~e a limited
account of changes 1n sheep type and no account of changes in graZIng regimE
(Patricf 1987).

No overall trend towards an increaSE or decline in total sheep numbers 15

dlscernible from Fig. 38. Furthermore f the increasing signifIcancE of ewes
and lambs at the EI:pens2 of wether sheep over the last century, is net
really suggested from the trends in Fig. 38.

Within the Llyn Gynon catchment a broad increaSE in sheep numbers has been
recognised since ca. 1945 (E. Davies, R.J. Davies, E. Edwards, vi. jOfles f V.
Lloyd pers. comm.J$ It is estimated that the western part of the catchment
currently supports 1800 Ewes and 1500 lambs between May and November (V.
Lloyd per£.. [amm.).

Apparent over a somewhat longer time scale has been a change in grazing
regImes. A transition from hardy wethers to ewes and lambs f the declining
viability and eventual abandonment of the highest farms {is}, and the
greater availability and improved quality of winter grazing on lower lands,
has possibly resulted in fewer sheep over-wintering on the higher hills and
a shortening of the grazing season at these altitudes (Patricl: 19E71 Clb}.

Man1pulation of data relating to sheep numbers (Fig. 39) and area of rough
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39, Crude sheeplrough grazing slacking densities in Caron-Uwch-Clawdd
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gro=l~g from thE parlsh statIstics, allow the calculation of d very crude
trend of changing 5tocl~ing rates on unimproved land in the Llyn Gynon
locality (Fig. 39), These trends are not catchment-specific and they assume
that all sheep are turned on to the hills (not an unreasonable assumption in
the summer). Furthermore, they ta~:e 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 affDrestation - there has been little
improvement of grassland in the parishes concerned} and the numbers of sheep
have risen, then the potential stocking density of sheep on the land
surrounding llyn Gynon may have significantly increased through the 20th
century (at least in summer months),

Grassland management

Llyn Gynon jle5 withIn the CWffi Y5twyth 5551. In terms of land
NCC act in a consultative and advisory capacity, but there is
suggest that contemporary management practices have been
altered as a result.

management the
no evidence to
significantly

Burning of gras5land was a regular practice in the catchment until the 19505
(E. DavIes j W. Janes, V. Lloyd pers. comms.l. Burning patterns may bE
f~intly distinguished from aerial photographs flown in 1948 {17}. ThE
pro~imity of the ExtensivE Towy forest to the south has made grassland fires
an inappropriate and rarely sanctioned method of land management in the area
SInce the early 1960s.

While the farm of 'Gareg Lwyd' was occupied areas of Molinia in the
catchment were occasionally cut for hay to provide winter fodder,

Subcidiarv management practices

Despite their reputation as sporting estates through the 19th and
centuries! there is no Evidence to suggest that the Crosswood
Estates actively managed the high land in the viCInity of Llyn
game.

early 20th
or Nanteos
Gynon for

In the 19th century turbaries were established on the peats at the west of
the llyn Gynon catchment. These peat cuttings are deplcted on a map of
'Gareg Lwyd' of 1831 {19} and were utilised by the tenants of that farm lE.
Cavies, E.Edwards, V. Lloyd pers. comm.), Evidence of their e~i5tEnce may
still be observed.
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it The unsupported 210Pb concentration of the near surface sediments 1n
Llyn Gynon is half that of Llyn Hir and Indicates cl basic accumulation ratE
of 2/ that in LIyn Hir. The 210Pb inventory of the Llyn Gynon COfe is
2.45 times that at Llyn Hir and indicates possible sediment foeussing In

llyn Gynon. The combination of these two factors has given rise tD a net
sediment accumulation rate (2.1mffi yr- 1 ) at the site of core GYN 3 over 5
times that at nearby Llyn Hir. A period of disturbance is revealed by a
dislocation of the 210Pb profile between 9.75 cm and l1w75 cm dated to
around 1930, correlating with a pea~ in calcium in the core chemistry
record~

iil The diatom based pH reconstructions suggest that the pH of Llyn GynoD
was 5.9 6.2 throughout most of the history recorded In the core.
Planl:tonic diatoms were absEnt from the lake and the data suggest a fairly
stable flora of attached circumneutral and acidophilou5 ta~a. Acidification
of Llyn Synon, marked by the expansion of Tabellaria guadriseptata and
Navicula madumensi c , did not begin until 8 cm ca. 1945. The data
sugge=t a pH decline of O~4 pH units between 1945 and 1985.

lil) The core chemistry record demonstrate5 that trace metal contamInation
of the lal:e sediments began at 33 cm (1790's). The record also suggests 2

period of soil erosion {60 cm - 33 cm} before the dated part of the core
Ipre-1800 1 which is associated with a depression in values of and
a dilutIon of thE diatom concentrations.

1 'j} The
COmlTiences: at
ront2ITli nil.tt on.
8em {1940's,}

idEnti fied by
data.

contamination of the sediments by carbonaceou5 particles
32 cm, concurrent with the beginnings of trace metal

The concentration of these particles increase rapidly from
and parallels the recent acidification of the la~:e as

the diatom recordw A similar trend is shown by the magnetic

VI The pollen diagram reveals a major hiatus in the core at 60 cm below
which sediment; dating to appro~imately the elm decline 'approl: 5000 S.P.·
octur. Sedimentation has only recommenced within the last 250 years. The
initial period of sedlmentation i= associated with a period of increasing
er0510fl from the (~t[hment as identified by depressions in valUES of

tind associated with elevated levels of calcium and dramatic
reductions in diatom concentrations from 60 cm to 18 cm.

vi) Nu appreciable land use change has occurred within the catchment
since the introduction of sheep by the Cistertian monastery. While sheep
numbers have increased in the area in recent years the documentary evidence
is not precise enough to assess whether the catchment has experienced a
significant increase in grazing pressure. No liming has tal:en plaCE within
the catchment and burning has not been a significant management practice.

vii} The acidification cannot be accounted for by land USE changes.
Instead, all the data indicate acid deposition as the cause of
acidlfication. The timing of the changes and trends of the atmospheric
pollution indicators (trace metals, magnetics~ carbonaceou5 particles) f

indicating local deposition of atmospheric pollutants, are consistent with
this view.
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8.0 Notes

1. NUl Nanteos papers. Correspondence, "ncatalogued.

2. See Patrick (19871 for definitions of 'land use' and 'land .anagement',

3. ADAS - Agricultural Development Advisory Service iHAFF). Manuscript
1'25,000 land capability maps accessed at ADAS Aberystwyth.

4. This clearance was described by Leland in 1536. He further described how
grazing by goats prevented the regeneration of woodland iToulmin Smith 1906).

5. A valuation of the Crosswood Estate in 1814 iNLW, Crosswood 1 1223, 11
660) suggested that no lime was used anywhere on the estate.

6. See Patrick 09B61 with regards to sources (and their interpretationl
used in documenting land use and land management change.

7. Tithe map and schedule for the parish of Caron IB42. PRO Kew, IR30 46/10 map D,

B. First edition surveyed IBB7 published 1891.
Second edition surveyed 1904 published 1906,
Provisional edition ammended 194B published 1953.

9. Manuscript held at London School of Economics archive.

10. Manuscript held at KOC 8eography Department, sheet no.

11. 1:25,000 land use maps and computer files containing data on land use
change, held at the Countryside Commission in Newtown, Powys.

12. NLW, Crosswood I 1233) II 660. 'Valuation of the Crosswood Estate by
John Murray'. May IBI4.

13. NLW, Crosswood I 1721 'Depositions by different persons touching the
Tynddole sheepwalk in the parish of 8wnnws belonging to the Earl of Lisburne
and disputed by the Crown', ca. 1857.

14. PRO Kew, class MAF 6B.

15. In the 1930s 5-6 farms on
8ynon were permanently occupied
only 'Tyn y' Cwm' is inhabited.

the track from Strata Florida to below Llyn
(W. Jones, V. Lloyd pers. comms.l. Today

16, These trends may currently be reversing as the use of winter feed blocks
and silage bags becomes increasingly prevalent in the Llyn 8ynon area.

17. Air Photograph Office, Welsh Office, Cardiff. Six inch series nos.
532/1213, 532/1214 (December 4th 19461. B85/3124, 885/3125, 8B5/3126,
B85/4064, 8B5/4065 (May 19th 19481.

lB. '8areg Lwyd' lies 0.75 km. to the west of the lake and was last
inhabited ca. 1940.

19. NLW 14, p.ol. Field plan and schedule of 8.reg Lwyd by Thomas 8riffiths 1831.
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