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Summary

1} Upre studies of diatomss, pollien, cheasisiry, carbonaceous pariicles and
magnetics together with 3 land use study have been congducted at Llyn Bynon,
Dyted. 6n upland, oligotrophic lake situated on the upland plateasuw sast of
fiberystuylh.

it The ®i9Fh inventory of the Llyn GBynon core is 2,45 tisss thal at Liyn
Hir and indicates possible sediment focussing in Llyn Bynon. & period  of
disturbance 15 revesled by a dislocation of the 2'®Pb profile betwsen ¥.75
com and 11.73 cm dated to around 1930, correlating with & peal in caloius
in the core chenistry record.

i1} The diatom based pH reconstructions suggest that the aH of Llye Gynon
was 5.9 - 6.7 throughout most of the history recorded in the core.
Plankionic diatoms were absent fros  the lake and the data suggest z fairly
stable fiora of attached circumneuiral and acidophilous tava. Acidification
gf  Livn Byson, marked by the expansion of JTabellaris guedriceptsta  and
Mavicula madumensis, did nol begin until B ¢m ca. 1943, The dats suggest z
ol deciine of 0.4 pH units between 1945 and 1985,

ivl The copre chemistry record demonsirates that trace metal contamination
cf the lake sediments began at 33 om (179078}, The record also suggestis 2
peryed of soil erceion 140 cm - 33 cmt before the dated part of the core
{pre-1800) which i1s asssoriated with a depression in values of lsoetes asnd &
diluticn of the diatom concentrations.

v} The contamination of the sedisents by carbonaceouvs particies commences
at I cm, vencurrent with the beginninge of trace metal contasination. The
cancentration of these particles increase rapidly from 8cm (3194478 and
gparallele the recent acidification of the lake as identified by the diaton

record. & similar frend is chown by the asgnetic datea.
1}  The pollen diagram reveals & wmajor hiatue in the zore at &0 om below
which sediments dating to approximately the els decline ‘approx  SG00 BLP.C

pecur,  Sedimentation hasg only recommenced within the last 250 vears,

vii} Mo appreciable land use change has occurred within t%ﬂ catohment

gince the introduction of sheep by the Cistercian monastsr o liming
Bag taken place within the catchment and burning hag not ﬁee% & significant
managemrsnt praciice.

vitzil the aridification cannot  be accounted for by land use changes.
fnstead, all the data indicate acid deposition a2z the CaUEER ot
gridification. The timing of the changes and trends of the atmospheric
pollution indicators f(trace metals, wmagnetics, carbonaceous pariticles),
indicating local deposition of atwmospheric poliutants, are consiztent with

thiz view.
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.0 Introduction

Surface water acidificetion is recognised &5 one of the most important
envirpnmental problems in Europe and North America, vyet despite the
pioneering work of Gorham on precipitation chemistry in Cumbria (Borhas
19581 the extent of acidification in the UK is still not known. In earlier
papers (Flower and DBattarbee (983, Battarbee et a]l. 1985, Jones et
al, 19861 we &ecstablished that 1lakes on granitic rocks in Galloway, South
Hest Scotland, were strongly acidified, and that the wmost likely cause of
the acridification was arcid deposition. We have now extended pur enguiry to
acid lazkes in MWales and other oparts of Scotland to test the general
hypothesis that clearwater lakes with pH values less than 5.5 occurrinag
within areas of high acid deposition are acidified due toc an increase in
arid depoeition over recent decades.

Llyn Gynon (Fig. 1}, one of the larger natural lakes on the highland plateaun
ot North Lardigenshire, was the second site chosen in Wales. The mean pH of
precipitation ic ca. 4.5 and the annual wet sulphate loading is 1.2 - 1.6 g
n=% yr>=? (Figs. 2 % 3}. The catchment is largely undisturbed, cosgrising
upland moorland and rough gracing for sheep. Sediment tores were ocbtained
in May 1985,

Bur approach involves the use of diatom analysic to reconstruct past
treande in pHy  ®'°Ph analysis to establish & lake sediment chrunoclogy:
geoschemical , magnetic and  “"soot® analysie fo trace the history of
atmospheric contamination; and pollen analysie and land-use history studies
to evaluate the influence of catchment changes on the past ecology of the
iake.
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2.0 Site details

2.1 Lake

Liyn Bynon, lying at over 4080 m and receiving rainfall ip excese of 20006 mg
yr=*. lies on the lower Palaeozeic Silurian siltstones an  the upland
plateau east of Aberyctuwyth. The lake occupiec & broad, irregular basin
consisting of two relastively small vet desp basins surrgunded by an
entensive shallow rim {Fig. 4). The lake has & volume of 333,835 a%, s

wf
3

mean depth of 2,18 & and displays minimal variation in water level (Table
1), The lake is chiefly fed by a stream from the porth, Nant Liethr-du, and
groundwater flews. Liyn Gynon ig drained by an easterly flowing river, Hant
Bruynog, into the Claerwen reservoir,

Tabhlie | Lake Characteristics

Area 232,550 m®

Yolume 533,835 a°
Maximum depth it m
Mean depth 2.18 =

4

F.0i.1 HWater chemictry

Available water chemistry $rom the lake is extremely limited and is
restricted to three spot samples taken in the course of the prezent study in
198% and 1986 (Table 2}. lLake oH varies #frowm 5,0-5.3 and has very low
allkalinities (1.2 - 2.0 mg Calls 1-%y. Dissolved &luminium levels ars
half those of Liyn Hir and Berwyn before lising {Underwond gt al. 198&).

2.1.2 Lake vegetation and invertebrates

#t present no information is available on either the macrophyie vegetation
pr the invertebrate populations of the lake.

Z.1.% Fishking history

Liyn Gynon has not  been stocked within livisg memory and still cupporis a
wild trout population that sigrates up the HNant Bruvnog from the Claerwen
syeten and yields catches averaging 0.9 pounds fish™* (6. Jones, H. tHorgan
DEFS. COBM. ).,

Lying on the estate of Strata Florida Abbey it is possible that the la«s was
ctocked by the Cistertian monks sometiame after the [2th ventury (Ward 19315,
John Leland passed through the area in the 15303 and reported that Liyn
Gynon contained both trout and eels (Toulmin Smith (904}, Cliffe (1850}
described the lake as ‘swarming with trout of excellent guality’. S:milar
terminology was employed by Hard (1931} te describe the fishing sone 70
years later.

Lopal residents recall that the lake attracted considerable numberz  of
British and continental anglers before (940, many of whom would camp at the
lake side {E. Davies, E. Edwards pers. conmn.}.

Owing to its remnteness little contrel has been ensrcised over the fieghing

rightc to the lake. The Hanteos Estate kept & boat on the lzke in the 1%th
century (13 but there is no evidence to suggest that the fizhing was

Ig
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Table 2.

Bate

27402785
14/01/88
23704784

Date

27702483
14701786
23704/86

Date

27102785
14701184
23764/88

Date

27702485
14/761/86
23704786

Lake chesiclry results for Liyn Bynon 19B5/1984

iH Lonductivity
20°C us cat
5.1 4.0
5.0 2%.0
5.3 39.0
Drihophosphate  Dissolved
Silica
$0,02 9. 80
0,02 ¢.80
wwwww §.73
Disspived Bissolved
Copper Cafsiva
0,005 §.83
4,006 8,78
6,003 -
Bissolved Husic
Hickel acig
{gy 1°%}
0.005 2.2
----- 219

Total Total
Oxidised Hardness
Hitrogen

8.2 £.5
g.1 i.0
0.4 w—
Dissplved Dissnlved
Suiphate Sodiua
tag 1~}
4,87 I.16
2,74 2.088
o 3.58%
Dissalved Bissolved
flusiniua Lead
fag I-%}
4,068 6.00%
0.054 16,002
0.05¢ eeeee

12

Frae
Larbon dioxide

Dissolved
Potassius

6.30
4,31
6.32

Bigsplved
Chrosiue

{6,003
{6,001

total
flkalinity

Dissolved
Calcius

.83
4,78
0. 8¢

Dissolved
Hanganese

§.21%
0.057
4.220

Lhioride

4
0
H

8

~ed  TFT EXe

3

Dissolved
finc

0.019
4.029
0,029

Bigsplved
iren

0.216
0,253
§.1%0



preserved. As part of the Claerwen reservoir catcheent the fiching rights
were pazsed to0 Hirmingham Corporation and later to the WWA.

2.2 Catchment

Liyn Gymon {252,530 m2) oreupies a shallow depression in the highland
plateay east of Aberwystwyth overiooking the Claesrwen reservoir. The
catchment (3,114,112 m®) is of low relief (Table 3} and is dominated by
acidic blanket peate and ceall amounts of Narduys#® grassland.

Table 3 Catchment Lharactericstics
Total catchment area 3,114,112 me
frez of land in catchment 2,868,862 n?
frea of lake 252,550 m=
Catchment/lake ratic 1,33
Haximum relief 10 e
2.2.1 Beology
Base poor, lower Palaepgzoic, Silurian mudstones and shales dominate the

getlogy (Fudeforth (9701, Detailed geoiogical mapping by the BGS iz not
aveilable but survevs are in progress nearby (R. Bazley pers. coem.!.

2.2.2 S8oils

Soils uwf the catchment belong to the Crowdy series {(1013a) and are chiefly
amorphous Molinia/Eriophorum blanket peats, The better drained,
Fectura/Nardus, slopes are dominated by soile of the Hirastheog series of
the Hatren aseociation (654al and are chiefly stagnopodzols and stagnobumic
gleys ({Rudeforth et al, 19B4). Typically these scils are thin (30-40
cml with a wet peaty surface horizon and bleached subsurface horizeons, often
with a thin irgnpan. Extensive peat hagoging is noticeable in the east of
the catohment by the outflow and 2 sizeable arsa of hagging exists on the
western side of the labke and may represent old peat cuttings.

2.2.% Fresent Vegetation

Catchment vegetation ic dominated by blanket peats consisting chigfly of
Molinias caerylea in the extensive nutrient-~rich flushes and Erdophorum
vadinatum & Sphagnum  f(e.g. S.cuspidatum, G§,papillosum & S.compactup!
communities in  wetter areas (Fig. 51, Polytrichuem commune, Aulocompium
paluetre ang Scirpus caespitosus are also CORBON. Areas of bettsr
drained slopes are dominated by Nardus stricta and Festucs ovina grassland.
Very little Calluna, Erica and Yaccinium myrtillus ig found in the catchaent
and those plants that are present are very old and almost moribund,
Pteridipr is not present within the catchment.

Nosenclature follows Tutin et al {1944-19B0}.

13
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3.0 Methods
I.0.1 Surveying

-
LR S

he lake was surveyed using the technigues described in  Stevenson gl
. 198%. Ghore surveying stations were located by the inflow and outflows,

F.1.2 ECpllecticn of sedigent cores and routine laboratory mpasurement

of

cediment chararcteristics

Eores were taken using a Machkereth mini-corer (Mackereth 1969) operated fros
an inflatable boat. Sampling wacs carried out during May 1985, Gynon 3 was
uzed for dating and analysis and GBynon 4 for PAH,

Core Gynon 3 (B9 tm) was extruded in the laboratory and the top 20 cm sliced
into 1/2 ¢m slices and the renmaining core at | cwm intervals. The sedipent
was then sub-sampled for dry weight, loss on ignition f{at  3530°C) and wet
dencity measursments.

Grnalyees  for dating, magnetice, cheaistry, carbonaceous particles, diaton
& pollen were all conducted according to the standard methods set cut
in Stevenson et al. (1987},

15



4,0 Resultce

4.1 Lake history

4.1.1 Sediment Deccription

The lpwermost sediment in the Llyn Gynon core is & fipe dark-brown organic
lake mud, with organic coentent (LOI} ranging from Z24% to 21% of the sediment
dry weight (Fig. &'. & sharp transitien to a3 =silty olive-brown cediment
with a lower organic content {11-25%} occurs at 40 com. Within this s=ilfy
sediment are several fine bands o0f roctlets ang fibrous plant material.
Above 30 cm the organic content of the sediment jncreasec again. Fercent
organic matter (LOI} ranges from 22 - 42% of the :zediment dry weight, with
the highest values between 9.0 and i8.5 ¢m. The contact between the lower
giilty sediment and the uppermost derk-brown organic sediment is gradusl.

4.1.2 2!'9ph dating

Sediments fros Gynon 3 were analysed for 2%py 0 22ep, Ly rmvpe by
gamma spectrometry thppleby et al. 1986}, The **%Ph  and 22&Ra
rezults are given in Table 4, and shown graphically inp Figs, 7 & 8. The
1370c results are given in Table 5 and Fig. 9. Table & gives values of 3
range 0f other radioisctopes determined from the gamma specira.

Table 7 compares  FPROPh oapd  *F7{s parameters for Llyn GBvnon with
correspunding  parameters from nearby Liyan Hir. The wunsupporited *:°Fh
concentration of the near surface sediments in Llyn Bynon ig  half that of
Llyn Hir, and indicatesz a basic sediment accumulation rate in Lliyn Gynon
twite that of Llyn Hir. The 2**ph  inventwry of the Llyn Bynon core is
2.4% tLimes that at Liyn Hir, and indicates possible zediment focussing in
Liyn Bynon. The combination of theee two factors has given rise to & net
zediment accumulation rate at the site of cere BYHN I over § times that at
Liyn Hir. This ig reflected in the values ot the 90% equijibrius dzpths,
i.e., the depths at which the Z:°pb dating parameters have fallen to 140%
of the <curface valus. These depths represent T4 vyearcs of sediment
srtumulation.

The 99% equilibriue depth for the Llyn Gynon core (representing 148 ye
spdiment accumulation) is about twice the 904 eguilibrium depth, & hi
suggests that over the past 150 yeare there has been no significant ne
change in the sediment accumulation rate. The mean eccumulation rate given
by these figures is  {¢.035g cm™® yr-'. Within this periocd there may well
have been sigrificant short term fluctuations in csediment accumulation, most
paotably in acspeiation with the non-linear kink in the unsupported 21°Fb
profile {(Fig. 8! between 9.75 cm and 11.73 cm. These depthe are dated
unambiguously by 2'9pp to ca. 1930, This episopde has not ceused  any
cignificant dislocation of the unsupported 2*°Ph profile, and may represent
a discontinuity in the process of sediment focussing dus to e.g. a slump.
The flattening of the 2'°Ph protile above 4.75 cm may represent & small
post~19484 acceleration in cediment accumulation.

34
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The *37(0s concentrations rise steeply towards the top of the core, with no
sign of the supected (963 peak. The surface concentration iz 34 pll g-*f,
ang i1s 1.33 times that at Llyn Hir, in spite of the higher sedigentation
rate. The *37Cs inpventory is 4 times that at Llyp Hir. G50% of the *®7Cc
inventory should post-date [963. This would put 1943 &t 4.5 cm, and it

16
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Table 4, 2Pk Data for Lore Bynon o,

Depth  Dry Mass 2'°Pp Concentration Cusul Unsupp Standard Errors 22603 Sté. Error
Total  Unsupporied 2L0pp Lencent. Cumul.  concentration
o] g ee”? pli gt pli g7 gli o™ fotel Uss.  Unz. pli g7 Tetal
.75 0,083 2830 22732 1,998 0,90 8.93  4.43 1,488 0.22
2I5 0 03ThE 21830 Z0.4BO 8,35 .16 (200 0,43 1,370 0,39
4,75 0,4883  20.38¢  19.471 15,494 0.84 0.BhF 0,82 4,949 0.1%
6.2%  0.9284 15,390 14.37% {B.540 100 1018 070 1014 0,29
L7 LI 9.930 .533 21,442 §.62 065 477 1.397 4,89
.75 LS9IT 4590 353 3560 0.55 0.3 0.8¢ 1,051 .18
1.7 19566 6,220 5,129 75.457 0,55 0.5 9,85 1,091 .17
14,75 2,435 5580 4, 5b4 27.77¢ 6,36 0.38  0.8% 1,014 4,11
17,75 2,983 .7kG £.73 29.349 0,37 4.1 0.9 1.026 0,43
2150 1.B4%4 1,690 6,491 36,381 0,22 06.23 0.95 0,999 0,08
8.5 A TI9R 0,940 -0.098 30,408 0,30 6.22 4.97 1,938 4,08
9B BLELT fA70 G507 36,772 0,28 030 1,00 (. 968 .10
B 66898 0.9% -0,733 30,897 .25 .27 L.04 1,233 4,10
; BLO543 0,590 1,027 36,001 6.20 .22 109 1.617 0.49
£.2194 29.82%

—g
33
facs
o
i
£

o Y370 datz for Lore Gynon 3

pth Dbry Mass  *3"lc concentration Cumalative *37(c  Fract
- g cas”? pbi gt /- pli a2 +/-

8,75 0.0839 34,4012 9.5 .85 445 .47
LI 076k 3t.97 4,70 12,3 L33 0,309
.75 06843 28,78 §.5% .77 £7F 0 (.538
8,25 0.9 24,59 d.b3 i (LB 0.694
7.1 12611 11.74 0.3t 3.9 .86 GBS
975 HREERE) 4.19 0.2¢ 3278 088 0,084
1173 1.9556 §.01 0,20 .8 ey 692
14,70 24357 3.4 014 39,06 090 0,943
17,75 209828 6,73 0.11 46,00 0.0 6.983
.50 3.8454 .28 G.06 49,42 0.90  0.999
2550 57194 6.060 0.490 46,46 6.9% 1.0
9.5 6171 0,00 .60 0.4 0.9 1.008
33.50 0 h.h498 0.64 0.00 0. 45 0.9 1000
.0 B.0D43 0.00 G.00 .46 0.5 1. 400
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Tabie 6. Other radivizotope date for Core Synon 3.

Dﬁﬁth 226F§.é ZSEE 2'553 235&: ZEE?%«‘ G"}K

or ply gt

0,75 1.49 0,00 0.tk 142 0.95 16,28

.75 LT R .40 0.34 [.44 13.82

.73 0.91 9,00 0,44 4,53 1.26 15.51

&.25 HE .40 4.9 0,60 0.74 17.79

7.7 140 0.00 U.14 0.8% 0.99 3219

.75 1.0% .80 0.09 0.¢7 0.75 19,44

11.78 L9 .60 0.08 0.48 §.93 20,78

14,75 1.6l G40 G.18 0.95 0.3¢ 18,20

.75 103 0.15 0.60 {.08 1,34 21,35

2.5 LG g.1e 3.13 0,95 1.37 19,34
25.50  1.04 4,30 0.13 0.87 .19 20.81

29.5¢ 0.7 0,754 0,12 0.92 0. 38 19,33
WEe LI 0,18 0.12 i 14 1.55 29,48

EY I ¥ 0.74 (05 1,42 1,25 J3.62

Tebie 7. Z'9Pb and 3%Ce marageters for Core Bynon 3.

Surface uncupp. Unsupp. 2*°PhL Hean #39Fh 28Rz 90Y Egqu. 997 Equ.  Surfape PR7Le 1IT0:
ZROBE concent. faventory Flux Lonc. Depth Bepth  concentreiion  Invesiory
pfig-t pli e ?  pEi cem® yrot pli gt g oee? grem? pbi g7t pli cpm?

Liyn Byaen 2.1 9.7 4.93 .16 2.58 5.09 J4.0 46,5
Liyn Hir 15,9 13.2 0.38 ¢.88 4,44 §.81 2.0 16,7
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reasonably consistent with the CRS model 2'°Ph chronolegy iFig. 10). There
ig & steep rise in **7(s concentrations between 9.75 ¢m  and 6.25% c©m, but
sigriticant values are recorded down to 15 cm. This can only bBe reconciled
with the Z!°ph  chronology by ascuming significant downwarde diffusion of
*®7Cs. A puzzling feature is the wuniformity of the 370 concentratione
between 9.75 cm and 14.7% ca, I+ this uniformity was causzed by a slump this
teature would be post 1934, raising doubte about the validity of the 2:9pj
chronclogy. Unlike Llyn Hir there wae no detectable amount of 25'fp ang
thic 1g precumably a further reflection of the generally high accumulation
rate in Liyn Gynon.

The chronology given in Table B ies based on the [CRG 2'°Ph dating model
{fippleby and Qldfield 1978}, In spite of the relatively high ??oFh
inventory the rate of ?'°Pb supply to the sediments appears to have hbeen
reasonably constant. Thisg is shown by the relatively good agreement between
the LRSS and CIC model dates, esxcept in older sediments where standard errors
become large. Where there have been fluctuations in sedimentation the CRE
model will generally give more conservative results than the CIC wmodel. LI
model dates are given in Table 9.

4,1.% Biatome and pH recensiruction

Biatom asnelyces were completed on the uppermost 72 cm of the Livn Gynon core
{6YN 3).  Gummary diatom profiles from Liyn Bynon are illustrated in Fig. it
& full diagram may be found in Appendix A.

Few floristic changes occur in  the lower 60 cm analysed from the Llyn Bynon
rore, The diatos aszeablage iz dominated by the circumnegtral tason
Fragilaria virescens, with moderate percentages of other circumnsutral tana
such as Cymbella gracilis, Anomoeoneis vitres, of avidophilous tana
ipcluding Tabellaria flocculosa, Frustulia rhomboides, F.rhomboides Yar.
ERYGRICA arnd Eunotia veneris and ot the alkaliphilous tfanon
Fragilaris construens var. pumila, The only significant floristic change in
these lowermost cediments is the decliine of the circumneuwtrel species
Achnanthes minuvtissima and Gomphonema gracile above 56 oo,

Thie Llyn Bynon diatom assemblage i1: quite similar to several of the
pre-acidification floras in the Galloway loths, particularly Loch Valley
(Flower et al, 1987} and the post-15th century flors of FERpund Lach of
Glenhead (Flower and Battarbee 1983}, although the  high percentages of
Frapilaria virescene are 0ot {found elsewhere. The near zbsence of &
planktonic flora throughout the core and the relatively low percentages of
alkaliphilous species indicate that Llyn Gynon has been soderately acid
throughout the history recorded by this core. pH reconstruction suggestis a
mean pH of between 5.9 & 6.2 (Fig. 11},

Between 40 and 18 cm diatom concentrations are exceedingly low ({Fig., 13}
suggesting low diatom production and/or & high sediment accumulation rate.
The concurrent depression of lsostes percentages {zee section 4.1.71
suggests high turbidity in the littoral zone caused by erasion, which shaded
macrophytee as well as littoral diatems and hence depressed production.
Loss-en-ignition values increase slightly din  this zone of low diatos
concentrations and could reflect gpeat erosion from  the catchment. pH
reconstructiens suggest a depression of lakewater pH between 48 and 24 oo,
reflected by slight increases in the abundance of acidophilous tana such as
Frustulia rhombpides, F. rhonpboides var. sanpnica, Eunotisa faba
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table 8. CES Model *'“Pb chronolony

Depth  Dry Hass  Cusul. Unsupp. Chrenology Sedimentation Rafe
opp Date fAge  5td. 8td.
Error
e g ra® pli w2 ab ¥r Error g e ® o oyrd 1
ALY 0. 0000 29.72 1985 ]
.56 8.0559 28,60 1984 t i 0.0397  0.29¢ a0
1.50 G.1937 25.3¢ 1986 ] ] 0.0377 0,254 5.4
2.50 . 3480 22.34 1974 g 2 0.0345  (LI33 6.3
3.50 0,497 19. t# 1971 14 2 ¢.0308 0,202 6.3
4.5 8. 6460 16.30 1966 19 7 0.0265 6.4 6.2
5.50 6,8044 $3.54 1966 25 Z 0.0258  6.157 7.5
&5 0.9705 1115 i954 I y; 6,0273  0.155 8.%
7.50 1. 1550 9.1§ 1947 38 2 G, 0317 6,148 2.4
8,50 1.3484 7.82 1982 43 2 0,043¢  0.226 12.5
9.5 1.5443 4,78 1938 47 2 0.0585 0,799 N
10,5 1.7299 .93 193y 52 3 0894 6,269 16,0
{1,580 19143 5. 1929 58 3 G.0353 0,205 13.7
£2.50 2.0754 4.3b 1923 &2 4 00288 G171 14,6
PILED 2. 2358 R 1917 68 i 0.0249 0,148 5.0
1450 2. 3558 2,85 194 74 5 0,020 {125 16.¢
15,50 25874 .32 1963 82 & R 1720 BENR OB SR 15,8
16.50 2743 i.BG 1893 %0 ] 0,078 G119 22.7
17,56 2. 9185 1.3% 1887 %8 9 0.0248 0.9 25,3
18,50 11381 L.Go 1B76  16% 12 G023 o.tig 36,5
19,54 33745 5.76 t8ed 120 17 00243 0.099 48.8
24,50 I.6400 .49 185F 13 2 ¢ 0483 (.08 B4
21,30 3,845 0,35 1842 143 28 0.0173  4.074 73.4
O Flag = 0.93 +/- 0,03 pli ca™?
30% Equilibriue fepth = 14.3 ce. or 2,40 g ca™®
¥9% Eguilibriup Depth = 2.6 ce. or 4,09 g co?
Taple 9. CIC Hodel 2%°Pt rhronology for Core Bynon 3,
Depth fry Hasc Unsupp. 219Pg Chronology Seisentation Rate
concentration  Date fge  Sid
Errar
LE g tg~? pti g7* AD ¥r g cgm® yro® s yrod
4,06 0, G000 22.9% 1985 i
0,75 ¢, OB 22.07 1984 i H 0. 0438 0.458
275 (. 3764 19.89 1980 5 3 0,0638 ¢.425
4.73 0, 843 19,12 1979 b 2 G,0378 0,242
8.25 4,9244 13.94 1969 14 3 4.0267 0,120
7.75 2011 8.24 1952 1 3 0.0287 G129
9.75 15919 3.9 1924 4 b 0.0437 0,232
11.75 1.9568 4,94 1936 49 5 0. 0545 . 285
14,75 2,438 §.48 (932 83 L] 0.0356 (.212
17,75 2.5873 f.bd {966 BS B ¢.0263 8,137
21,50 3.B454 G.62 16 16 17 0.0467 &, 204
25,50 4.7190 -0, £5 1856 138 ¥ §, 0867 §.211
29.50 S.8171 0.44 1671 B . B 0.0457 6,192

§0% Eguilibriuve Depth
991 Equilibrius Depth

t6.5 ¢ty or 275 g ca”®
3.7 ca. or 5.09 g £a™?

1
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ard Tabgllaris flogcruloga. This pH depression ceould be an  artefact of
the 1nwash of acidophilous diatoms living in catehment peats {e.g. Battarbes
& Flowsr 19841,

hbove 18 om diaton concentratione and lcoetes percentages rize,
suggesting reduced cediment tnwazh. The =slightly depressed calion
concentratione  {see section 4.1.4}) in thecse sediments &are &lso consistent
with the hypothesis of lowered erosion rates. The magnetic data {ssrtion

4.1.3) houwever, do not provide any evidence for decreaszed erosipn and the
higtorical data fsection 4.2.1% do not cuggest any late-{9th century change
in land uge that wight account for altered sediment inputs from the
catchment.

The most significant floristic change oocurs in the uppermost portion of the
Liyn Bynon core, beginning with an increase in the acidophilous Cymbells
perpueilia above 14 cm. Above & cm the acidobiontic taxe Iabgllaris

3]

guadriceptata ant Mavicula madumencisc ingrease sharply, ard
Anpmoeoneis vitrea, Fragilaria construyens VAr. pumils and
Cymbella gracilie decline in abundance. These changes, particulariy
the ENpanslon o Tabellaris guadricseptata, indicate gignificant
acidification of the lake. pH reconstructions (Fig. [!} suggest that this
reflects a decline pf 0.4 pH units in the uppermost 8 ¢m,  The high

1

values of Fragilaria wvirescen: found in the top half of the core  ar
thought to be the cause of the over-estimation of reconstructed pH, &
G.2 = 6.5 ot a pH unit, by the multiple regrecsion method.

¥

4.1.4

EXY

ediment chemicstry

Major Cationg

There are major changes in  sediment constitution within end below the dated
sgction of the core., Between 33 and 60 com  the sediment hag =z higher d
weight  and lower organic content than in the upper 33 om (Fig. &}, T
gedimentary magnesium, codium and potassiuve concentraiions are also highs
in thig interval. This suggecsts that the rate of erosion of ssteri ¥
the catchment was higher during this pericd. (Machereth 1984, Eng i
Wright 1983, pp27-34), This is before the dated portion of the core.

Hithin the dated section of the core { < 29 cad  the organic content
increases to 8 peak &t 14 cm and then decreases towards the zurface (Fig
1. There is & wminor peak at 10 cm. The 10 om pesh in organic conten

4
cotncides with a peek in dry weight and with peaks in concentration of
potassium {Fig. 13} and, especially, sodium and magnesium (Figs. 17 & 14}
There is alen a very small peak in the calcium proftile af this depth (Fig.
t&). Hzually the caicium profile does not reflect changes in erosion rates
from the catchment (Frit: et al. 1986, Kreiser et al. 198é4).

The peaks in magnesium, poutassium, sodium and dry weight srofiles at 10 cm
are wusually taken to indicate & vperiod of incresced ercsion from the
catchment {Mackersth 1966, Engestrom & Wright 19841, Thie iz partly
supported by a fluctusation in the steady accumulation rate of sediaent at 10
tm in Llyn Bynon {(Table B). Thie may be due to an increéase in sccumulation
rate or & discontimuity in sediment focussing in the lake. it ot

gierontinuity is 2 slump of wmaterial from z shallower area, then th
spdiment would be coarser fhigher dry weight! apnd would have higher zal
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vation concentrations. The chemical rezults suggests that a slusp might
have ocourred.

Trace metalce

Hickel behaves like potassium in the dated portion of the core (Fig., (7).
The peak around 10 com is the only feature on a teirly constant
concentration-depth profiie.

Zinc, lesd and copper have similar profiles (Figs., 18 -~ 20}, Helow about
3¢ tm the concentration ic censtant around background valueg of 137 ug In
g=t, 42 wug Pb g~t', 33 ug MHi g~ and 14 ug Cu g~'. These are typical
background values for frechwater sediments (Forstner 15771, Usging ths
concentrations expressed per gramme minerals zinc reaches 3dte maxinmus level
of contamination at % cm depih, lead at 7 and copper at 14 cm (Figs Zi,
223, Im the top & ¢e the zinc ceoncentration drops while lead concentrations
are constant, Apart from the very sediment surface the coppsr
conecentraetion-depth profile shape is gimilar to the organic content in the
upper 20 cm.

The ing, lead and to a lesser extent copper profiles indicate that the
zediment hac been contaminated by these ftrace metals above 50 om, This
depth i¢ below the dated part of the core but the maximum pericd of
contamination, from 9 to 17 ¢ corresponds to 1900 to 1938 ({Table Bi.

fn attempt can be made to ascribe & date to the 30 cae sediment level when
the trace metal results suggest contamination commenced, This wmust be done
carefully as three sediment properties {major cations, poellen & diatons
indicate that the erosion rate of wmaterial +$rom the catchsent began
decrease  at this level. In the absence of contamination, sedimentary tr
metal contentrations can  increase  when erceion rates fali. This has
chserved in Loch Dee (Rippey unpublished! and becasuse the erosion
changes were within the dated part of the core, trace metal fluses could be
veed to estimate the start of contamination and ite size. This approach,
however, cannot be used here as the changes are below the dated part of the
CLrE.,

Pl R BTl
TE o

b I
e T Qs

i

e

sediments when there iec no contaminatien. This iz the case wilh lead/z:
and potassium below 39 e depth in Llyn Bynon (Fig. 230, With lead there i
an  almest immediate change to a new relationship which reflects the
contamination regime, whereas, the change 15 more gradual with zinc., The
zinc versus potassium relationship during contaminatios is established
around 24 ~ 23 ce depth, In both cases, however, the departure from the
pre-contanination relationships starts arpund 30 com although the 1mitiasl
degree of lead contamination is higher than with zinc. The lead/zinc versus
sodivm behavicur is identical to lead/zinc versus potassium. Thiz analyzis
contirms that rontamination does cossence  around 30 ce depth. This depth
can only be daeted by extrapolation from the dated section of the core (Table
B} and corresponds roughly to 1725 A.0, This is a very sarly date and needs
somg comment.

Trace metzl and major ion concentrationse  are usually highly correliated
;o

-
(1L i S

The date is only a rough estimate as the sedisent level iz below the dated
part of the core. It ig alep at the end of & opericd whern chemsicael and
sicrofossil  evidence indicates that erosion rates from the catechment wers
higher., The sediment accumulation rates were presumably higher ther aslso
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and therefore 30 cem could be later than 1725 A.D. Llead contaaination b
been recorded in the sarly 18th century (Fletcher 19831 and it g the le

contamination that s wmost isportant  just  above the 30 ca level. T

contamination only betomes important later, arcund 25 om.

&
24

[N

H

id

It the eparly date is correct then this sensitive record of trace retsl
contamination may he due to the sediment focussing in Llyn Bynon. Trace
metals are incorporated into the fine-grained fraction of =sedisents
{Salomone & Forstner 1984, ppé%-761 and 1+ it ie this frectiocn that i
selectively focussed at the coring site fas is the case with =2°ph, 4.1.2
the net sedimentary trace metal concenirations would Be particularly high
there also. The effect is a magnification of the trace metal contamination
cignal. Without magnification, low level contamination would not be
detectable againet norma! envircnmental variations of trace metal
concentration.

e have found that copper profiles in the Scottish and Welsh lakes examined
enly chow low leveles of contamination fFrit: et al. 1986, Kreiser gf
al. 198&). This it alce the case here and above 20 cwm at the pealk of
contamination the profile appears to be more affected by changes in the
prganic matter content of the sediment. OF the four irace metals deterained
copper ie the one with the wmost affinity with natural organic compounds
{Tipping et al. 1987, Mantours et al. 1978, Davis & Lerckie 1978},

We car use the sediment chronplogy (Table B, density (Fig &}, dry weight
fFig. &% and trace ametal concentrations (Figs. 17 - 20} to calzulate the
contamination flures., Az the bachkground concentrations are before ths dated
porticn of the core we cannot caleulate ewsct background fluves. He tan uce
the constant =sediment accumulation rate measured in the upper 20 oo (33 &g
ce”® yrot) byt this must be done carefully.

[+3]
oo

eF [,,'? 3o

tlyn Gynon cshows sediment focussing and this may mot always 0
tonstent.  Furthermore, the meacured accumulation rate ig guite high
of =ediment focussing. The background value, for example, in Llyn Ha
mg o™ yr~t, We can uee the measured accumulation rate in Llyn Gyn
note  that  the background trace metal flunes  may be lower and
contamination fluxzes may be higher (Table 10},

T
1]
=

[
LR + T o o
[ S A I 1]
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Table 10, Sedimentary trace metal fluves mg m~ % yr—*
Background Hanimum Contamination
Iinc ol 137 87
Lead i3 100 85
Copper 1.5 i4 2.5

The contamination flures are typical of those found in other KWeleh and
Srottish lakes {(Frit: et al. 1984, Battarbee gt al. 198531.

The most likely cource of wmetal confamination in Liyn Bynon and the other
lakgs is atmospheric deposition. Hastewater sources in  these remote lshe
are most unlikely and the aormal background concentraticne i1ndicate tha
there is no mineralization in the Llyn Gynon catchment.

[l 111

The concentration of zinc falls in  the top & ©m whereass lead iz fairly
constant. The drop in zinc may be due to a decrease in  the +flux from ihe
atmosphere and/or a lower pH in the lakes. TYhie behaviour has been chserved
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in twp Secottish lakes {(Battarbee gt al. 1985, Rippey unpublicked! and one
other delsh lake (Fritz et al, 19B&). A drop in labe pH could cause a drop
in the sedimentation efficiency and/or releagse of zing from the zediment.
No eract pH can be given below which & wmetal iz desorbed from zedinment as
thic depends on the sediment constitution (Bemjamin et al. 1982} aithough it
ie recognised that =zinc is more susceptible to releazsze at lower pH  than
vther trace metale. TJinc tends to be decsorbed below pH 4.3 to 5.0 (Houvet &
korg 1982, Evang gt al. [98Z, Norton Y Heszs [98B0, White &
Driscoll $%87) but ez the diatom-inferred gH only drops fros 4.0 to 5.8 in
the top & cm (Fig. 11} it may be that there iz a drop in the flux of zing
from the atmosphere.

Sulphur

The sedimentary sulphur concentrations oscillate vrapidly, especially in the
upper 30 ¢m {Fig. 241. To assess if there is any pattern in the results the
values have been smpothed and this 1s indicated in the diagrasm by the
continugus line. Uhile there 1is now an indicatien that the sulphur
concentration rises at 30 cm as with zinc and lead ({(Figs. 1B & 19} the
trends are not very clear.

FaH

Arnelyses are at present being conducted but the resulis are not yvet
available

4.1.%. Carbonaceous particies "[CF®

The "CPY patiern +for Llyn Bynon, tllustrating the number of particlez per
gram dry sediment ig given in Fig. 25 & Table 10, It shows the precence of
carboneceous particles in small numbers at a depth of 32 cm  {ra. 1730
f.000. & smpoth rige in particles then occure to 8 cm (19401 subsequently
fpllowed by a very steep rice in concentration to the top of the core.

The pattern for the EF count in iferms of the organic content of dry sediment
iz given in Fig. 24. CF patterns expressed in terme of the organic fraction
of sediment {using LEOI) may be considered to be more precise than enpression
per gram dry weight as  the supply of organic material to ihe sedisent tends
to be more uniform over time than the dnput of mineral matter, which can
vary widely. Using LOI ag a base has the effect of ‘swmoothing® the Le
pattern, and this can be observed for Llyn Gynon. Qtherwize, the paitern iz
very similar to that in Fig. 25,

4.1.8 Magnetic Measurements

ey

Fig. 27 plots the results of ARM, SIRM and IRM measurements on the Bynon 3
cediment core. The right hand graph shows reverse figld ratiops (IRM.,/SIRM]
plotted against a horizontel scale of percentage reverse-saturation, Thus
€0 represents the point during DE demagretization at which IRN is zero and
100 rzpresents  the point at which IRM/SIRM iz ~1{. Fig. 28 plots
SIAM~IRM.2omr 88 a mass specific remanence versus depth. This is the best
available (albeit imperfect! ectimate of the changing concentration of

muitidomain "magrnetite’ in the core. Our unpublished evidence indicates
that thie iz often the best zingle "maghetic’ indicatuor of recent
anthropogenically derived atmospheritc deposition. Fig. 5 pluts

SIRM+IRM . yo0my also as a mass specific resanence versus depth., This is the



mg S/

600 v

CAE

Depth om

24. Variations in § gdw* for the Liyn Gynon 3 core

Sheppard five-term smoothing

35



9t

15945

184

Dapthiem} w
esbsbini

863

1853

No. of carbenaceous spherules
i>8um|per gramma dry sediment

wig* o

6 2 4 & 10 ?!2 4 16 & 20
i

b

1 ] i 1 ]

198%

14+

6 -

LR

28+

1842

§ Depth {cm)

k:

1853

30

32

38

40+

429

44 4

25. Carbonaceous particle record gdw ! for the Llyn Gynon 3 core

o, of carbonaceous spherules [>5:m| per gramme
prganic contgnt of dry sediment

4
4

x1¢?
0 20 30 40 50 £3 Y0 B0
[} 1 i i ) )

i’ 1

10
12 4
14
16 ~
18
20
27

24

U Ted | Homed uuuuu

a3
o
i
R

28
a0
32 «;
34
36
38 4
40
42
44
48 -

48-&

50 -

=

26. Carbonaceous particle record per gramme

mineral dry weight for the Liyn Gynon 3 core



Table 11: Larbonacepus particle analysis for Gynon 3

Mo, Carbonaceous
Particles

Depth per g per g
gry sed grganic

{em! » 10 content
» 107
0.5 - 1.0 14,06 51.9
1.5 -« 2,0 i9.39 77.0¢
2.3 - 3.0 15.86 &i.}
3.5 -« 4.0 17.00 69.2
4.5 -~ 5.0 i3.26 59.3
5.5 - 4.0 3.49 19.7
&.5 - TF,0 1.86 13.0
7.5 - 8.0 3.354 12.4
8.9 - 9.0 1.92 6.5
2.9 -~ 10.0 1.83 5.4
10.% - 11.0 1.38 4.7
1t.8% - 12.0 .32 4.1
12.5 - {3.0 1.09 3.0
1.5 - 14,0 1.46% 4.4
t4.5 - 15.0 . 25 3.5
15.8 - 16,0 0.98 3.0
16.5 - 17,0 0.54 1.7
i7.5 - 18.0 ¢.55 2.9
i8.5 - 19.0 G.56 2.2
20,0 - 21,0 G.60 2.0
22,0 - 23.0 06.514 1.8
24,0 - 25,0 0.258 .9
26.0 - 27.0 6.31 i.1
29.0 - 30.0 0.11 0,4
3.0 - 31.0 .09 0.3
2.0 -~ 33.C 0.13 6.6
4.0 ~ 35,0 - -
37.0 - 38.0 - -
40,0 - 41.0 G.04 0.3
43.0 - 44.¢ - -
46,0 -~ 47.0 0.04 0.3
49.0 - 50.0 - -
52.0 - 83,0 - -
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bezt available estimate of the changing concentration of ‘haematite’ in ithe
tore. SIRM-IRM.zomvy increases significantly between 20 tw and 17 cm and is
the main component in the SIRM increase., There are lesc significant andfor
less consistent increasses in SIRM+IRM-3oomr and ARH. The CHE ®'"Fb model
datez suggest that this increase ftakes place between 1860 and (890 AD.
dround % cmy, ARM, GIRM, SIAH-IRM.zom+ and GSIRH+IEM.scomr all increase
eharply., This level is dated toc ca. (750 RO,

in order to tect the  hypothesis that the magnetic properties of the sost
recent sediments can be accribed in part to an anthropogenically derived
component distinguishable from pre-industrial catchment inputs, several
crose~plots of normalized magnetic parameters were compiled (Figs. 30-3E}.
In each plet, samples below 17.3 cm, those from © to 17.3 om and those above

[ =4

S cm are separately distinguished.

Farameter ¥ ic SIRM + IRM.zscom+

Farameter Y is SIRM - IRM-zomv

gnd I iz BIRM/ARM. In  all tases the envelope of values for samples above 3
twm is indistinguishable from that for camples between 7.2 ca and 5 o,
However, both upper samples sets are relatively well distinguished from the
Towest., This is reflected mpst clearly in lowsr SIREM/ARM velues below (7.5
ci, though the extreme wvalues of parameteres ¥ and Y are aleo lowest below
thig depth. In rock magnetic terms, these changes point to a proportionally
kigher stablie single domain contribution in the lowest part of the core and
& proportiorally greater multidomain ferrimagnetic  (cf. magneiitel a
canted enti-~ferromagnetic {cf. thapmatitel contribution above. Thee
phservations, coupled with the obeserved increases in the concentrations o
these componente, are consistent with & dicstinctive and additional magnetic
input freoe the mid-late nineteenth century onwarde. The magnetic properties
themselves are consisient with the hyppthesic that thic coentribution is at
teast in part anthropogenically derived.  ‘bachkground’ wmagnetic deposition
from  the catchment gives EBIRK values of ca. 1 o 187% fAm?® kg™, Such values
are between one and two orders of magnitude higher than those recorded in
pre~indusirial ombrotrophic peats. It is  therefore oifticult, from these
measursment atone, to confire and guantify an anthropooenic  input. The
magnetic sccumulation rates raloculated wusing the 2'°Fh sedismentafion rate
are within the range chtained for recent peats from upland HBritain through
td. 4 times the rates abtained for nearby Llyn Hir, For the post-178¢
cediments the ‘multidomain magnetite’ accumulation rate gper &%, at
approsimated by SIRM-IRM.gzome, 15 arocund 1 » 1073 AmZ, This iz betwsen &
and 7 times the values for the early i9th century sediments at the site
{Fig. 33). Present evidence does not preclude the hypothesis that this
increass i3 at least in part, & function of anthropogenically derived
deposition especially since ca. 1960,

4.1.7 Ppllen
Early work on a2 blanket peat section from a site located on the northern

shore of the lake (Fig. 341 enpables insights to be gained into the Holocens
vegetational bistory of the area (Moore 1986, Moore & Chater 19469},
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Stratigraphic investigstions reveal a detailed story of plant succescion
within the catchment {Moore 19460, Initially, 2 Phraggites/Juncus rich
community became establizhed on an old stream bed. Subsequently Larex
rogtrats invaded and became dosinant, The sediment at this time 12 alsc
rich in macrefoseils of Betulg and Finus and appesrs to date from the Horead
perigd  (ca. BIGO B.P.I. Around 7000 B.P., an extensive alder vcarr
developed opver the cedge comeunity but gradually became less  abundant az

acid hbeg vegetstion, dominated by Mpolinie and Erjophorum, developed. 4
hiatug raused by the emplacement of & medieaval trackway arross the
peat curfare then exists in the section, A Marduys/Festuca grassland peat

is developed directly over the trackway, representing the present vegetation
ot the better drained, drier slopes.

the opollen diagram provides not only & detailed picture of the loccal
vegetation but alsoc an overview of the early-mid-Holocene vegetation of the
region. The initial sediments date from egarly EHoreal times and ars
characterissd by high peollen valugs of Betulz, Finue and Uimps., Busrcpe
values are low throughout., Locally, the early Phragmites / Cyperaceze
communities are reflected in high values of Gramineze and Cypersceas pollen.
& more mesotrophic macrophyte vegetation esxicted in the lake than at present
with Myriogphvllum alternidflorum, MH.verticillatum, Mymphaes and Bpargeniun
pellen recorded.

The late Horgal part of the diagram shows a pericd of increacing oak §

or
2% wvalues of Quercus pollen rige &t  the expense of Ulmue and Finus., 3Sal
becoses dominant in the local mareh community.  The onset of Atlantic tig

(vosh E.FL) s retlected by the characteriszstic rige in Alous  sventi u‘iy
dominating the local marsh vegetation. Throughout thig risge rudersl
pollen indicators =such az Flantsge lancepliata, F. major & RHumer arg alzco
prominent. Thisg occcurrence of ruderal plants with the alder rise has been
noted eleewhere and it has been suggested that anthropogenic interferesnce in

the vegetation aided the spreasd.of Alnus from its normal coastal  and wet
marsh hebitate (Bmith 1984},

The locel dominance of alder appears to be short lived and vaig&c geclin
once more ag values of peast-indicative peollen types increase &g, Lyperacede,
dphegrum, Fotentilla, BSucciss end Erivaceas. ALY the same time the eln
decline ocours  &nd  weed pollen wvalues, e.g. Flantago lanceclata, P.omajor
increase dramebically, reflecting the clearance of woodland fros the
catchment.

The mediaeval trackway then prevents any further insights into the
vegetation develcpment save for sediments above the trachway which are
cimilar to the present day polien rain from the current peat forming
communitien,

Gynen 3 lake raore

The summary pollen diagrame for the Gynon 3 sediament core iz &
Fige, 2% & 36 and concentration diagram for total pollen in Fig. 37. Full
pollen diagrams may be found in Appendin C.

A zonation of the diasgram was echieved wueing the gprocedurss of Gorden &

Birke {19721 and produced a thresfold ronation, the most important of which,
S8 om, indicsztes that a hiatus may exist in the sedisent record.
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BYNIT-1

This zene iz tharacterised by very high values of Quercus in asescistien
with Uimus. Evamination of the peatland summary diagram suggeste that the
catchment at  this pericd wae still forested with &an  open acid Buertus
woodland, Dating of thics zeone ig relatively imprecise but must post date
the alder rice at 7000 B.P. However, the high wvaluess of Buercus both on
the relative and concentration diagrams, together with the lack of evidence
af extensive blanket peatec within the catchment and the  high Ulmus
values, tends to suggest & period just before the elm decline, with the fall

in £lm at the very end ot the zone.

Follen records of macrophyies are common throughout the zone and suggest the
local presence of @& wmesoptrophic  Spargenium / Hymphaea community  and
torrelate well with the late Atlantic portion of the peat diagram.

The termination of the zone is marked by abrupt changes in the maior pollen
tvpes with wvalues of Buercus fallirg some 201 &s values of Calluns,
Cyperaceae  and Sphagnum all  increase. This feature is shown also on the
peatland supmary diagram and is even wmore marked on the total conceniration
dizgras whers total pellen concentrations decline twofold. The =zmne
houndary represents a hiatus in the sedisentary record with csedimesntation
and pollen accumulation only recommencing relatively recently {ca. (700
a.DLt.

ey
EIE'.W‘:““A;

)

Throughout  this zone valupe of fuercus and Ulmds are  low. The
iz deominated By blanket peat indicators such as Calluna, Cype
Sphapnus., Fpientilia and Buccisa, & feature also despnetrated
peatland summary diagram., Boutsz of anihropogenic inferference are she
the large peak:z in the vruderal indicators, Plantags lancsel
Fumey, a¢sociated with probable upland Napoleonit growing of ce
shown &y the lerge cereal peaks.
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The mesotrophic aguatic indicators are progressively loest during th
and  valuzs of the oligetrophic indicater, jgoeies, increace. & po
groeion feature 1e  demonstrated by the depression in Jsoetes values f
cwm - 20 oo oasescciated with high peatland values, 3 feature commpnly fo
many of the pther lakes in this study {(Fritz eif al. 19B&; fnde
al, 198&, Stevencon unpublished data!

bt

GYMI-3

The very rerent sedisents show a distinct Pipus rice from 8 cm, together
with the prezence of grains of Ficea, presumably derived fros the Towy
forest Iving some 4 ke to the south west. A spike in  the Pipnug and
Sphaopum curves at 20 ce could indicate a possible inwash horizon but doee
not appear to be reflected in the F'%Ph results. Betula valusg increace
and Guerrus values underge & contpmitant decline @id-way through the rone
and rould reflect further clearance and regeneration in  the valley bottoms.
Throvghout, ruderal pollen values are high and & further phase of ngarby
cereal growing is indicated by the cereal peak at 8 om.

Incressing oligotrophication pf  the lake or the relaxation of the inwash
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could explain the increasing values eof Icopetes which now deaminates  the
aguatic pollen values,

4.2 Langd use and managempnt |

3
ol

4.72.1 Land use

Bt over 404 m, on acidic soils, the Llyn Bynon catchment consistes of
unenclosed unimproved moorland utilicsed for rough grazing., The vegetation is
duminateo by Holinia and Festuca/MNardus grassland with Eriopheorus
vaginatum characterising the wetter areas {(sgpe Section 2.1.3, Fig., 31 and
may be characterised as ‘grassy heesth’ (2g. ¥King 1977, Ball et al.
g}

Im terms of the ADAS land capability classification {MAFF 1989 the land is
dominated by cvlass "HI' {improvements generally severely lisited but of
moderate or high present grazing value), with some ereaszs clasced as  "HE'
igenerally not improvable and of low present grazing valued (21,

Thic area of Walee witpessed 2 well documented woodland clearance st the
behest of Edward | following the MWelsh rebellion at the end of the I3tk
century {45, However, Moore and Chater (1969} consider this to have Gbeen =2
lpwland and foothill clearance. It 18 probeble that land at the altitude of
Livn Gynon hae been moorland for 2 far longer period.

During investigatipns in the peat deposits at the north shore of the lake,
Hoore (19484) identified the remaine of & stone siab trackway leading fronm
what he interpreted as a ‘mediasval farahouse’ to & ’huht@ toolier’
{constructed rot earlier than the 12th century) (Fig. 33}, Building meterizl
for the treckeway was probably obtained from & rudimentary querry adjacent to
the 'farmhouse’ (Fig. 33). The broad chronclogy of these features coincides
with the early exploitation of the area as grazing land by the Cistercians
ot Strats Florida from the late 12th century {(Williams 1889},

I+ the function of thesze remains has been correctly interpreted and son
permanent or zesi-permanent habitation was maintained in the cstchren
during the medigaval period, then a limited imgrovement of the moorland fronm
gnhanced grazing pressure on  land in  the iassediaste vicinity of the

‘dweliing , may have porourred perhaps regulated by enclosurels).

IS SO $1

The frontiers of rultivation and improved pasture reached their upper lisit
in Cardiganchire during the agricultural boom of the Napoleonic warg. The
rice in rents on the Crosswood and Nanteos Estates  {the holderz of grazing
rights over the Liyn Gynon catchment at this time) bears witnesg to  such
expansion locally {(Colyer 19763,

However, there is no svidence from documentary sources {cee belowl, from air
photographs or on the ground f{of relict enclosures, drainage or cultivation
featuree) to suggest that the catchment has ever supported a land use other
tharn rough moorland grazing.

It iz unreasonable to expect any atteapt to kave been made towards improving
the ascid moorland spile with lime. There was no limesione in Cardiganchire
and in the early (9th century lime cost lé&d. bushel™' at Aberystwyth {Davies

Vig

1818, & price which together with the cost of carrisge over bad roads,
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deterred the farmer from utilising lime on the home farm, let slone on  ih
remoter hille (cé. Rees I1B!S, Howell 19446) {5}. Contemporary farmers (eg. £
Edwards, W. Jones, ¥. Lloyd pers. comm.) confirm that sgricultural lise ha
not been applied to the catchment in living memory.

i

L2

Dorumentary evidence {43

The catchment lies within the parich of Carop-Uwch-Clawdd, The tithe map and
schedule of the canbined parish of Caron tCaron-fe~Llawdd and
Caron-Uwch-Llawdd combined! {7} idndicate that in the mid-19th century the
catchment comprised sheepwalls asspciated with farme belonging to  the
Nanteos {Powell} and Crosswood {Lisburnel Estates.

The first edition six inch GOrdnance Survey map of the area (zurveyed [8BHbLI,
and subseguent editions {B} show the cattheent to comsist of ‘rough aor
heathy pasture’.

The first Lang Utilisation Survey & inch manuscript map of 1933 {9) provides
no detail within the lake catchment, describing the area as "typical hill
sheepwal bk’ characterised by bent fescue, Molinia and Hardus.

The Second Land Utilization Survey & inch wmanuscript wmap of 1970 (1G5
inditates & vegetational tover identiczl to the contemporary situation, with
Festuca and Nardus on the drier ground and Ericphorum vagingtum dominating
the wetter areas (Fig., 57,

Afrialysiz pf primary data {3117 frem which the Countryside Commission’s
‘Mid-Wales Uplands Study” (Parry and Sinclair 198%) was compiled, confiracs
that the Llya Bynon catchment hac remained consistently within the "moorland
core’ of unimproved rough pasture since 1948, The closest land to have
experienced any documented cChange in land use lies 0.6 km. to the west of
the catchment,

Nun~agricultural land uce

Although it lies in the bGroad wicinity of the north Cerdiganshire lead
minimg vregion, there 1= no evidence froa deocumentary sources or on the
ground, to suggecst that any mineral was ever mined or prospected for, wilhin
the lake catchment.

4,2,.2 Land panagesent

Pasinralisnm

Fer much of the 18th and 1%th centuries Melsh black cattle were &n iaporiant
part of the pastoral economy of Cardiganshire {eg. Defoe 1735, Davies 1934},
Bithough =some moorland areas were grazed by cattle, i1t seems probable that
the Liyn Bynon catchment wae too high and remote te have regularly fulfilled
such a function,

it ig possible that uwntil their decline atter ca. 1730 (Condry (9B1}, guats
would have roamed the vicinity of the Llyn Gynon catchment {cf Leland 1334
in Toulmin Smith 19047,

In the garly 20th century 1t was o common practice for +tlocks of geese Lo be
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driven from ‘Fen-ddol-fawr’ farm fsome 4 ke to the west of the lsbel, fo
sumney grazing i(E. Davies, V. Lloyd pers. comsa.).

However, the central issup of land management in the catchment congerns
utilisation for sheep grazing. This praciice detes to st least the lsaife |2
century when the Cictercians of Strata Florida acquired the arsa znd ysed if
g rangeland fpr their flocks.

In the 1330e Leland described how the land in the vicinity wae treatsd ac
common grazing - ‘everyman thereabouts putting his beasts wupen it without
paying money’  {Toulmin Smith 1904).

Part of the Llyn Bynon caitcheent comprised sheepwalk o©f the Crosswood
Ectate. In (814 the Ectate's <cheepwalbs were surveyed and considered of
‘good quality, good and healihy for sheep’ but '§1] stocked and managed’

(82,
However, 1n {837 witnesses affirsed the practice of the Orocswond Estate of
strictiy preserving its grazing rights, keeping unauthorissed graziers and

even thoee with cosaocn rights off ite shespuwalks {137,

Bhepr numberes

ting to sheep numbers were drawn fros the annual parish returnz of
o Poat guinquennial intervals and are presented in Fig. I8, Hetwesn
£§7-1905 the dats relate to the combined parish of Caron (Daron-Unch-Clawdd
nd Caron-le-Clawdd!. HNet until the early 20th century ig  information
specificaliy available for Ceron-Uweoh-Clawdd, the parish within which the
Llyn Bynon catchaent lies.

Although they represent the source of information most applicable to the
Liyn Bynon catchment, the spatial resclution of these dats do not  peresit
catchment-specific sssertions tp be draen and their interpretatiocn is
hindered by several other censtraints. In particular they take 2 limited
acoount of changes 1n sheep type and no account of changes in grazing recime
iPetrick 19871,

Ho overall trend towards an  increase or decline in tobtal sheep nusmbsrs is
discernible from Fig. 3B, Furthermore, the increasing significance of suwes
and lambs at the expense of wether sheep over the last century, is not
really suggested from the trends in Fig. 38,

Within the Llyn Bynon catchment a broad increase in sheep numbers has been
recognised since ca. 1945 (E, Davies, H.Jd. Davies, E. Edward:z, W. Jones, V.
Lloyd pers. comm.t. It i estimated that the western part of the catchment
currently supports 1800 swes and 1000 laoambs between Hay and  Novesbsr (V.
Llovd pers. coam.l.

Apparent over a somewhat longer time scale hag been a change in grazing
regimes. A transition fros hardy wethers to ewes and lambs, the declining
viability and eventual abandonsent of the highest farms {15}, and the
greater availability and improved quality of winter grazing or  lower lands,
hae possibly resulied in fewer sheep over-wintering on the higher hills and
& shortening of the graring season at these altitudes {Patrick 1987 {1},

Marnipulation of data relating to sheep nusbers {Fig. 39} and area of rough
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grarirg from the parich statietics, allew the calculation of & very crude
trend ot changing stocking rates on unimproved land in the Llyn Gyron
tecality (Fig, I%!. These trends arg not catchment-specific and they assume
that all cheep are turned on to the hille {not an unressonable ascumption in
the summert. Furthermore, they take rno account of the changing impact on
grazing intensities conseguent upon the replacement of larger wethers by
ewes and laambs. However, they do suggest that es the area of rough grezing
hae declined f{primarily through atforecstation - thereg haz heen little
improvement of grassland in the parishes concerned! and the nupbers of shee

have risen, then the potential stocking density of csheep on the land
surrounding Llyn Bynon may have significantly incressed through the Z0th
century {at least in susmer months!l.

Braceland management

Liyn Bynon lies within the Cwm Ystwyith B8S851. In terms of land management the
NCC act in a consultative and adviscry capacity, but there iz no evidence to
cuggest that contesporary managesment practices have been significantly
altered as a result.

Burrming of grassland waz a reguliar practice in the catchment until the 1950s
¢ Davies, W. Jones, V. Linyd pers. commss.). Burning patterns may be

o

taintly distinguished Jfrom aerizl photographs {lows in §1948 (I73. The
provimity of the eutensive Towy forest to the south has made grassland fires
an inappropriate and rarely sanctioned method of land management in the area

Mrile the farm of 'Gareg Lwyd'  waee oprcupied areag ot Helinia in the
catchment were occasionally cut for hay to provide winter fodder.

Bubeigiary management prectices

Despite their reputation as sporting estates through the [9th and early Z4th
centuries, there is no evidence to suggest that the Crosswood or RNanteos
gztates actively managed the high land in the vicinity af Liyn EGynon for
game.

In the 19th century turbaries were established on the pests at the west of
the Llyn Gynon catchment., These peat cuttings are depicted on & map of
"Gareg Lwyd ™ of 1831 ({9} and were utilicged by the tenants of that fars (E.
Davigs, E.Edwards, V. Lloyd pers. comm.!. Evidence of their existence amay
stil! be pbserved.
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.0 Cpneiusions
i The uncupported 2**9%Ph concentration of the near surface sediments in
Llwn Gynon 18 bhalf that of Llyns Hir and indicates & basic accumulation rats
pf Zv that in Llyn Bir., The 2'°Pb  inventory of the Llyn Gynon core is
Z.8% timee that at Liyn Hir and indicaies possible sediment focussing in
Liyvn Gynon. The combination of these two facltore has given rice to 3 net

epdiment accumulation rate {Z.1mm yr—*} at the site of care GYN I aver &
timee that &t nearby Llyn MHir. & period of dicturbance is revealed by a
dislocation of the Z'°Ph profile between 9.70 ca and 18,78 e deted to
around 1930, correlating with 2 peak in calciuam in the core chemistry
record.

}
1y
¢

i1} The diatonm baged pH reconstructions csuggest that the pH of Llyn Gynon
wasz .9 - h.% throughout wmeost of the history recorded 1n the core.
Planktonic diatoms were absent from the lake and the dats suggest a fairly
stzble flora of attaehed circumnputral and acidephilous taxa. focidification
gf Liyn Gynon, wmarked by the eupansion of Tabellaria gusdriceptats and
Navicule wmadumepsis, did nst begin until 8 cm ca. 1945, The datz
sugopest & pH decline of (.4 pH units between 1942 and 19BE.

111} The core cheststry record demonstrates thal trace melal confamin
of the lake seciments began at 33 cm (1790°s). The record also sugge
seriod of goil srosion (60 cm - 7 tm! before the dated part of the &
{pre-18046Y  which is associated with a depression in values of [sgetss and
a diluticn of the diatom concentrations.

v} The contamination of the sediments by carboneceous particiecs
commences  at  TE cm, concurrent with  the beginnings of trace amstal
rontenination. The concentration of these particles incresse repidly fropm
Scm  {19440°s)  and parallels the recent acidification of the lake a

identified by the diates record. A similar tremd is shown by the magretic
data.

v} The pollen diagrap revesls a major hiatus in  the core at 60 com below
which csediments dating to approvimately the elm decline “approy 3000 B.F.
prour, Sgdimerntation has only recommenced within the lacst 259 vears. The
initiael period of sedimentation dc¢  ssgsoriated with & periecd of incressing
grosian from the catchment es identified by depressions  in values of
Isoetes and aszoristed with elevated levels of cralcium and dramatic
redurtions in diatos concentrations from 60 cm to 18 om.

vil No appreciable land use change haz ocrcurred within the catehasent
since the introduction of sheep by the Cistercian monsctery. Hhile sheep
numberes have increased in the area in recent years the documentary evidence
ig not precise enpugh to assess whether the catchment hag esperienced z
cigrificant intrease in grazing pressure. No liming has  taken place within
the catchment and burning has not been a significant management practice.

viil The scidification cannot be accounted for by land use changes,
Instead, =2}l the dats indirate acid deposition ae the cause of
acidification. The timing of the changes and trends of the stsospheric
pollution indicaters {trace metals, magnhetics, carbonatecus particlezd,
indicating local depocsition of atmospheric poliutanis, are consistent with
this viewu.
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H.¢ Hotes
i. NLW Nanteos papers. Correspondence, uncatalogusd.
2. See Patrick (1987} for definitions of ‘'land use’ and "land management .

3
i

. ADAS - Agricultural Development Advisory Service (MAFF). Manuscript
125,000 tand capability maps accessed at ADAS Aberystuvtih,

4. This tlearance was described by Leland in 15346, He further described how
grazing by goats prevented the regeneration of woodland (Toulmin Smith 1904).

3. A valuation of the Crosswood Estate in 1814 (NLW, Crosswood 1 {223, II
656G} suggested that no lime was used anywhere on the estate.

6., Bee Patrick (1984} with regards to sources f{and their interpretation}
used in documenting land use and land mamagement change.

7. Tithe map and schedule for the parish of Caron {B42. PRO Kew, IR3I0 44/10 map D.
8. First edition surveyed 1BB7 published 189!,
Second edition surveved 1904 published (906.
Provisional edition ammended 1948 published 1953,
Y. Manuscript held at London School of Economics archive.

10, Manuscript held at KBL Geography Departeent, sheet no._

i1, £:+25,000 land use maps and computer +$iles containing data on land use
change, held at the Countryside Commission in Newtown, Powys.

i2. NLW, Crosswood I 1233; Il 440, ~'Valuation of the Crosswond Estate by
John Murray'. May 1BI14.

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

14, PRO ¥ew, class MAF &B.
18, In the 1930s 5-6 +farms on the tractk from Gtrata Floride to belew Lliyn
Gynon were permanently occupied {W. Jones, V. Lloyd pers. cosss.). Today

only "Tyn y' Luwm’ is inhabited.

16, These trends say currently be reversing as the use of winter feed blocks
and silage bags becomes increasingly prevalent in the Llvn Gynon area.

17. Air Photograph Office, Melsh Office, Cardi$f. 8Bix inch sgeries nos,
53271213, 532/1214 (December 4th 1944}, BBS/3124, BBI/3{25, BA5/3124,
BBS/40464, BBS/40465 (May 15th 1%48).

iB8. 'Gareqg Lwyd' lies 0.73 ka&. to the west of the lake and was last
inhabited ca. [940.

19, NLW 14, p.6l. Field plan and schedule of Bareg Lwyd by Thomas GBriffiths 1831,
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