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i I The
Uyn Hir
yr -'i

Summary

2'OPb Chronology reveal. that the sediment accumulation rate in
has been extrelllely slow. (ca. b IIlg cm-2 yr-', 0.7 mm cm-2

i i ) A
years,
to the

clear acidification of Llyn Hir ha. occurred over the la.t 120
with a distinct accelaration beginning in the early 1940's, similar

acidification previously described in Galloway.

iiil The core chemistry record demonstrates that trace metal contamination
of the lake sediment; began at II ca (1880'.) and parallel. the
acidification recorded by the diatoms. Similar trends are shown by the
carbon.ceous cenosphere and magnetic data

ivi The pollen data and documentary evidence demonstrate that apart from
phasss of small amounts of soil erosion no appreciable land use change has
occurred within the catchment since the introduction of sheep by the
Cistercian monastery in the 12th century.

vi The acidification cannot be accounted for by land use changes. Instead,
all the data indicate acid deposition as the cause of acidification. The
timing of the changes and trends of the atmospheric pollution indicators
(trace metals, lIlagnetics, cenospheresi, indicating local deposition of
atmospheric pollutants, are consistent with this view.

vii Llyn Hir is the first Welsh site where recent lake acidification has
been clearly demonstrated.
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Ewplanation of abbreviations

ADAS Agriculturel and Development Advisory Service.
8GS British Geological Survey.
ITE Institute of Terremtial Ecology.
MAFF Ministry of Agriculture, Fisheries and Food.
NCC Nature Conservancy Council.
NLW National Library of Wales.
PAH Polyaromatic Hydrocarbons.
PRO Public Record Office.
SSSl Site 01 Special Scientific Interest.
UCL University College London
WWA Welsh Water Authority.
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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 work of Borham on precipitation chemistry in Cumbria <Borham
1958) the e~tent of acidification in the UK is still not known. In earlier
papers (Flower and Battarbee 1983, Battarbee et al. 1985, Jones et
al. 1986) we established that lakes on granitic rocks in Galloway, South
West Scotland, were strongly acidified and that the most likely cause of the
acidification was acid deposition. We have now extended our enquiry to
acid lakes in Wales and other parts of Scotland to test the general
hypothesis that clearwater lake. 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.

Our approach involves the use of diatom analyBis to reconstruct past pH
valuesl 210Pb analysis to establieh a lake sediment chronologYI
geochemical, magnetic and "soot" analysis to trace the history of
atmospheric contaminationl and pollen analysis and land-use history studies
to evaluate the influence of catchment changes on the past ecology of the
lake.

Llyn Hir, one of the Teifi pools in mid-Wales (Fig. 11, was the first site
chosen in Wales. It has recently been limed (Underwood et al. 1986),
but prior to liming it had a mean annual pH of 4.7 and had become fishless
in recent years. The catchment is largely undisturbed, comprising upland
moorland and rough grazing for sheep. Sediment cores were obtained in May
1984, a year before liming.

8
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2.0 Site details

2.1 Air quality

Llyn Hir experiences a moderately high acid and SUlphate loading (Figs.
2-31. So far Insufficient historical data are available to assess whether
there has been an Improvement in the pollution environment since 1973
associated with failing emissions.

2.2 Lake

The lake lies at an altitude of 435 m in an area which receives a rainfall
of 2000 mm yr-'. It is an elongated ('Llyn Hir' = 'long lake') narrow body
of water (surface area 0.05 km2 1, which drains a small catchment of 0.22
km2

• The detailed bathymetry (Fig. 41 reveals that it is composed of
three significant depositional basins two of which are separated by a
submerged rocky ridge. Overall, the lake has a mean depth of 2.9 m and
volume of ca. 136,000 m~ (Table I1 and displays minimal variation in water
level {Underwood et al. 19861. The drainage network is poorly formed and
no distinct Inflows exist. Most of the water movement Is by groundwater and
surface flow especially in 2 or 3 areas of very wet flushes dominated by
Erlophorum vaglnatum*. A single outflow drains the southern end of the
lake (mean daily flow = 0.13 m~s-' Underwood et al. 1986) feeding the
reservoir of Llyn Egnant.

Table I LAKE CHARACTERISTICS

Area
Volume

Maximum depth
Mean depth

2.2.1 Llmlng and water chemistry

48853 m2

136367 m3

8.8 m
2.79 m

Llyn Hir, together wlt~ Llyn Berwyn, was the subject of a limlng experiment
conducted by the WWA In the spring of 1985. Detailed results may be found
in Underwood et al. 1986. Before Ilming, pH at Llyn Hir varied between
4.5 & 5.1 with zero or very low levels of alkalinity and dissolved calcium
(0.5-1.2 mg 1-'1. After liming on the 1st & 2nd of April 1985 pH,
alkalinity and dissolved calcium all increaned nlgnlflcantly, while
dinsolved metal concentrations, especially aluminium, decreased as they
precipitated under the higher pH regime (Fig. 5, Appendix Al. SUbsequently,
pH, alkalinity and dissolved calcium all decreased again as calcium rich
lake water was lost down the outflow and replaced by acid groundwaters. The
lake was re-limed on 12/12/85 to bring the pH back up to 7.0 (Underwood et
al. 1986). Subsequently pH, alkalinity and dissolved calcium have all
decreased again but still remain at a higher level than before liming began
in 1985.

At Llyn Hir the
compressa with
Isoetes lacustris m.

principal macrophyte in the
Sparganium angustllollum,
being recorded to depths

littoral
Sphagnum

of 2-4

zone was Nardia
acutifolium and

44 species of

*Nomenclature follows Tutln et 1964-1980.
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LLYN HIR 8ATHYMETRY
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llYN HIR WATER CHEM!STRY, NOV. 1983 - MAR. f966

"
',0

~AJ~,",
!l.O .

li.
5,5

5.0 -

."
"-.J

',0

"1
g ",

\if2

~
"

"~8
30 I i ! I i i TT' i i ill

"
f "
< •
2-

i
~ , , , , I I I I

, I

~ ,) /\ ijvyJ ~'\r
I i~~
I '
I

Fig, 5, Bi-weekly lake chemistry results before and after liming (Dala supplied by WWA, Dr A GeeL

13



macro-invertebrate (Appendix SI wmrm recorded
liming, which arm all typical ot ollgotrophlc lakes
5,0 (B.Morrlson perm. comm.1

trom
with

the lakm prior to
a pH ot lemm than

Betor@ the liming study the Imke was r@gularlY stocked, but increasingly
with limited success. Attempts to stock from neutral water hatcheries failed
(Underwood et al. 1986), as did the introduction of the American Brook
Trout In the 1970s (Canary 1981). Serious deterioration of the fishery was
recognised by 1982 mnd by 1984 fish had all but disappeared (G. Jones
pers. comm.).

Llyn Hir lies on Imnd that was grantmd to thm Cimtercimn monks of Strata
Florida Abbey In 1184 (Wllllams 18891. Thm monkm mtockmd their lakes In this
region with trout from Shropmhire and other placem (Ward 1931), It Is
therefore pomsible that Llyn Hlr wam 11rst 'managed' as a flmhery as early
as the 12th century.

In the mid 16th Leland described Llyn Hir am being
trout and eelm' IToulmln Smith 19061.

entlful of

The lakem abovm Llyn Teifi were a popular flmhery {I} noted for their trout
and eelm In the 18305 lLeigh 18351, It was thm quality 01 the trout which
drew the attention of later commmntatorm. Cliffe (18601 demcrlbed them as
'large but rather shy', whereas Morgan (18741 considered the trout of the
Teifl Pools as being unsurpassed for their 1lavour (those in Llyn Hir ceuld
weigh up to four Ibm).

By 1860 the Cremsweod Estate 01 Lord LIsburne had obtained the 1ishlng
rights to the lake, although at thlm date It wam muggemted that the fimhlng
was not strictly preserved (Cllffe 1860), However, at later dates the Estate
is known to have mtocked the lake 18. Jonem pers. comm.l and maintained a
keeper on the lake shore In mummer months to protect the Teifi Pool
fimherles 1rom unauthorls@d anglers (21.

Thm C~rdig~nmhlre Water Bo~rd (now mubmummd Into the Welsh W~ter Authority 
WWAl acquired the l~ke In amsocl~tlon with the Llyn Egnant reservoir scheme
in the early 19605. Around thlm time the lake is remembered by contemporary
~nglers as supporting a good quality trout population that spawned at the
mlde of the lake Mnd provided catchem averaging 0.5 Ibs (G. Jone5, M. Morgan
pers. comm.l. The water authority ran th@ fishing In Llyn Hlr for a period
before letting the rlghtm to the Teifi Pool5 Angling AssoclMtion In 1981
(3}.

The late date of the fimhery decline may be misleading. It has been
suggmsted (M. Morgan pers. comm.l that Increased stocking of the lake from
the @arly 1960m result@d in an enhancmd fimhing premsure which took it5 toll
on the native stock. Thlm @arller d@terloratlon was however masked by
continued stocking.

It i5 apparmnt (allowing for the notorious Inexactitude of fl5hing
hlmtorlEs1 that Llyn Hir mupport@d a healthy and long emtabllmhed flmh
population. Howevmr, In recent year5 th@ lake dmtmrioratmd am a fishery
until by 1984 It WMS vlrtuMlly flshlems. Posmlble reasons for the poor

14



fishery status of the lake can be deduced from the water quality data,
fish toxicity arises from combinations of low pH, low calcium &
dissolved aluminium concentrations (O'Donnell et al. 1984),

since
high

Following the instigation of the WWA's timing programme in April 1985, the
lake was stocked with 300 brown trout and 300 rainbow trout with no apparent
mortalities (Underwood et al. 1986).

2.3 Catchment

Llyn Hir has a very small catchment (228,166 m2 ) of which the lake
occupies some 48,853 m2 (Table 2, Fig 6). As a consequence Llyn Hir has a
relatively large catchment. lake ratio (3.67), Thin soils and vegetation
cover most of the catchment but on some of the steeper slopes the underlying
rocks are exposed.

Tabl e 2 CATCHMENT CHARACTERISTICS

Total catchment area
Area of land in catchment

Area of lake
Catchment/lake ratio

Maximum relief

2.3.1 Geology

228166 m2

179313 m2

48853 m2

3.67
19 m

Base poor, lower Palae020ic, Silurian mudstones and shales dominate the
catchment lRudeforth 1970). These largely impermeable rocks are resistant
to chemical weathering and the drainage waters are of low hardness
(Underwood et al. 1986). Detail@d geological mapping is not yet
available, but unpUblished 1'10,000 maps are held by the BGS at
Aberystwyth.

Soils of the co,tchment belong to th, Hiraethog seri"" of the Hafren
association (6542) and are chiefly stagnopodzols and stagnohumic gleys
(Rudeforth et al. 19841. Typically these soils, characteristic of the
Nardus grassland, are thin (30-40 cm) with a wet peaty surface horizon and
bleached subsurface horizons, oft"n with a thin ironpan. In places
amorphous acid Sphagnum/Eriophorum peat has accumulated which is being
eroded at the southern and eastern sides of the lake.

2.3.3 Present Vegetation

Nardus stricta and Festuca ovina grassland dominate the catchment
vegetation (Fig, 71. Small areas of Eriophorum vaginatum and Sphagnum
(eg. S. cuspi datum, S. papi !losum and S. compactum) bog are restri cted to
the wettest flushes and incipient drainage channels. Molinia
caerul "a is resi ri cted to the more nutri ent rich wet fl "shes around the
edge of the lake. Polytrichum commune. Aulocomnium palustre and
Tri cophorum caespi tosus ar.. aho common. Very I it tIe Call una Is
found In the catchment and those plants that are pre"ent are very old and
almost moribund. pteridium is not present within the catchment.

15
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3.0 Method!O

The lake wa!O !Ourveyed using the techniques described in Stevenson et al.
1986. Shore surveying stations were located on opposite shores at the
narrowest section of the lake.

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

Cores were taken from both the north and south basins using a Mackereth
mini-corer lMackereth 1969) operated from an inflatable boat. Sampling was
carried out during July 1984. The south basin provided core IHIR I) which
was used for dating and analysis (Fig. 4).

Core HIR I (76 cml was extruded in the laboratory and mliced into I cm
mlicem. The top 50 cm of mediment was sub-sampled at I cm intervals for dry
weight, losm on ignition (at 550c Cl and wet density measurements. The
remaining 26 slices were subsampled at 2 cm intervals tor these analyses.

Analyses tor dating, magnetics, chemistry,
all conducted according to the standard
et al. (1986>'

moot, di atom!O
methods set out

8< poll en wer e
in Stevenson

A second core from the south basin, Hir
core, Hir 3, from the north ba!Oin
analysis.

18
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4.0 Results

4.1 Lake history

4.1.1. Sediment Description

The changes in the measured sediment characteristics are shown in Fig. 8.
The principal component of the sediment is a dark brown mud of organic
detritus, with most particles less than O.lmm in size. In appearance the
composition of the sediment seems uniform down the core although small scale
fluctuations in the organic content are apparent in the loss on ignition
profiles. In the sediment 9-13 cm below the surface there is a small amount
of fine sand which is reflected in the slight increase in the dry weight
percentages with a corresponding decrease in the percentage lost on
ignition.

4.1.2. 2.oPb dating

Sediments from Hir I were analysed for 2,opb, 226Ra and 137CS by gamma
spectrometry (Appleby et al. 19861. The 210Pb and 226Ra results are given
in Table 3, and shown graphically in Fig. 9. The 137CS results are given in
Table 4 and Fig. 10. Table 5 gives values of a range of other radioisotopes
determined from the gamma spectra. The 21°Pb results show that the
unsupported 2'OPb (plotted on a logarithmic scalel varies linearly with
depth, except for a dislocation of the profile between 10.5 cm and 15.5 cm,
Since 15.5 cm is dated 1858 by the CRS 21°Pb dating model (Appleby and
Oldfield 1978) and 1837 by the CIC model, it would appear that this feature
relates to a disturbance In the latter half of the 19th century. Fig. II
plots the 210Pb chronologies given by both dating models. Except for the
period of this disturbance there appears to have been a very slow sediment
accumulation rate of ca. 6 mg cm-2 yr- l and this is reflected in the high
21°Pb concentration In the near-surface sediments of 45.6 pCi g-l. The CRS
model indicates accelerated sediment accumulation rates during the period
IB75-1910, with a peak accumulation rate of ca. 37 mg cm-2 yr-' in IBBS, and
may be related to the construction of the cottage Isee note 2). The CIC
dates for this part of the core are older than the CRS dates, indicating
possible dilution of the unsupported 21°Pb by accelerated sedimentation.

The ' 37CS profile (Fig. 10) has a definite peak at 2.5 cm. The 24'Am
concentrations (Table 4), which also derive from nuclear weapons testing
fall-out, have a maximum values at 1.5 cm. Since 2 cm is dated by 21°Pb to
1964 it would appear that these features are associated with the 1963
fall-out peak. There are, however, significant ' 37Gs concentrations down to
15.5 cm, indicating considerable diffusion of this isotope.

The 2,oPb inventory of the core represents a mean 21°Pb flux of 0.3B pCi
cm-2 yr-'. This is within the range of values consistent with use of the
CRS model. The chronology given in Table 6 is based on the CRS model,
although as shown in Fig. 11, there is no significant disagreement with the
CIC model except at the lower depths. CIC model results are given in Table
7.
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LLYN HIR 1 SEDIMENT DATA PROFILES
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Table 3, 2>°Pb and "'Ra dab lor Core Hlr I

Depth Dry Man "oPh Conc CUI Unsupporhd Std Error. 22bRa Cone
Total Unsupported 2l0Pb Conc CUI

Cl , CI-2 pCl ,-' pCI g-' pC! CI-2 Total Uns Uns pC! g-'

0.50 0.0254 45.800 45.800 1.301 2.0B 2.0B 0.08 0.'00
1.50 0.088B 41>.440 45.352 4.191 1.62 1.65 0.20 I.OSB
2.50 0.1561 30.140 30.040 b.691 0.99 1.00 0.2. 0.700
3.50 0.2297 1'.970 19.473 8.4S5 0.7B 0.79 0.28 0.497
4.50 0.30B4 12.ltO It.m 9.b69 0.54 0.56 0.30 0.846
5.50 0.3907 7.390 6.3BI 10.379 0.75 0.7B 0.30 1.009
7.50 0.5660 2.470 1.807 11.019 0.19 0.20 0.32 0.663

10.50 0.8642 1.540 0.460 !I.m 0.23 0.25 0.33 1.080
15.50 1.4130 1.760 0.770 11. 683 0.23 0.25 0.35 0.990
20.50 1.9172 1.050 O.ltO 11.8B9 0.20 0.22 0.37 0.940
25.50 2.4055 1.020 -0.11>6 It.m 0.22 0.24 0.3B 1.IB6
53.50 5.0904 0.640 -0.056 It.53B 0.16 0.17 0.5fl 0.6%
54.00 5.1393 11.535

Table 4, "7C. and '·'A. dot. for Core Hlr I

Oeplh t37 C, concentration Cumulallve "7C. Fract ·"A. concentration Cuoul.tlve '·'A. Fract
c. pC! g-' +{- pC! c.-' +1- pCl ,-' +1- pCI CI-2 +1-

0.50 21.96 0.85 0.56 0.04 0.051 0.24 0.07 0.01 0.00 0.122
1.50 26.7b 0.70 2.10 0.10 0.192 0.31 0.06 0.02 0.00 0.469
2.50 27.Bl 0.54 3.93 0.14 0.360 0.23 0.04 0.04 O.Ol 0.B3l
3.50 21.96 0.45 5.76 0.17 0.527 0.00 0.00 0.05 0.01 1.000
4.50 12.51 0.29 7.0B 0.19 0.648 0.00 0.00 0.05 0.01 1.000
5.50 6.20 0.31 7.82 0.19 0.715 0.00 0.00 0.05 0.01 1.000
7.50 3.45 O.OB B.64 0.20 0.791 0.00 0.00 0.05 0.01 1.000

10.50 2.43 0.10 9.5! 0.21 0.870 0.00 0.00 0.05 0.01 1.000
15.50 1.22 O.OB 10.47 0.22 0.958 0.00 0.00 0.05 0.01 1.000
20.50 0.22 0.06 10.77 0.22 0.985 0.00 0.00 0.05 0.01 1.000
25.50 0.14 0.06 1Q.85 0.22 0.993 0.00 0.00 0.05 0.01 1.000
53.50 0.00 0.00 10.93 0.24 1.000 0.00 0.00 0.05 0.01 1.000

TableS Olher radioisolope dala lor core Hlr !

nepth 2:u'Ra ~~eu 2:S~U 228A( 229Th 'OK
co ipCi g-' I

0.50 0.00 0.30 0.26 0.00 0.96 0.00
1.50 1.09 0.00 0.10 0.09 1.93 11.30
2.50 0.70 0.98 0.26 0.70 1.03 7.39
3.50 0.50 0.00 0.23 0.23 Q.89 10.17
4.50 0.B5 0.00 0.09 0.04 0.B5 12.06
5.50 1.01 0.92 0.00 0.62 1.03 3.69
7.50 0.66 O.OB 0.11 0.33 0.42 12.49

10.50 1.08 1.02 0.11 0.74 0.61 20.35
15.50 0.99 0.47 0.11 0.71 1. OB 19.54
20.50 0.94 0.3B 0.09 0.58 1.40 20.96
25.50 1.19 0.72 O.IB 0.93 1.39 21.64
53.50 0.70 0.27 0.04 0.42 0.86 11. 78
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Table 6. "·Pb data and CRS calcul.ttd lenlmlnt .ge 'Bd accululatlon rite! lar Ihe Llyn Hir I sedi.ent cor.

Septh Tohl >!cPh CUluhlh. D.le ADe Dmdiiln! Accumulation rit. Shndard 2:u'Ra

Un!!Uppllrhd error
>!·Pb

ell pCI g-' C9-' AS yr D,E. !Ill cm-' 911 t pC! g-'

0.00 12.11 1984 0
0.50 45.800 10.e. nBO 4 2 1.4 1.25 5.7 0.900
1.50 4•• 440 1.94 1910 14 2 5.3 U2 5.8 I.OBB
2.50 30.140 5.311 195B 2. 2 5.5 0.1e 7.4 0.700
3.50 190970 3.55 1944 40 3 5•• 0.73 10.5 0.491
4.50 12.110 2.34 1931 53 5 •• 3 0,1f! 15.4 0.84.
5.50 1.390 1.61 Im 65 1 7.1 0.89 22.0 1.009
6.50 1.24 lm 13 9 IL1 1.211 28.b
7.50 2.470 0.95 1902 82 11 15.8 1.67 35.2 0.663
8.50 0.82 1"7 87 13 22.8 2.27 44.5
9.50 0.11 1893 91 15 29.8 2.88 53,8

10.50 1.540 0.01 1888 96 17 3U 3.48 63.2 1.080
1l.50 0.50 1882 102 19 31.3 2.96 72.6
12.50 0.42 !81. lOB 21 25.7 2.43 82.0
13.50 0.35 !870 m 24 20.2 1.91 91.4
14.50 0.29 1864 120 7. IU 1.39 100.8
15.50 1.11>0 0.24 1858 12. 28 9. I 0.86 1l0.2 0.990
20.50 1.050 0.940
25.50 1.020 1.181>
53.50 0.1>40 0.696
54.00

tinsupportmd "·Pb equilibrium d~th I, 18.! Cl

hbl~ 7, CIC c.lcul.l~d s~dlm!flt iij@ .nd accuoulation r.tei lor the Llyn Hie ! s~dilenl core.

Cu~uhtlve Bih Sidlmmnt iccumul.lion ral.

210Pb
u c.-' AB yr q (1-' U yr-1

0.00 51>.29 1984 0
0.50 45.85 1979 5 4.9 0.4
1.50 4b.B2 191>. 10 M 7.6
2.50 30.08 1953 31 4.9 1.0
3.50 19.89 1939 45 U 6.3
4.50 11.53 1921 .3 4.5 5.6
5.50 •• 55 1903 81 5.4 b.2
7.50 1.87 1863 121 13. I 13.9

10.50 0.51 1821 163 13.1 12.4
15.50 0.83 1837 m 13.1 12.5

991 .qulll bd u. • 15.0 co
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4.1.3. Diatoms and pH reconstruction

The diatom assemblage In the lower part of the Llyn Hir sediments (50 cm 
20 cm) is dominated by Cyclotella kutzingiana, Achnanthes
minutissima, and several Fragilaria species, with moderate percentages
of Melosira perglabra, M.perglabra var. florineae, Melosira
lirata, Anomoeoneis vitrea and a number of small Navicula species
(Fig. 121. This flora is very similar to the pre-acidificatlon flora of
Round Loch of Glenhead (Flower ~ Battarbee 19831, but the higher percentages
of alkaliphilous taxa, particularly small Fragilaria and Navicula
species yield a higher reconstructed pH (6.1 - 6.51 for Llyn Hir (Table 8)
in comparison with Round Loch. The only marked change In the flora during
this period is the gradual increase in Cyclotella kutzingiana
between 35 cm and 25 cm (approximately 1765-1830).

Table 81 Diatom-based pH reconstruct! ons for the base of the Uyn Hir Core

Depth Index B Index B Mul t!ple
Renberg ~ Hellberg Galloway Regression

10 6.1 6.0 6.1
12 6.1 6.0 6.2
14 6.3 6. I 6.4
16 6.5 6.4 6.5
18 6.2 6. I 6.1
20 6.4 6.3 6.4
25 6.3 6.2 6.4
30 6.3 6.2 6.5
35 6.2 6.1 6.5
40 6.3 6.2 6.3
45 6.3 6.2 6.5
50 6.3 6.2 6.4

Early in the 19th century percentages of Cyclotella kutzingiana, the
only planktonic taxon in the Llyn Hir sediments, gradually decline, reaching
very low values by the end of the century and remaining low throughout
subsequent lake history. This loss of diatom plankton has been observed in
the early stages of acidification in many lakes, including most of the
Galloway sites (Flower et al. in press). A Cyclotella decline occurs
at about the same time in Loch Dee and Loch Skerrow, situated partially on
non-granitic bedrock but occurs much earlier (ca. 1700 A.D.) at Round Loch
of Glenhead, wholly on granites.

pH reconstructions based on Indew B (Table 8) do not show a decrease in
lakewater pH associated with the eyclotella decline. This loss of plankton,
however, may be associated with a marked loss of alkalinity in response to
increased acid loading or alternatively could reflect some other change in
water chemistry.

Beginning early in the 20th century a series of changes in the diatom flora
suggest a progressive decrease in lake pH. A number of alkallphilous taxa
including Fragilaria brevi striata, F.construens var. venter and
Navicula semlnulum as well aB Navicula cf. vitiosa decline In
percent abundance, while Tabellarla flocculosa, Navicula
subtilissima and Eunotia veneris, taxa characteristic of acidic water,
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increase or first appear, SUbsequently, Achnanthes minutissima,
Anomoeoneis vltrea, Navicula indifferens, and Navicula cf.
spirata, decrease with concurrent increases in Frustulia rhomboides
and Nitzschia perpusilla and the appearance of the acidobiontic taxon
Tabellaria guadriseptata, A more abrupt change occurs in the upper tew
cm (post 1944) with distinct increases in Tabellaria
guadri septata, Navicul a subtill ss! ma, Frustull a rhomboi des var.
saxonica, and Cymbella sp, 1 and a decline in Fragilarla virescens
and Navicula bryophila, These floristic changes are remarkably similar
to those in the uppermost sediments of the Galloway lakes except for the
notable absence of Tabellaria binalis.

We are unable to reconstruct quantitatively these 20th century changes in pH
because of the high relative abundance (15-35%) of undesignated Navicula
species in the uppermost S cm of Llyn Hir, These taxa have not been tound
in the modern sediments of the Galloway lakes or in large quantity in any ot
the other Welsh lakeg so far, Congequently their pH tolerances are unknown,
which excludes them from the equations for pH reconstruction. Because these
Navicula taxa represent a large proportion of the total flora, their
exclusion produces a large error in the pH calculations, and hence we cannot
confidently reconstruct pH for theme samples. It is quite clear, however,
that Llyn Hir has undergone large pH changes tram ca, 6.1-6.5 in the 17th 
19th centuries to 4.5-5,1 in the early 1980's. The sharp post-1940
expansion of the acidobiontic taxa Tabellaria guadriseptata and
Navicula subtilismima which occur only in highly acidified lakes,
indicates that the pH decline has been most marked from this date.

4.1.4 Sediment chemistry

Figs. i3-25 and Appendix D present the whole-core chemistry for the Llyn Hir
core ..

Maj or cati ons

Below the dated part of the core <)20 cm) the basic sediment characteristics
(densl dry weight and IO!ls on ignitionl change little. However,
magne~ium, ~odium and potassium increase at 36-37 cm depth (Figs. 13-151.
This suggests some catchment disturbance at this early date, possibly an
increase in erosion rate (Mackereth 1966, Engstrom ~ Wright 19841. The
pollen results also indicate catchment disturbance at this depth (section
4. L 7).

The magnesium, sodium and potassium concentrations decrease above 10-11 cm.
This may be a change to a somewhat lower erosion regime, The soil erosion
period between iO and 15 cm, indicated by the dry weight and loss on
ignition (4.1.1), 2,oPb (4.1,2) and pollen results (4.1,7), is not
reflected in the major cations.

Calcium profiles are commonly different from the other major ions, as is the
case here <Fig, 16). One feature, the concentration peak at 6-7 cm, is
emphasised when the concentrations are expressed per gram minerals and it
coincides with a loss on ignition peak (Fig. 8l. In dilute waters, natural
organic matter preferentially complexes calcium ions (Stumm ~ Morgan 1981;
pp 643-645, Sayles ~ Mangelsdorf 1977), so it may be that the increase and
decrease of sediment organic matter above 10 cm increases and decreases the
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f::ill::luffi ilsdl
fll!iIlturl1l.

The major cilltion results indicate that in the absence of inputs of trace
metals from thil! atmosphli!re thm trace metal concentrations might decrease in
the upper 10 cm OF sO of the iledimmnt, The leild, zinc ilnd copper
concentrations do, however, increase strongly above 11-12 cm (1882 AD) and
indicate contamination of thm sedimmnt (Figil. 18-201. The nickel flux from
the atmosphere is low but thll! low slI!diment accumulation rate in Llyn Hir
means that this c flux is not obscured ill higher catchment flux
as is the case in other lillkes. So in Llyn Hir, nickel shows ill small peak in
concentration at 4-5 cm.

the

trace,The background
" 23 ug Pb

mineralization in

metal concentrations, below 20
and 23 ug Ni g-'l Show

catchment.

cm
that

, 036 ug Zn
there is no

In the 5 cm, the lead, nickel and zinc concentrations either or
stop increasing. This could be the result of a decrease in the atmospheric
flux of these metals and with linc there could also be a pH-induced decrease
in net sedimentation efficiency. This could be a lower pH in the water
column impoverishing sedimenting materi.l in zinc andlor release from the
sediment after depol>ition, llie have found this feature at the top of two
sedi ment ccwes in Galloway.

The iron and manganel>e concentrations are fairly conl>tant except at the top
where there is diagenetic remobilis.tion (Figs. 21 and 221. The manganese
mobilisation extends further into the sediment than with iron and the rise
in conc@ntration of both metals towards the sediment surface is roughly
ex ial. Both these features are expected during anoxic diagenesls.

alwaylll lllllldiment in thE! top 10 cm of the core for
on all samples, so the sui ile shape is not well

thE! surfacE!. NevO!rti1elO!IllS, within this limitation, the
concentnations inCredlU! above about 10 cm, which is just

at which the tr€!c", m",tal concentrations increallle.
sulphur and traclll metal concentrations arlll coincident.

There was not
sulphur analysis
defined towards
sedi sui
a little above the
The of

In summary, the zinc, lead, copper and sui sedim",nt€!ry proHles indicate
that Llyn Hir has rlllclllived material from the atmosphere beginning at 11-12
cm (1882 AD), The size of theme hrlDplJQilnic flux€!s ~re givO!n in Table 9
and th€! trace metal air flUMes are mimilar to thOSlll me€!.ured in two Galloway
lakes which have bellln €!cidified by atmospheric deposition.
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Table 9, Enhancement of trace metal fluxefi caufied by anthropogenic
acti vHiefi

Element

zinc
lead
copper
sulphur

PAH

Background f! w:
mg m- 2 yr-'

17
3
2.2

220

Max i mum 11 u>:
mg m-2 yr -,

85
42
9.3

740

Anthropogenic flux
mg m-2 yr-'

68
39

7,1
520

As yet the analyses tor PAH have not been completed and the results will
follow.

4.1.5. Carbonaceous cen05pheres "Soot"

The "soot" pattern far Llyn Hir, illustrating the number of particles per
gram dry sediment is given in Fig. 26 and Table 10. It shows the presence
of soot in small numbers at a depth of 25 cm. There is a slight peak at
i7-18 cm. Another increase is marked at 7-8 cm, and the onset at a trend of
rapidly increasing counts commences at 4 cm, continuing to the surface.

The pattern for the soot count in terms of the organic content of dry
sediment is given in Fig. 27. Soot patterns expressed in terms of the
organic traction of sediment (using LOll may be considered to be more
precise than expression per gram dry weight as the supply of organic
material to the sediment tends to be mare uniform aver time than the input
of mineral matter, which can vary widely. Using LOl as a base has the
effect of 'smoothing' the soot pattern, and this can be observed tor Llyn
Hir. Otherwise, the pattern is very similar to that In Fig. 26.

4.1.6. Magnetic Measurements

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

Lake sediment profiles

The profile from the south basin of Llyn Hir (Fig. 28a) is based on samples
from the same core that has yielded the chronological, geochemical and
palaeoecological results from the site. Below 10 cm, magnetic measurements
are exceptionally low (SIRM 200 x 10-& Am- 2 kg- 1

). SlRM/ARM is also
low though rising gently above 22 cm. The reverse field'S' ratios each
vary within rather narrow limits and with few significant trends over more
than 2-3 samples. These results point to an exceptionally low and
relatively constant flux of catchment derived magnetic minerals to the
sediment.

Above 8-10 cm SIRM values rise at
more suddenl y to peal< viill ues.
around 4-7 cm there is a peak in

first rather gently up to 3 cm, and then
Coincident with the intermediate values

SIRM!ARM values together with distinctive
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TablO!! 10, HSoot!l Analymh for Hir I

No. Cilrbonacliloum
Cenol1>ph",r",,.

Depth plilr 9 per 9
dry $led organic

(cm) x 10" content
x 10"'

0-1 26.12 67.7
1-2 24.77 60.9
2-3 10.05 25.1
3-4 10.04 23.1
4-5 4.90 10.9
5-6 4.10 8.7
6-7
7-8 1.72 3.9
8-9 0.83 2.1
9-10 0.45 1.2

10-11 0.30 0.9
11-12 0.40 1.3
12-13 0.06 0.2
13-14 0.14 0.4
14-15 0.04 0.1
15-16 0.25 0.7
16-17 0.06 0.2
17-18 0.82 2.3
18-19 0.53 1.5
19-20 0.24 0.7
20-21 0.23 0.7
21-22 0.39 1.2
22-23 0.28 0.8
24-25 0.36 1.0
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v~rL~tLons In'S'
IRM-'oom,/8IRM.
r~tlos decline to low v~luem,

Lnvolvln; pe~km 01 h~rdnemm, empecl~lly In
n ~t thm mur1acm ~nd th~ r~v~r6~ 1i@ld

Th@ lie 1rom the north b~min (Fig, 28b) h~6 hi gnd more v~riable

SIRM value$ below the n~ar-mur1ace Increaee, The value$ around 20cm
ar~ associated with hi SIRM/ARM and r~lativ~ly hard r~manence,

$uggesting the relatively i of a ha~matite component in the
catchment derived c min~ralm, Above ca, 7 cm, the chenges in SIRM,
SIRM/ARM and'S' lel v~ry clo$ely tho$e abov~ 8 cm In the north ba$in
core and correlation may be a$ follows IT~ble 11).

Table 11.

South {cm)
o

1.5
4.5
7.5

North Icm)
I

2-3
5-6

8

~re

cm in
the

The peak SIRM/ARM value$ which mark the $urface e In the north basin
core are absent from that In the mouth bamin. The bili that the most
recent ~edlment Is ml~slng In th&t core cannot be excluded.

According to the chronology c&lculated from z,oPb analyses on the south
basl n core, these I el I n the cent! metre or I ess of each
core begin around the first decade 01 thl~ The softening of the
reverse field ratios and final SIRM rise to values In the 3 cm

ns around 1950 AD. These r~cent are tentatively interpreted
below In the li 01 the data from the two peat iles.

iles (Figs, 29a ~ 29b) show minimum values at the very base 160 x
Am~2 1) • Above thi s, 51 i I Y increased val ue5

ed SIRM/ARM and harder '5' ratios, between 22-28
the 'Foal' and 24-28 cm In the 'Hummock', Above this, in
hummock, SIRM values remain rather low, then rise y to a nt of st,,@o
increase at II cm, Thi~ feature coincides with an Increase In SIRM/ARM
which along with SIRM in the 4 cm. The same features are
present In the lie the Inflexion In the rising SIRM values
is less marked. Once mare SIRM/ARM in the es, In each

lie there I~ at least one e marked by te hi SIRM and very soft
'S' values IB-9 cm In the hummock, ~nd 4-6 cm in the )

In view 01 the large volume of lehed data from and peat eltes
throughout mo~t of northwe$t th,? major fli1ature~ above 2B cm j n both

i les can be i as the 'effects of the Hon from the
of cles resulting from induetrial processes such as

fossil (liar gel y <solid) fuel combustion, I ran and eteel manufacture and
non-ferrous metal smelting, Sites I northern and and southwest
Scotland for which direct chronologle~ are available suggest that the nhl'~p

up to 11 cm in the hummock and ca. 10 cm In the dates from the 19th and
first half of the 20th The characteristic steep rise to SIRM
and SIRM/ARM values at ham been dated to around 1950 AD at these
sites. The si " lonally ~oft 'S' values are comparable

38



100
S
50o

SlIlMiAllM

25,4

10

Uvn Hi' I LakelSouth Basinl
ARMOO·AmlKgll smM~10·AmlKgll

o 445,8 0 6212J 0

~~~=H~.

Ui 111 ; n
Qj L I
::irtlEO

...... 0::: .:::'
t'(itJl- .......
> (jj

" ~ 1>-_ E
.;..Jrncclf1

> -....,
.... ID c
..0 III ....... W
.... U ., E
-oJC fill
0.. W C' L
l1J eN:::;
u '1i 1 Ul
U'lE:Err:i
::J tll 0::: 111
mo:-E

Il<
E U
n: c
~ Il<

'" C--. '"
" EE (jj

~: L

o 0
I I-

....,EIl<
00::: t-J--a. 11

Cl
co

"'"'

f' 7 i tlt
E O'l c.r.: illU _ ~

UJ tl ID
E ~ >

o{I u E l1J
I (!lOCL
o ....-I.e m ......

I ...... ~
l!l 0 M:::;
1"&_ E't-

-,

" '"I •
(jj
o .

:r.
o

.... E C
o,oJO:O

... f'(i ""'" .....
! L m.....,
Gl ......, Iti

" ,..
E "c.tJ
C' Iti

ill

A

A

B

lake cores.

lOO

100
I

III

S
50
I

S
50

and

o

I
-1

I

~
J
i

SlIlMiAllM

1531

o

the Llyn Hir I

SIRM ilO' Am 1 Kg lj

o 107,t8 011----
o I

ARM (10'" AmI Kg 11

() 116

G~

20

Uyn Hi' Lake (North Basinl

ARJYllnr' Am J kg'l SIRM (Hr' Am! Kgll
o 226,6 0 62640

~~~~R==>:-==;:tl~

Fig.28 Magnetic measurements for
Uyn Hi' Hummock

Fig. 29. Magnetic measuremenls for pool and hummock peals in the llyn Hir catchments



to those elsewhere mffected
evidence does not mpp@mr to

burning, although the documentary

Clearly there im a marked parallelism between the magnetic measurements from
the top 8 cm of the lake sediment profiles and those from the top 28 cm of
the blanket peat. Despite the much more rapid accumulation rate in the
peats, an apparently similar sequence of changes is recorded in all the
cores. Such chronological evidence as i" available - direct for lake
sediments, but indirect only for the peats is compatible with the
hypothmsis that these change" are synchronous between profiles. This
prompts the inference that in the case of the lake, and especially the north
basin, the flux of cmtchment derived mmgnetic minerals is so low that the
20th century record is do~inated by atmospherically derived deposition
reflecting the industrial history of areas qUite remote from the site.
Despite the parallel" and the "trong circumstantial evidence, this
hypothesis requires more direct confirmation through examination of magnetic
extracts from the recent lake sediments by means of Scanning Electron
Microscopy. This allows unambiguous identification of the industrially
derived component in the magnetic record.

4. I. 7. Poll en---
Figs. 30 and 31 pre",,,,t summary poll ..n diagrams of the Uyn Hir core.
Appendix E contains the full pollen di"gr-am.

The tree len diagram from Llyn Hir shows remarkably little change over
the course of the core. The pine rise from 15-20 cm towards the top is the
only major change. This rise reflects initially the ad hoc
reafforestation of some of upland central Wales (Mal kin 1807) followed by an
accelerated programme of afforestation with pine, primmrily lodgepole pine.
(Pinus contorta) by the Forestry Commission from the early 1940's
onwards. The rise is in direct agreement with the available 21°Pb dating
of the core. Most of the record of Fagus pollen appears to be derived
from hedgerows rather than mature woodland stands, for Fagus is the
dominant component of hedgerows in the area.

Catchment derived len chmnges throughout the core are limited and agree
well with the overall lack of change identified the current land-use
survey. Throughout the core, however, three phases of disturbance can be
identi fled, Two of these correl ate well with di stur'bances i ndi cated by the
210Pb and core chemistry data. Within the dated portion of the core. 0-25
cm, a peak of th12 pastoral indicator, Plantago lanceolata is correlated
with a dlslocation of the 2.oPb proflle, a phase of increased "ediment
accumulation rate and eA decline in valuem of len, a combination
consistent with a phase of soil erosion.

An "ar-ller phase of disturbance, below the dated portion of the core, is
also indicated by a second p",ak in the pastoral indicator, Plantago
lanceolata, b",ginning at 40 cm while values of the aquatic macrophyte
l"oetes declin" markedly. This feature is also picked up by the whole
core chemi with enhanced values of sodium, potassium and magnesium. The
combi nat! Or> of the,.e event,. is agai n consi stent with a phase of di sturbance
including soi I erosion which incr"a"ed the turbidi of the lake, thereby,
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advlllr siIII y "f hct! nil thll I"ollh" popuht Ion",. A furthillr pillaK crf Planhgo
lanceoht" at eo cm dolts not app"ar to havlI r""ulted In a pha"e of soil
erosion as valutl!§ 01 modium, magnesium iand potassium remain low and the
Isoetes pollen record remain" high.

4.2 Land-use and Management (4}

4.2. I Land-use

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

There is no evidence to associate the original deforestation of the
catchment with the well documented clearance of woodland ordered by Edward
I after the Welsh rebellion at the end of the 13th century (5}. Moore and
Chater (1969) consider this to have been a lowland and foothill clearance.
It is probable that land at the elevation of Llyn Hir had been open moorland
for a far longer period.

In terms of
compri se!! land
of moder ate or

the ADAS (6} Land Capability Cla"sification the catchment
of category H3 - 'improvements generally severely limited but
high grazing value' (MAFF 1980).

The frontiers of cultivation and improved pasture reached their upper limit
in Cardigan"hire 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 Hir catchment at this time) bears witness to such
expansion locally (Colyer 1976). However, there is no evidence from
documentary sources (see below), from air photographs or on the ground (of
relict enclosures, drainage or cultivation features) to suggest that the
catchment has ever supported a land u"e other than rough moorland grazing.

It is unlikely that any attempt was madm to improve the acid moorland
soilm with lime. There wam no limestone in Cardiganshire, and furthermore
the high cost of lime in the early 19th century (Davies 1815), together with
the cost of carriage over bad roads, deterred farmers from utilising lime on
the home farm, let alone on the remoter hills (cf. Rees 1815, Howell 1946)
(n. Contemporary farmer" (eg. H. Owen and W. Owen pers. comms.) and
authorities (eg. R. Davies and C. Evans pers. comms.) confirm that
agricultural lime ham not been applied to the catchment in living memory.

Documentary evidence {8}

In the 16th century Leland descri bmd the Telf i pool $ as 'gloomy 11 yns '
situated high up among 'dreary morasses and mountain 501itudes' surrounded
by 'nothing but wilderness' (Ward 1931). Descriptions of the vicinity of
Llyn Hir from 19th and 20th century travellogues "uggest a landscape free
from the imprOVing effects of Man (eg. 'a desolate scene' Malkin 1807;
'naked, lofty uplands, desolate in the extreme' - Cliffe 1860).

The catchment lies within the parishes of Upper Gwnnws
(Fig. 32). The tithe maps and schedules of the
(Caron-l,,-Clawdd and Caron-Uwch-Clawdd combined) (9}
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Gwnnws and LowEJr Bwnnws combined) {10} indicate that in the mid 19th ceo
the catchment comprimed k5 associ~ted with f~rmm bel ng to the
Nanteos (Powell) and Crosswood (LIsburne) Estates IFlg. 32).

An IBI3 valuation of the hllnteos est lite (ID described
associ@ted with l@nd In the west of the catchment - Fig. 32)
hi lice, 1I11 unenclosed'.

(the farm
as a 'wi Id,

'rough or

The first edition
edition!!

si x inch
H2} of

Ordnance
the area,

map (surveyed IBB6j and
show the catchment to consist of

The FI rst L"nd Uti II "'lit I on Survey ",Ix Inch manu",crl pt map of 1934 H3}
provide", no detail of the Immedi@te I@ke c@tchment, but adjacent areas to
the north are described as 'bent femcue with some and
umed a$ grazing'.

map of 1970 UJ!}
situati on, with

vaginatumand

Utili$atlon $Ix Inch manuscri
anal cover Identical to the

on the drl er
wetter are,,,, <FI g. 7).

The Second Land
Indlcate$ a

and
dominating the

Anal s of primary
l1i d-Wd ell I and
the Llyn Kir catchment
of unimnrnvPM

d~ta liS}, from which the
and Slnclair 1985) was

has remained consistently within
mince 1948.

de Commission's
led, confirms that

the 'moorland core'

Al
mining

it 11 es in th.. oroad vi cl ni of the north Cardl gansh1 re lead
on, ther~ is no evidence from sources or on the

to th&lt any mineral WitS ever- mined or for within
the lal'e catchment.· r y lead mine to the north-west of Llyn
Teify was y the clom.st min. to the c~tchment 116J.

p""toralism

for much of the IBth ~nd i9th centuries Welsh black cattle were an Important
part 01 the pastoral economy of Cardiganshlre leg. Defoe 1735, Daviem 1934).
Although some moorland areas were grazed by cattle, it seems probable that
the Llyn Hir catchment was too high and remote to have been grazed by other
than transient herds ($ee below). Evidence concerning Tynddole Sheepwalk (to
the we"t of the Llyn Hir catchment) suggests that cattle grazed the lower
land adjacent to the farm in summer, whilst sheep dominated the higher
slopes U7J.

It is possibl~ that until their decline after c.1750 (Condry 1981), goats
would have roamed the vicinity 01 the Llyn Hir catchment Id Leland 1536 in
Toulmin Smith 1906). It is known that numbers of ponies were grazed in the
area In summer months well into the 20th century (C. Evans, H. Dwen pers.
CDmms~ ) •

The central issue of land management in the catchment concerns its



utlllm~tlon for Bhm~p gr~zlng. Thlm pr~ctlc~ d~t~~ to ~t leamt the late 12th
c~ntury wh~n th~ Cjmt~rcj~nm ot Btr~t& Florid~ acquir5d the area and used it
a~ ran9~I~nd for th~ir flockm (Bow~n 1950, Jone~ Pierce 1950).

In the
treat&d
without

1530~ Leland de.crlbed how the I~nd in the vicinity of Llyn Hir was
as common grazing - '&v&ryman ther&abouts putting his beasts upon It
paying money' IToulmin Smith 1906).

Part of the Llyn Hlr catchm~nt comprised sheepwalk of the Crosswood Estate.
In 1814 th~ Estate's sheepwalks were surveyed and considered of 'good
quality, good and h~althy for sheep' but 'Ill stock~d and managed' {18l.
However, in 1857 witnesses affirmed the practice of the Crosswood Estate of
strictly preserving its grazing rights, keeping unauthorised graziers and
even those with common rights off its sheepwalks {19}, By 1885 the Crosswood
Estate had consolidated and enlarged its grazing area, obtaining in the
process grazing rights throughout the Llyn Hir catchment {20}.

Until the railway opened up mid Wales in the 1860s, sheep and cattle were
driven to the markets and fattening pastures of England along drove roads
ISkeel 1926, Davles 1934, 19361. These routes cut across country, avoiding
tolls and providing as much free grazing along the way as possible (Davies
1936), One such track passed immediately to the north of Llyn Hir (Fig. 6)
(Condry 1981). Contemporary ~ccounts {21} describe how the drovers and
dealers grazed their stock along unenclosed sections of this road, thus
imparting a grazing pressure in addition to that of the indigenous flocks.

In the early 20th century the old drove route Immediately to the north of
Llyn Hir was utilised by shepherds from the Rhayader region of central Wales
to drive their summer flocks to the wintering grounds of the Cardiganshire
coastal plateau (Davies i9351.

As the droving trade rapidly declined from its peak in 1860 and as the
Crosswood EstatE obtained complEte control and Jealously guarded its grazing
rights in the catchment in the 1880s, it is probable that the catchment
experienced a less intense and bEtter regulated graZing regime in the last
quarter of the 19th century. It is from this period that quantitative data
relating to sheep numbers are available at the parish level.

Sheep numbers

Data relating to sheep numbers were drawn from the annual parish returns of
Caron and Gwnnws {22} at quinquennial intervals and are presented in Figure
33. Between 1867-1910 iGwnnws) and 1867-1905 (Caeon), the data relate to
combined pariBhes (Caron 2 Caron-Uwch-Clawdd and Caron-Is-Clawdd; Gwnnws =
Upper Gwnnws and Lower Gwnnws). Not until the early 20th century is
information specifically available for Caron-Uwch-Clawdd and Upper Gwnnws,
the two parishes across which the Llyn Hir catchment lies (Fig. 32',
Although they represent the source of information most applicable to the
Llyn Hir 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 take only a
limited account of changes in sheep type and no account of changes in
grazing me IPatrick 1986).

In general, a significant increase in total sheep numbers (Upper Gwnnws,
Gwnnws combined, Carcn combined) or no overall trend towards an increase or
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decline (Caron-Uwch-Clawddi is discernible from Figure 33 {23}~ Further"more,
the increasing signi ficance of ewes and lambs at the expense of wether sheep
over the last century (cf. Patrick 1986), is suggested from the trends in
Figure 33.

Within the llyn Hir catchment a broad increase in sheep numbers has been
recognised (R. Davies, C. Evan!!, 8. Jones, H. Owen, W. Owen pers. comms).
Estimates of the e"tent of this increase vary between two-fold since ca.
1930 (W. Owen pers. comms.) to three-fold since ca. 1945 (C. Evans pers.
comms .. ) ~

Also apparent over this time scale has been a change in grazing regimes. The
transition from hardy wethers to ewes and lambs, the declining viability and
eventual abandonment of the highest farms 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 (Patrick 1986) C241.

Manipulation of data relating to sheep numbers (Fig. 33) and area of rough
grazing from the parish statistics, allow the calculation of a ver"y crude
trend of changing stocking rates on unimproved land in the llyn Hir locality
(Fig. 34;. Th@se 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 take no account of the changing impact on grazing
intensities consequent upon the replacement of larger wethers by ewes and
lambs. However, they do suggest that as the area of rough grazing has
declined (primarily through afforestation there has been little
improvement of grassland in the parishes concerned) and the numbers of sheep
have risen, then the potential stocking density of sheep on the land
surrounding llyn Hir may have significantly increased through the 20th
century (at least in summer months).

The close cropped Nardus/Festuca grassland
supports a significant sheep population today.
that this is not a recent phenomenon.

indicates that the catchment
The evidence above suggests

Llyn Hir I ies within the Cwm Ystwyth 6BB!. In terms of land management the
NCC act in a consultative and advisory capacity, but there is no evidence to
suggest that cont..mpor"ary management pradi ces have been si gni fj cant! y
altered as a result.

Burni nil

Maniagement of griassliand by burning has not been ia regular feature in the
catchment within liVing memory (R. Davies, C. Evans, H. Owen, W. Owen, K.
Stokes pers. comms.). Air photographs flown in 1946 and 1947 C25} show no
evidence of burnt patches. The proximity of the extensive Towy forest to the
south has made grassland fires an inappropriate and rarely sanctioned method
of land management in the area since the early 19605.

Subsidiary management practices

Despite their reputation as ing estates through the 19th and early 20th
centuries, there is no evidence to suggest that the Crosswood or Nanteos
estates actively managed the high land in the vicinity of Llyn Hir for game.
The keeper maintained at Pen-llyn in summer was responsible solely for

'i iI
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pr.serving
realised In
Bach).

the fiahing of the T.ify Pools, him role am gAmekeeper was
winter on the lower lands, particularly on Tregaron bog (Cars

In the 19th century turbaries were established by
peat areas adjacent to the Llyn Hlr catchment (26}.
still be observed. However, there is no evidence of
(limlt@dl peat within the catchment.

so

right or default on the
These peat cuttings may
such excavation on the
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I) The z,oPb Chronology reveals that the sediment accumulation rate In
Llyn Hie has been extremely slow (ca. 6 mg cm~z ye', 0.7
mm cm-z yr-') throughout the dated part of the core. A period of
disturbance is revealed by a dislocation of the z,oPb profile between
lO.5cm and 15.5cm dated to between 1875 and 1910, correlating with a
peak in disturbance indicators in the pollen record. However, this does not
appear to be reflected in the core chemistry record.

il) The diatom flora shOW$ major changes beginning at 25 cm (early 19th
century associated with the los" of the circumneutral planktonic
eyclotella flora, and subsequently the replacement of alkaliphilous taxa
by acldophllous and eventually acidoblontic taxa such as Tabellaria
guadriseptata. A clear acidification of Llyn Hir has occurred over the
last 120 years, with a distinct accelaration beginning in the early
1940's, similar to the acidification preViously described In Galloway.

illl The core cheml"try record demonstrates that trace metal contamination
of the lake sedlm..nts began at !l cm (1880',,) and parallels the
acidification recorded by th~ diatoms. The record also suggests a period of
5011 erosion (40 cm-35 cm) before the dated part of the core (pre-1800) which
Is associated with disturbance Indicators in the pollen record.

Iv) The concentration of carbonaceous cenospheres
combustion Increases rapidly from the early 1900's
similar trend Is shown by the magnetic data.

from fossil fuel
to the present. A

v) The pollen diagram reveals three significant disturbance events
characterised by peaks in the pastoral Indicator Plantago lanceolata
and Is associated In the top two with reductions in the spore record from
the aquatic fern Isoetes. The topmost ..vent is marked by an increase in
sediment accumulation rate while the lower one Is also marked in the core
chemistry record. It Is possible that the lower disturbance event also
involved an increase In th.. accumulation rate but lack of dating prevents
any conc 1u"i on. An ""1'1 i er pha"e of di sturbance character! sed by an
6arl i i?F peak of fl an~,o< do_m not appcuU'· to have been recorded in any at
the cth@r corD variablf$~

vii) No appreciable land use change h3s occurred within the catchment
sinCE the Introduction of sheep by the Clsterclan monastery. While sheep
numbers have Increasec In the area in recent years the documentary evidence
i" not precise enough to assess whether the catchment has experienced a
significant Increase ir, Ilrazing pr",,,,,ure. No lImlng has taken place within
the catchment and burning has not been a "ignific&nt management practice.

viii) The acidi1ication cannot be accounted 10r by land use changes.
In"tead, all the data Indicate acid deposition as the cause of
acidi1lcatlon. The timing of the changes and trends of the atmospheric
pollution indicator.. (trtl<:e metal", magnetics, cenospheresl, indicating
local deposition 01 atmospheric pollutants, are consistent with this view.

Ix) Llyn Hir is the first Welsh site where recent lake acidification has
been clearly demonstrated.
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8.0 Notes

1~ Cf. an 'historical' ar"ticle in the Cardiganshire and Tivyside Advertiser
nf (\"9"51 9th 1918.

2. The keeper, who was responsible for watching all the Teify Pools, resided
in a cottage I'Pen-Llyn') on the shore of Llyn Hir Isee Figure 6), which
evidence fTom the first. two Ordnance Sur"vey SiH inch edi ticlns, suggests was
built between 1886 IFirst Edition sur'vey) and 1904 ISecond Edition <su,"v"yl.
Apart from the ke"p"r, overni ght accommodati on was avail abl e for' Lord
Lisburne and/or' his fishing guests. The lake shor'e buildings were occupied
by the army during the Second World War and fell into disrepair (Tregaron
RDC fi le no. SRD/1/466 Cardiganshir'e Record Office). However, they were
patched up and a keeper's presence was maintained until the late 19505

3. The Association relinquished these rights In 1986 OWing to the demise of
the fi shery.

4. See Patrlck (1986) for definitions of 'land use' and 'land management'.

5. Thi 5

graz i ng
19('61.

clearance was described by Leland in 1536. He further' described how
by goats prevented the regeneration of woodland (Toulmin-Smith

6. ADAS - Agricultural Development Advisory Service (MAFFI.

7. A valuation of the Crosswood Estate in 1814 (NLW, Crosswood I 1 11
6601 suggested that no lime was used anywhere on the estate.

8. See Patrick (1986) with regards to sources (and their interpretationl
used in documenting land use and land management change.

9. Tithe map and schedule for the parish of Caron 1842. PRO Kew, IR30 46/10
map D.

10. Tt the map and schedule for the pari sh of Gwnnws 1845. PRO Kew IR30
46122.

11. NLW, Ndnteos Estate Papers, unreferenced.

12. First edition surveyed 1887 published 1891.
Second edition surveyed 1904 published 1906.
Pr'ovi S1 anal ed it i on ammended 1948 pub llshed 1953.

13. Held at London School of Economics archive,

14. Held at ,:ing's College London Geography Depar'tment, sheet no. 385.

15. 1:25,000 land use maps and computer files containing data on land use
change, held at the Countryside Commission in Newtown, Powys.

16. This mine was discovered in 1752, but flourished for rJnly a few year-s
lDavi es 1815).



17. 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

18. NlW, Crosswood I 1233; 11 660. 'Valuation of the Crosswood Estate by
John Murry'. May 1814.

19. See note 1.

20. SlIe ego NlW, CrouwDod I 1988 (undated) I I 2016 (c.1870); I 2094 11884)!
rr 1458 (undated).

21. See note 1.

22. PRO Kew, class MAF 68.

23. Between 1951-1981 these trends are compatible with the broader regional
trllnd in ShllllP numbers for this part of mid Wales (Parry and Sinclair 1985).

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

25. Air Photograph Office, Welsh Office,
532/3215, 532/3216, 532/3217 (December
667/2017, 667/2018 (May 28th 1947).

26~ See note 1.
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Appendix A. Si-.eekly lake water ch.ll.try re.ults lor Llyn Hir b.lore and alter Itling
ICourt..y 01 WWAl

Date pH ConducUvlty Iota I lotal Free Total Chloride
Oxidised Hardne•• Carbon dioxide malinlly
Nitrogen

20·C us n- t Ig I-I Iq !-I oq !-, Iq I-I Iq !-,

21!l1183 4.9 42 0.1 5.9 3.0 1.1 1.0
13112183 4.1 4J 0.1 5.4 2.8 0.6 14.0
19101184 4.b 43 O.! 5.6 2.4 0.4 1.0
02102184 U 42 0.1 5.1 3.3 1.0 1.0
14103184 4.5 44 0.1 4.5 3.B 1.0
30103184 4.1 44 0.2 2.9 3.5 0.1 7.0
17104184 4.1 45 0.1 3.8 1.0
30104184 4.B 44 0.2 8.0
15105184 4.1 48 0.2 4.8 4.1 0.3 7.0
31105184 4.1 48 0.2 4.2 8.0
06106184 4.b 48 0.1 5.3 b.2 0.4 8.0
26106184 4.B 4b 0.1 5.3 1.0
09101184 4.1 4b 0.1 5.1 8.0
18107184 4.7 46 O. I 5.3 1.8 0.8 8.0
03108184 4.9 43 0.1 5.4 8.0
10108184 4.9 45 0.1 5.6 8.0
01109184 5.0 44 O,! 5.0 6.1 1.4 8.0
01110184 5.0 45 0.1 5.6 3.9 1.1 8.0
19110184 5.1 43 0.1 5.3 3.8 1.2 7.0
10112184 4.B 42 0.1 4.6 3.6 0.1 1.0
28101185 4.8 42 0.1 5.5 3.B 0.9 1.0
11103185 4.9 31 0.2 l.2 2.8 1.0 6.0

-----------------------------------------------------------------------------------------------------------------------------
10104185 b.l 43 0.2 7.9 1.5 b.O b.O
30104185 b.l 44 0.1 9.7 1.9 b.9 7.0
22105/85 6.1 44 0.2 9.7 2.4 b.8 1.0
11106185 1.0 44 0.2 9.8 2.5 b.5 7.0
2110bl85 b.b 43 0.2 10.0 I.B 5.3 b.O
04107185 b.5 41 0.2 9.2 2.1 5.9 6.0
18101185 b.3 40 O. \ b.O
Oli08/85 b.3 38 0.1 8.1 5.0
1510BI85 b.4 31 0.1 1.b 5.0
05109185 b.l 35 0.2 8.3 I.B 5.9 7.0
\9109185 b.2 3b 0.1 8.2 3.0 4.3 6.0
03110185 b.! 37 0.1 7.b 3.5 3.9 b.O
01111/85 b.O 39 O.! 1.1 3.3 3.4 5.0
2lI!!185 b.t 37 O.! 7.0 2.2 3.1 6.0
05112185 b.O 35 O.! 1.\ 2.3 3.2 5.0
18112185 boB 44 0.1 10. ! 2.0 7.t 7.0
W03186 b.1 43 0.2 9.4 2.9 5.1 b.O
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Dah Orihophovphah Dlllolnd DIBfiOlv.d 011101 nd 015101 vld DI nol v.d ninel ve.
Silica Sulphate 90dluI Potanlu. Calciu. line

log 1-'1

21111183 0.02 0.2 5.5 4.0 0.30 1.20 0.019
131l2l83 0.09 0.3 6.0 4.0 0.40 1.00 0.016
19101184 0.02 0.4 5.5 3.9 0.27 1.10 0.013
02/02184 0.02 0.4 5.0 3.9 0.26 0.90 0.019
14103184 0.02 0.3 5.0 3.b6 0,30 0.80 0,013
30103184 0.02 0.3 5.0 2.37 O.IB o.sO 0.020
17104184 n.n2 0.2 5.5 3.01 0.26 0.68 0.022
30104184 0.02 0.2 6.0 4.03 0.52 0.94 0.019
151051B4 n.n2 0.2 5.0 3.99 0.39 0.94 0.028
311051B4 0.02 0.2 5.5 3.3B 0.36 0.71 0.031
061061B4 0.02 0.2 6.0 4.19 0.45 0.99 0.020
26106lB4 0.02 0.2 5.0 4.19 0.43 0.9B 0.021
091071B4 0.02 0.2 5.0 4.34 0.26 MB 0.017
lB/07IB4 0.02 0.2 5.5 3.97 0.22 0.99 0.025
0310BIB4 0.02 0.2 5.0 4.02 0.25 1.01 0.009
10100lB4 0.02 0.2 5.0 4.4B 0.25 1.10 0.026
07l091B4 0.02 0.2 1.0 4.11 O.IB 0.B5 O.OIB
01110lB4 0.02 0.2 6.5 4.33 0.26 1.11 0.016
19110lB4 0.02 0.2 6.0 3.91 0.31 o.9B 0.023
10/I2IB4 0.02 0.3 5.1 3.14 0.23 0.B6 0.019
2BI01IB5 0.02 0.5 5.2 4.20 0.49 1.05 0.033
111031B5 0.02 0.5 5.7 4030 0.30 0.B6 0.026

----------------------------------------------------------------------------------------------------------------------------
101041B5 0.02 0.3 5.2 3.12 0.17 2.35 0.017
30/041B5 0.02 0.2 4.3 3.42 0.25 3.07 0.007
22105185 0.02 0.2 5.0 3.56 0.36 2.91 0.006
lII061B5 n.n2 0.2 4.9 3.43 0.28 3.08 0.002
21106185 0.02 0.2 4.7 3.44 0.19 3.17 O.OOB
04107IB5 0.02 0.2 4.5 3.41 O.IB 2.B4 0.015
181071B5 0.02 0.2
01/0BIB5 0.02 0.2 4.4 3.1B 0.23 2.66 0.006
1510BIB5 0.02 0.2 4.0 3.04 0.28 2.38 0.009
05109185 n.n2 0.2 4.3 3.00 0.23 2.50 0.011
19109185 0.02 0.2 4.1 3.33 0.27 2.46 0.042
03110lB5 0.02 0.2 3.6 3.01 0.18 2.3B O.OOB
071!llB5 0.02 0.2 3.B 2.24 0.012
2l/1II85 0.02 0.2 3.7 3.10 0.21 1.96 0.007
051121B5 0.02 0.2 3.9 3.30 0.19 2.00 0.011
18mlB5 0.02 0.2 4.0 3.20 0.19 3.20 0.013
14103186 0.02 0.4 4.2 3.20 0.34 2."5 0.010
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D.le Dissolved Di ...lved Dis'olved DI ...Iv.d Dissolved Dissolved Di .solved
Copptr Cad.iti. AI."inlo" Ltod Coroslo. Kongan••• Iron

log 1-'1

2lI1lI83 0.0004 0.09 0.002 o.m 0.050
13112183 0.0004 0.09 0.002 o.m 0.045
19/01/84 0.0004 0.05 0.002 0.101 0.04.
02l02lB4 0.0004 0.09 0.002 0.102 0.0.3
14/03184 0.0008 0.10 0.002 o.m 0.032
30103184 0.0008 0.055 0.005 0.087 0.022
17104184 0.0008 0.100 0.005 0.001 0.090 0.085
30/04184 0.003 0.0008 0.110 0.005 O.OO! 0.152 0.070
15105184 0.001 0.0008 0.087 0.005 O.OO! 0.179 0.02B
31/05184 0.001 0.0008 0.131 0.005 0.001 0.198 0.017
0610b/84 0.001 0.0008 0.091 0.005 0.001 0.191 0.039
26/0.184 0.001 0.0000 0.064 0.005 0.001 0.183 0.032
09/07184 0.001 0.0008 0.079 0.005 0.001 0.238 0.040
18/07/B4 0.001 0.0008 0.070 0.013 0.001 0.167 0.041
03/0B184 0.001 0.0000 0.004 0.005 O.OO! 0.200 0.0.5
10/08/84 0.001 0.0008 0.064 0.00. 0.001 O.I.B 0.0.0
07lO9/B4 O.OO! 0.0008 0.095 0.00. 0.001 0.248 0.094
01/10184 0.002 0.0010 0.070 0.013 0.003 0.211 0.071
1911O/B4 0.001 O.OOOB 0.079 0.021 0.001 0.248 0.090
10112184 0.002 0.0010 O.lI! 0.006 0.149 0.090
2B/01185 0.002 0.0010 O. !l5 0.015 0.003 0.141 0.1.8
llI03/85 0.002 0.0010 0.143 0.005 0.003 0.130 O.OB.

-~---------------------------------------------------- ----------------------------------------------------------------------

10104185 0.002 0.001 0.135 0.005 0.002 0.096 0.047
30104/B5 0.002 0.001 0.0.7 0.005 0.003 0.024 0.058
22/05/85 0.002 0.001 0.060 0.005 0.003 0.025 0.025
WO.185 0.002 0.001 0.0.0 0.005 0.003 0.031 O.HO
21/06185 0.003 0.001 0.040 0.005 0.003 0.019 0.072
04107/85 0.002 0.001 0.05. 0.005 0.003 0.015 0.092
18/071B5
01108185 0.002 0.001 0.047 0.002 0.003 0.010 0.090
15/0B/85 0.002 0.001 0.054 0.002 0.003 0.010 0.115
05109/85 0.002 0.001 0.050 0.002 0.003 0.017 0.149
19/09185 0.003 0.001 0.060 0.002 0.003 0.01! 0.134
03110/85 0.002 0.001 0.062 0.002 0.003 O.OH 0.154
07/11185 0.002 0.001 0.055 0.002 0.003 0.009 0.108
2lIW85 0.002 0.001 0.050 0.003 0.003 0.009 0.093
051121B5 0.002 0.001 0.054 0.002 0.003 0.005 0.OB9
18112/85 0.002 0.001 0.05. 0.002 0.003 0.004 O.OBl
14103/8. 0.002 0.001 0.050 0.00. 0.003 0.010 0.050
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Deh Dluolnd HUlle
Nichl .c1d
"9 1-' "'l 1-'

2I/1l/S:!
131!2/83
19/01/84
02102184
14I03/84
30/03/84
17/04/84 0.001 0.2
30/04184 0.001 0.7
15/051S4 0.001 0.4
31105184 0.001 0.3
Ob10b/84 0.001 0.3
26106184 0.001 0.3
09107184 0.001 0.3
18107184 0.003 0.3
03108184 0.001 1.0
10108184 0.002 0.5
07109184 0.002 6.b
01110184 0.003 LI
19110184 0.005 1.4
10112184 1.6
28101185 0.003 1.4
11103185 0.003 1.2

----------------------------------------------------------------------------------------------------------------------------
10/04185 0.003 1.7
301041B5 0.003 1.7
221051B5 0.003 1.5
11/06185 0.003 1.4
21/06185 0.012 1.5
04107185 0.003 1.8
18/07/85 1.6
01108/85 0.003 2.0
15/0B185 0.003 2.5
05/09185 0.003 2.7
19/09/85 0.003 6.0
03110185 0.003 2.7
07/11/85 0.003 2.2
2tlWB5 0.003 2.2
05112185 0.003 2.1
18112185 0.003 2.2
W03/B6 0.003 1.7
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App••• I, B. Invirleb,.l. la,. lo.nd ,I llvn Hi' p,io, 10 lloing
iCourlesy of WWAI

log .bundane. rallng
Trlcl.did.
Polyesll, nigra/l.nuls

MollusCA
Phidl •• sp.

lill.iQchaet.
N,ia co.ounis/va,l,bll.
Slyl,rl, l,cu,l,i,
Enchytra.d,.
l.ob"lu. va,i.g,tuo
Slylod,ilu. hsringl,nu,

Epheee,opter.
l.plophl.bi. vi.p.,tina

PIICoplor.
Neaaura cinerea

Odon.ta
Enall,g., cyalh.rigu.
Anh.a gra.dl<

H••iph,a
Call1cDri,. p,••u,l,
Arel.,orl •• gor••rl
Sig,r. &Coltl

Coleoplor.
Slicl"la,ou, duod,ciopu,lul.lu.
Hyd,opo,u. p.l.,I,I.

"egalopler,
Si,li, 1.1,,1.

Trichoplora
Plectrocneeia conspefsa
Polycenl,op., Ilavo••cul.!ul
P. kingl
Cyrnug thvldu.
Agrypnia v.rh
A. ohalet;
lion•••ph!I •• rho.bie.1
Clogulatu< I,tip.nnl<
Hal.,., r,di,t••
H. digl tatUI

Plptar.
Hacropelopl. sp.
Prochdius Ip.
Abl.bosy.ia sp.
Arctopelopia 'p.
H.tRrol.nyl.rous .pic,ll,
Hel.ro!,lg,ocl.di., .a,cldu.
Z.lul'thia h."phre,i ••
P,oclror!.dl•• p,llop!"u.
P. liebahll." gp.
P. pollop!".,
P. oclo••cul.lus
P. oclo.,cul,!.,/ il.b.t,ll.s gp.
P. ,ordld.ll.,
C,,,tod,di.,

I
I
I
3
3

2

2
I

I
!
2

2
I
2
2
2
2
I
!
I
I

I
I
I
3
I
I
2
I
2
!
2
3
2
J
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!!!Flera etd
Corynono.,. l.cus!,i,
C. ,cutollarl,
Slypto!endlpo, Ip.
Olcro!ondlpo, 'p.
"Ic,olondlpal podellu,
"Icrolplc!r, 'p.
T,ntyh"., sp.

Abundance categorios

I < I - 10
2' 11 - 100
3' 101 - 1000

Log ,b.ndanc. raling

2
2

1
2

3
I
1



CS>

""

;;CHtlANTHES l';NCEOL,;i,.;

'j rIJSILL"
,\CHNMHHES III CEOCEPHf<Li)
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",CHNANTHES AFFWIS
ACHNANTH£S R!mnISSIIM
ACHNANTHE5 AijSiRIACA
WlNMlllES KRYOPHIL,'1
{£HNANfHES MflRfilliULMA
ACKNAtll KES DEFRESSA
ACHNANfHES UMRA
ACHNAtHHES DElHA
ACIlNANTH£S LAP I DOSA
ACHNI\NIHES LEVAJ«lERI
ACHNAlHH£S SP 1
ACHNANHfES SP
AMPHORA OVALI5 V AfFIIHs
AOOMOEONtIS SERIANS IJ BRACHY5IRA
ANOMOfON£1S IJITREA
ANOMOEOt4EIS er VURE!'
ANQIIDENEIS Sf'
CAlOOCIS BACllLUM
CALOJfEIS VElmUCOSA
CYMBflLA VENIRIClJSA
CYMIllliA PERPUSIlL'
CYMBEliJ' AtRUAI.JS
CYKBELLA CES/i n I
CYMBELLA HfBRIOICA
CYffB£UA GRACILIS
CYMBELLA GAfUMHHI
CyltB8.LA HEfER'OPtEURA V MINOR
CYIIDRLA WJELl£R I
CYMBULA IHNUrA v PStUOOORACIUS
CYIIDELLA MGUSlA1A
CYI1BELLA SP.
CGCCONEIS DHHNUlA
CYCLOTELLA KUTZlmiIANA
C¥!1.0TELLA COKENSIS
DIPLllN£IS MAflGINESrRIAfA
(U/WT lA VENERIS
EUNOfIA PECfINALIS
EUNOl III PEel INAllS v ff!NllR
EtmOT! A T£NEU.A
EUNOTIA LUNARI5
[liNarIA WNARfS v SlJBARClJMA
EUIWTIA BIDE/HULA
EUNOrIA MONUODN V MAWR
EUNOHA EXIGUA
EU/WHIt H81l
EUNmIr-'l FABA v I1HEPI1EDIA
EUNOf!A RHOk80lDEA
EUrlU!IA P08US1A

EU'WfI,; ~:DFUSTA t' DiADEM
EUNOlr.; Fl.EXU05,~

ElINOrIA IMRlr.EHS!S
EUiWilA ~ElSIERI

Appendix C

Hi'CB
Y. Sit! rH
Gfii)fl.
!<U rz,

rt. CLEt/El HUS]
GRUN.
KUH,
HUST,
BUYE PETERSON
GRtm.
(Ct-EVE j HlJSL
CAR fER

LHIR {Sf}

(lmfZ. 1 V. H. £X DEL
\ BREEL ) CLEVE
{()RUlI. I ROSS
LHIR (sn

(GRUN. 1 R£R£SCH!WIISKY
(EHR, 1 IiE.ISfER
KUn
A, CUVe:
SJUlH
(RABtJ. ) GRUH.
(GREGORn GRUN,
tRASH. 1 CLEVE
»lEISIER
(;1.£11£
HUST.
{CHO!JNK'f 1 REIMER
UI. SIHT« j CLEVE

PANL
nlVAIfES
GRUH,
OOSL
(KmL 1 0, ItUll£R
j KUfl. l RASll,
(I(UTZ. } RA8tl.
rGRtlNL HU5L
([HR. j GRUN.
(ttAEGEU) GRIJN,
11. 51mB
fU,SIHfHl RASH.
\ flREB. 1 RASH,
I (HR, ) GRUN,

Ill/ST.
RALFS
(EHR, j E'ALFS
r,UlZ
FIJGG)
HUST,

"lyn MF [,jjIQ~ :on:1f5 (.;"

[UNiT! re) lR!iIMRI.; '} UNf}ULMlA
EL'N(HTA W,L!DA
EuN01IA F'AR;'LLELA

SF 1
SP (liIUSMVANHEURCr;!!

EUNOT!t1 Sp tj()

EUNOTIt't SP 15
£lINOn A SP 11
£lJNOlIA GP 9
EUMHIA SP 7
EUNOTIA SP 5
EUNOfIA SP 3"
EuWHIA SP 1
EUNOfIA er SEPfEHfRWNAlIS
EUNOTIA SP
FRAGILARIA PWNfHA
fRAG1LARIA CONSlRUEHS
FRAGIAlRIA COHSrRUEHS V VENTER
FRAGIlARIA VIR£SCEHS
FRAGIlARIA BREVISfRIAfA
FRAGrLARJA er PINNAlA v LANC£lHU
FRUSfUUA RHOJ:ffilHDES
FRUSTUUA RHOKOOID£S v SAXI1NICA
GOHPHONEM GRACilE
li(JJtPHONEM ACUlHHAlUM
G{lPifHOHfM PAR\RJl.Ul'I
~ IIfIRICAltm
G{lfWHOhOA HHRICA run \J PUKlLA
GO~HD4A BREBISStmII
GOMPHONOA Sf' ! MOHfAMtlM)
GOMPHONfM S?
M£lOSIRA MtBHiUA
mOSIRA LIRAlA
KUOSlRA URAfA v LACUSrRts
MElaSIRA DIS1ANS
IfiOSIRA DISTAffS v TENEU}I
I4El.OSIRA OIS1AHS V NIVAUS
MELDSIRA OISTANS v NIV4LOIOES
itlEU}SIRA PERBLABRA

nELOSIRA PERGLABRA V FLOIWHAE
MELaSIRA NYGAAADII
MfUJSIRA ef LIRMA v fENtJISSIMfI
illfLOSIRA SI'
NMHCutA JAR»EfELHI
NAVICULA RADIOSA
NAVICULA 5EIHNUUJM
HAV! CutA MED IOCR IS
NAVICULA LANCEOLAfr,
NAVICULI' PSEUaQScm IFDR~IS

NAVICULA PUPULA
NAVICULA INDIFFERENS
NAVICULA cotCCNEIFDRMIS
NAVICULA SU81 lU5sIMA
NAVICULA ANGUS fA
rIAVICUlr, "RVENSIS
i!NJICULr, HEIMANSII
IIA'JICUU\ MINiMA
IIAVICUlA SUBATOlIlHDES
tJAlJICUUI t\R,iSSKEr
,JAVrCUlA tRrOPHIlA
·i.WICIJLA SIJ1;H~WJL~114

HI!51
HU::! .
[HR,

KIR (SF)
LHIR (SF)
PIRUl
Nuts, L.IHR (Sf)

L. HIR (SF!
LHIR {Sf}

UHR (SF)
L,IHR (SF)
LHIR (Sfl
PIRlA
LHIR {Sf)

Elm,
(EHR. j GRUlt
{E:HR, 1 IN:UN,
RAlfS
GlMt
LHIR {SF)
([HR, ) DE TOUI
(RASH. I Of 10Ul
81R,
Em,
KUfZ,
I<U1Z,
G1lUlI,
KUlZ.
LHIR (Sf}

Hi:RtlH. 1 O. m.u£R
mm, 1 K1J1Z.
G1lUlI,
{£Jilt j KUlZ,
(NYGMRD) FlORIN
(11. $M. I KIRCHNrn
CAJWlJRH
GSIRup
CfJffiURH
CAIlOORH
LHIR (SF)

OOSL
KUlZ.
fiRUl;,
KRASSK£
iAGMDHl KUfZ.
HUS1,
KUfZ,
!lUST,
GREGURY
CEVE
G~lIN.

dUST.
VA/I DM i MiliY.
GRUN.
Husr,
HUS1,
FEfERSEN
GRUN.
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NAVICUlA Cf 5.OfASSAANMI I
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IMVICl!lA SP 9
IMIJICUlA Sf' 4
IMVlctlA Sl' 2
NAVICUlA SP I
IMVlrutA er Sl'JRMA
HtWWJlll PtLUCU,JISAlPfRlm IS
IMVICUlfI lfIPEXAlllNlcrA
H""JICULA SF
tt£roI~ IRlDI5 1J MWtIAfA r !JfJlJML!S
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11£101 un Aff INE v UJUGIC£PS
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NIlZSCHlfi lHSSIPATA
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