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Summary

il The LOI and dry weight profiles demonstrate a period of soil inwash
probably associated with catchment drainage in 1974.

iil The ""Pb inventory of the core is incomplete and indicates strong
dilution and missing sediment below 20 cm. The data suggest a hiatus in the
core occurs at about 30 cm representing a time gap of at least 150 years.

iiil The diatom flora shows distinct changes in the upper 30 cm of the core.
The pre-hiatus part of the core contains a mainly acidophilous diatom flora
indicating pH values between 5.4 and 6.0. The pH decrease from 30-20 cm is
thought to be an artefact of the reworking of older sediments caused by the
post-1974 inwash event. The more recent pH decrease starts 8-13 cm above
the hiatus. This is characterised by a large expansion of A.ralfsii and
Cymbella perpusilla and indicates a water pH of 4.5-4.7 and conditions
similar to those observed for the lake immediately before liming in 1984.

ivl Although the problems of a hiatus in Llyn 8erwyn core prevent a full
and detailed interpretation of the last 150 years history of the la~e, the
trace metal, sulphur and 'CP' results do provide firm evidence that the
la~e has been contaminated by material deposited from the atmosphere. This
started sometime before 1974, probably some tens of years, but trends of
atmospheric contamination cannot be assessed.

v) While the post-hiatus pollen record is obscured
reworking of pollen from eroding blan~et peats, the
profile shows an already open moorland landscape with a
populations of oa~ and birch.

by the secondary
pre-hiatus pollen
few relict woodland

vii The documentary land use study has shown no appreciable change in land
use or management apart from the recent afforestation.

viii A comparison of the pr. and post-hiatus diatom assemblages show that
the lake has been acidified by approximately I pH unit Iprlor to limingl.
However, because of the uncertain dating the timing of this acidification is
unkown.

viii) A further, post-hiatus, acidification can also be Identified that may
be related to the effects of deep drainage of the Catchment in 1974.

ix) The analysis of a core containing a complete sedimentary record of the
19th and 20th centuries would enable the impact of both episodes of
catchment drainage to be assessed independently of both forest growth and
atmospheric input, and new cores from more favourable areas of the lake lif
such existl are reqUired.
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PRO Public Record Office
SSSl Site of Special Scientific Interest
UCL University College London
WWA Welsh Water Authority

6



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 Gorham on precipitation chemistry in Cumbria (Gorham
19581 the extent of acidification in the UK is still not known. In earlier
papers Flower and 8attarbee 1983, Battarbee ~ ~ 1985 & Jones ~

~ 19861 we established that both non-afforested and afforested lakes on
granitic rocks in Salloway, South West Scotland, were strongly acidified,
and that the most likely cause of the acidification in the non-afforested
lakes was acid deposition. We have now extended our enquiry to other
non-afforested acid lakes in Wales and other parts of Scotland to test the
general hypothesis that non-afforested clearwater lakes with pH values less
than 5.5 occurring within areas of high acid deposition are acidified due to
an increase in acid deposition over recent decades. To date we have
established that Llyn Hir in west Wales, a lake with a non-afforested
catchment, has been strongly acidified in the same way and over a similar
time period to the Galloway lakes (Fritz ~ ~ 1986)

However, it has also been shown that in the case of Loch Fleet (Anderson ~~

~ 1986) afforestation has played an important role in the acidification
of the lake, supporting the observations of Harriman and Morrison (19821 and
Stoner and See (1985) that afforested stream catchments are more acidic,
have higher concentrations of SO. and AI! and poorer fisheries than moorland
control streams.

Llyn Berwyn (Fig. 11 is one of two afforested sites selected to
investigate the relationship between afforestation and lake water acidity in
Wales. At present the catchment is 80% afforested and a marked fishery
decline occurred shortly after the afforestation in 1963. The lake has been
recently limed (Underwood ~ ~ 1986) but the pre-liming pH was 4.5. The
mean pH of precipitation is > 4.5 and the annual wet sulphate loading is 1.2
- 1.6 g m- 2 yr-' (Figs. 2 & 31,

Our approach involves the use of diatom analysis to reconstruct past pH
values; 210Pb analysis to establish a lake sediment chronology;
geochemlcal and 'soot' analysis to trace the history of atmospheric
contamination; and pollen analysis and land-use history studies to evaluate
the influence of catchment changes on the past ecology of the lake.
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The lake lies at an altitude of 438 m in an area which receives rainfall of
2000 mm yr~'. llyn Berwyn is an oligotrophic lake draining a catchment of
0.96 k0 2 • The detailed bathymetry (Fig. 2) reveals that the lake is
composed of a single basin, 14 m deep, surrounded by an extensive shallow
rim. The lake has a mean depth of 3.25 m and a volume of 417,655 0 3 and
displays minimal variation in water level (Table I & Underwood ~ ~ 19861.
The former drainage network was poorly formed until deep forest drains
were cut in 1974 (see section 4.2.21. The lake has two very small inflows
and the outflow, Nant y llyn, drains to the south east (mean flow 0.039 m3

.-', Under wood ~ 1986) (Fig. 61.

Table lake Characteristics

Area
Volume

M."imum depth
Mean depth

130,350 m2

417,655 rn'
14 m

3.25 m

2.1.1 Water chemistry, pre & post-liming

lIyn Berwyn, together with lIyn Hir (see Fritz et ~ 1986), were the
subject of a detailed liming experiment by the WWA designed to ameliorate
the acidity of the lake and provide conditions suitable for fish
populations. Det.iled results may be found in Underwood ~ ~ (19861.
Before liming, pH at llyn 8erwyn varied between 4.1 & 4.5 with very low
levels of dissolved calcium (0.4 - 1.0 mg 1-'). After liming on the 1 & 2
April 1985 pH, alkalinity and dissolved calcium all increased significantly,
while dissolved met.l concentrations, especially aluminium, decreased (Fig.
3, Appendix A). Subsequently, pH, alkalinity and dissolved calcium all
decreased again as calcium rich lake water was replaced by acid surface and
ground waters. The lake was re-limed on 29/10/85 to bring the pH back to
7.0 (Underwood et ~h 1986) some two months earlier than predicted.

2.1.2 l,ake flora and fauna

A survey before liming by the WWA showed that the leafy liverwort, Nardia
compressa, was the dominant macrophyte in the littoral zone together with
Drepanocladus fluitans, lsoetes la~ustris* and Fontinalis sguamosa. The
only macrophyte recorded at depth was Sphagnum acutifolium a common plant of
highly acidic, oligotrophic waters in Galloway (Raven 1986l. Compared to
llyn Hir, llyn Berwyn supported a more diverse macro-invertebrate population
before liming with up to 63 species, but all characteristic of oligotrophic
waters (Appendix 8, WWA 1986, 8. Morrison pers. comm.l.

2.1.3 Fishing history

A rapid deterioration of the fishery was recognised in Llyn Berwyn from
ca. 1974 (R. Hugh~s, G. Jones, M. Marg." pers. comm.l. By the early 1980.
the lake only supported a population of eels (Underwood ~ ~ 19861.

(Nomenclature follows Tutin et al 1964-1980)
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llYN BERWYN WATER CHEMISTRY, OCT. 1933 - MAR. 1986
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Before this decline Llyn Berwyn was noted as an excellent trout fishery.
Cliffe (1860) described two fishing days during which 44 trout weighing
up.ards of six ounces were landed. Subsequent authors confirmed the health
and viability of the fish stock (Margan 1874, Bradley 1903, Ward 1931, Rees
1936). Ward (1931) noted that the fish averaged eight ounces in weight, many
being much larger, and that their quality was 'excellent'.

Sea trout migrated up the outflow stream to the lake until that stream was
diverted, sometime in the early 20th century, by a farmer Wishing to
encourage the fish to follow an adjacent watercourse (R. Hughes, M. Morgan
pers. comm.l. The diversion did not seem to affect the indigenous fish
stock. Anglers recall good fishing with catches of brown trout weighing up
to 1.5 pounds and sea trout up to three pounds through the 19505 (Underwood
et fu 1986, R. Hughes, G. Jones, M. Morgan pers. comm.l.

The Forestry Commission acquired the fishing rights in the late 1950's prior
to the plantation of the catchment. Tregaron Angling Society leased the
fishing from the Forestry Commission in the early 19605. It is from this
period that a gradual decline in fish catches was first noticed (M. Morgan
pers. comm. I.

Fish from the River Teifi were introduced to the lake in the mid 19605 {I},
but they did not establish themselves. An attempt to stock with fish from a
neutral water hatchery in the late 19605 failed totally, with 1007­
mortal Ity inside a week (M. Morgan pers. coml1l.1.

Underwood ~ fu (1986) note that the demise in fishery status of Llyn
Berwyn coincides with the period of increasing acidification, and ascribe
the decline to low pH conditions. However, it should also be noted that the
original decline from the early 19605 coincides with the preparation and
planting of the catchment with conifers, and with easier access for anglers
by the new forestry road, The major decline after ca. 1974 is coincidental
with the deep drainage of the maturing forest (Section 4.2.21.

Following liming by the WWA in April 1985 the lake was successfully stocked
wi th 600 brown trout (Under wood et fu 19861.

2.2

Llyn Berwyn occupies an acidic, blanket peat covered, upland site of some
967,371 m2 of which the lake occupies 130,351 m' (Table 21.

Tab le 2 Catchment Characteristics

Total catchment area
Area of land in catchment

Area of lake
Catchment/lake ratio

Maximum relief

2,2.1 §eology

967,371 rn'
837,020 m2

130,351 m2

6.42
467 ID

Base poor, lower Palaeozoic, Silurian mudstones and shales dominate the
geology (Rudeforth 19701. These largely impermeable rocks are resistant to

1 ,



chemical
e ( i!J.~_

a survey

weathering and the drainage waters are of low hardness (Underwood
19861. Detailed geological mapping is not yet available but
by the BGS is in progress nearby (R. Bazley pers. comm.)

The dominant soil type of the catchment belongs to the Crowdy peat series
(IOI3al. Typically, these are amorphous blanket peats often up to 2 m
thick. Other soil types within the catchment are those belonging to the
Hiraethog series of the Hafren association (654a) and are chiefly
stagnopodzols and stagnohumic gleys (Rudeforth et ~ (984). Typically
these soils are thin (30-40 cm) with a wet peaty surface horizon and
bleached subsurface horizons, often with a thin ironpan.

2.2.3 Present Vegetation

Before afforestation in 1962-1963 Llyn Berwyn had a blanket peat catchment
covered by extensive Molinia caerulea, and Eriophorum vaginatum
interspersed with small areas of Nardus grassland. Sphagnum (eg.
S.cuspidatum, S.papillosum ~ S.compactum), Polytrichum commune, Aulocomnium
p~ustr~ and Tricophorum caespitosus were also common. The catchment was
afforested with sitka spruce (Pice~ sitchensisl and lodgepole pine (Pinus
contorta) in 1962-1963 and these dominate the present catchment vegetation.
A small area of Japanese larch (Lariy. kaempferi 1 was planted on the better
drained hillsides to the west in 1960. Fig. 6 illustrates the planting
regime of the forest. Remains of the former vegetation cover are restricted
to areas around the edge of the present forest and to the south and
northeast of the catchment (Fig. 6l.
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3.0 Methods

The lake bathymetry was surveyed using the techniques described in Stevenson
~ ~l~. 1987. Shore surveying stations were located adjacent to the inflow
and outflow.

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

Cores were taken using a Mackereth
an inflatable boat. Sampling was
Core 8ER I was used for dating and

mini-corer IMackereth
carried out during
analysis.

1969) operated from
July 1984 (Fig. 2).

Core SER I 183 cml was extruded in the laboratory and sliced into! cm
slices. The top 50 cm of sediment was SUb-sampled at 1 cm intervals for dry
weight, loss on ignition lat 550°C), wet density measurements. The
lithostratigraphy of the core was recorded using the Troels-Smith method of
sediment description 'Troels-Smith 1955). The remaining core was sampled at
2 cm intervals.

Analyses for dating, magnetics, chemistry, soot, diatoms and pollen were all
conducted according to the standard methods set out in Stevenson ~

"'..L.. •198n.
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4.0

4. 1

4.1.1 Sediment Description

The core contains three strati graphic units (Fig. 71; a black organic
sediment containing fibrous bryophyte remains down to 20 cm, a gritty,
grey-brown mottled band composed of mineral and organic material from 20-28
cm where there is a gradual change to a dark brown organic unit from 30 cm
down to the base of the core at 81 cm. These changes are reflected in the
percentage dry weight, 1055 on ignition and wet density profiles (Fig. 81.
The dry weight and wet density graphs show increases in the 20-30 cm
section, all indicative of rapid inwash of catchment materials. loss on
ignition decreases in this section but increases rapidly from 32% at 22 cm
to a peak of 73% at 15 cm, followed by a decline to values around 50% at
the surface.

4.1.2 z,oPb datiJ:lJl

Sediments from BER I were analysed for z,oPb, ,zoRa at Harwell A.E.R.E.
Additional measurements for ""Pb, 220Ra and "7CS were carried out by gamma
spectrometry at Liverpool University IAppleby gi fu 19861. The Z'OPb and
226Ra results are given in Table 3, and shown graphically in Figs. 9 & 10.
The '~7CS results are given in Table 4 and Fig. 11. Table 5 gives values of
a range of other radioisotopes determined from the gamma spectra. The
tables also give results of the analysis of a single sample from a second
core IBER 21.

Fig. 12, Tables 7 & B show the z,oPb chronologies for BER 1 given by the
CRS and cle dating models (Appleby and Oldfield 19781, assuming that the
"'OPb inventory of the core is complete. The two models give results
which differ in detail, but both indicate 19th century dates for
sediments below ca. 13-14.5 cm. These results are incompatible with the
sedimentary data, which indicate that sediment. down to ca. 30 cm are mainly
post-1970 inwash material. Sediments between 23 cm and 28 cm have a low
organic matter content and high bulk density typical of minerogenlc inwash.
They also have high z26Ra concentrations, and high 2,eu and 4°K values
(Table 51. Sediments above 21 cm have a high organic matter content, low
bulk density, and low 226Ra, 2~eu and 4QK concentrations, and are
assumed to derive largely from peat i"wash. This can only be explained by
supposing that the z,oPb inventory is incomplete and that there is a
hiatus in sediment accumulation.

Table 6 compares ',opb and "7CS parameters for Llyn Berwyn IBER I) with
corresponding parameters from Llyn Hir (HIR 11 IFritz gi fu 19861 and Llyn
Gynon (GYN 3) (Stevenson gi 19861. The measured "oPb inventory of 9.7
pC! cm~' in Ll yn Berwyn IBER I) is lower than at the other two si tes and 50
is not inconsistent with the supposition of a hiatus

The single measurement on material from 55.5-56 cm in core BER2 gives values
typical of the inorganic sediments in BERl below 20 cm.

17



A ld'3Dgl Black, organic mud with fine
detritus

B ld'3DglDh+Tb+ Black, organic mud with fine
detritus and herbaceous and
moss plant remains

v C ld'2Ag1Dgl Ga+

o ld'3Dgl

Grey-brown mottled silty
organic sediment with fine
detritus and line sand

Dark brown organic mud with
line detritus

Fig. 7. Stratigraphic profile of the Liyn Berwyn I core.
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Table 3. llyn Ber.yn IBER 1) "OPb Data

Depth Dry Mass >l°Pb Conc. Cumulative Unsupported Std. Errors 226Ra Cone. Std. Error
Total unsupported 2toPb Cone. Cum.

cm g CII=2 pCi S-' pCi g-' pCi c.-' Total Uns. Uns. pCi g-' Total

l.50 0.1615 14.900 14.16B 2.732 1.10 1.10 0.22
3.50 0.3762 10.940 10.200 5.326 0.44 0.45 0.36 0.740 0.09
7.50 O.B477 2.610 2.140 7.7Bl 0.20 0.21 0.41 0.470 0.05

10.50 1.1993 2.120 1.740 B.461 0.18 0.19 0.42 0.3BO 0.07
14.50 1.b270 I. 780 1.350 9.119 0.17 0.18 0.43 0.430 0.07
16.50 I.B282 2.600 2.17B 9.470 0.20 0.21 0.43
lB. 50 2.0532 0.930 0.516 9.740 0.16 0.17 0.44 0.414 0.06
19.50 2.1B55 0.980 0.203 9.760 0.10 0.12 0.44
20.50 2.33B2 0.860 -0.335 9. ne 0.14 0.15 0.44 1.195 0.06
21.50 2.5170 0.660 -0.5Bl 9.6B5 O.OB 0.10 0.44
23.50 2.9613 0.780 -0.576 9.437 0.12 0.13 0.44 1.356 0.05
24.50 3.2126 0.650 -0.604 9.349 0.07 0.09 0.44
29.50 4.4008 0.650 -0.120 B.B5B 0.07 0.11 0.45 0.770 O.OB
32.50 4.9341 0.820 -0.046 8.812 0.13 0.14 0.46 0.866 0.05
34.50 5.2921 0.560 -0.295 8.7B7 O.OB 0.09 0.46
40.50 6.43B6 0.530 -0.290 8.548 0.08 0.08 0.47
4B.50 8.0609 0.570 -0.201 8.219 O.OB O.OB 0.4B
59.50 10.3826 0.500 -0.200 7.71l 0.08 O.OB 0.51
69.50 12.3489 0.5BO -O.OBO 7.290 O.OB O.OB 0.54 0.640 0.06
70.00 12.4479 7.2B4

BER 2 results

55.50 6.5320 0.760 -0.167 0.15 0.16 0.927 0.06
56.00 6.5912

Table 4. blrn Ber.yn IBER !) "'Cs data.

Depth Dry Mass nrcs Cone CUlulatlve "'Cs Fract
c. g cm-' pCi g-' fi- pCi S-' +1-

3.50 0.3762 46.93 0.50 17.66 0.90 0.5BO
10.50 I. 1993 1.60 0.11 2B.70 1.39 0.943
14.50 1.6270 2.29 O.OB 29.52 I. 39 0.970
18.50 2.0532 0.72 0.06 30.10 1.39 0.9B9
20.50 2.3382 O.lB 0.04 30.21 1.39 0.992
23.50 2.9613 0.19 0.03 30.33 1. 39 0.996
32.50 4.9341 0.01 0.03 30.45 1. 39 1.000

BER 2 results

55.50 6.5320 0.00 0.00 0.00 0.00 0.000
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Tabie 5. Liyn Be'Nyn IBER 1I Radioisotope Oat••

Depth 226Ra 233U 2315U 226ftc "'TH 4°K
co pC! g-I

3.50 0.74 0.19 0.00 0.90 I. 02 22.03
10.50 0.38 0.00 0.00 0.35 0.37 11. 27
14.50 0.43 0.00 0.13 0.33 0.99 11. 70
18.50 0.41 0.18 0.04 0.66 0.54 11.13
20.50 1.20 0.43 0.12 1. 29 2.02 26.3B
23.50 1. 36 0.84 0.15 1.42 2.36 30.61
32.50 0.B7 0.27 0.11 0.87 1.45 19.16

BER 2 ,esul ts

55.75 0.93 0.74 0.09 1.09 1.54 24.34

Table 6. Llyo BerNyn IBER 11 , Gynon ISYN 3) and Hir iHIR 1) 'loPb and l"CS Para.ete,s.

Su'face unsupported Unsupported "oPb Mean zloPb n6Ra 99% Equ. Surface tHes 1He; Inventory
210Pb concentration inventory flux Cone depth concentraUon

pC! g-' pC! '0-' pei c.-' yr-' pC! g-' 9 C&-2 pC! g-I pC! ,.-,

Uyn Ber.yn 14.2 9.7 0.30 0.77 1.51 46.9 30.5
LJ yn Gynon 22.1 29.7 0.93 1.16 2.5B 34.0 40.5
Uyn Hir 45.9 12.2 0.3B O.BB 0.46 22.0 10.9
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Table 7, CRS model dating chronology for the BER 1 cor. assuming no hiatus

Depth Dry Mass CUlulati v. Date Age Sediment accuoulation rate Standard
Unsupported

"opb
CA 9 co- 2 P Ci co- 2 AD yr 9 c.- 2 yr- I ca yr- 1

0.00 0.0000 9.70 1984 0
0.50 0.0538 8.34 1979 5 0.0142 0.133 b.8
t. 50 0.1615 6.97 1973 11 0.0153 0.143 7.5
2.50 0.2b89 5.52 196b 18 0.0143 0.130 b.b
3.50 0.37b2 4.38 1958 26 0.0134 0.117 5.7
4.50 0.4941 3.56 1952 32 0.0170 0.147 7.2
5.50 0.blt9 2.90 1945 39 0.0207 0.177 B.b
b.50 0.729B 2.3b 1939 45 0.0243 0.208 10.1
7.50 O.B477 t. 92 1932 52 0.02BO 0.238 11.5
8.50 0.9049 l.6b 1927 57 0.02bl 0.225 12.2
9.50 I. OB21 1.44 1923 bl 0.0242 0.213 12.9

10.50 1.1993 1.24 1918 bb 0.0222 0.200 13.b
It.50 I. 3062 1.03 1912 72 0.0201 0.182 lU
12.50 1.4131 0.85 1906 7B 0.0179 0.164 IB.b
13.50 I. 5201 0.71 1900 84 0.0157 0.147 21.0
14.50 4.b270 0.5B 1894 90 0.0135 0.129 23.5
15.50 I. 727b 0.37 IB79 105 0.00B4 0.080 25.1
Ib.50 I.B2B2 0.23 IB64 120 0.0033 0.031 26.7

z,oPb llux =0.30 +1- 0.01 pCi cm- 2 yr- I

90% Equilibrium Depth = 12.2 c. or 1.38 9 c.-2 yr-'
99% Equilibriu. Depth = 17.5 c. or 1.94 9 c.-2 yr- t

rable 8, CIC dating oodel for the BER I core assuming no hiatus

Depth Dry Mass Cuoulative Date Age Sediment a"uoulation rate
Unsupported

210Pb

cm 9 '0-2 P Ci ,,-2 AD yr g (11- 2 yr- 1 CGI yr- t

0.00 0.0000 20.95 1984 0
1.50 0.lb15 14.17 1972 12 0.0140 0.131
3.50 0.3762 10.20 19b2 22 0.0140 0.123
7.50 0.8477 2.14 1912 72 0.0181 0.154

10.50 1.1993 I. 74 1905 79 0.0296 0.260
14.50 I. b270 1.35 1897 87 0.0390 0.372
lb.50 1. 82B2 UB 1912 72 0.01b2 0.152
lB. 50 2.0532 0.52 1866 118 0.01b2 0.136
19.50 2.1B55 0.20 183b 14B 0.0162 0.114

907. Equilibrium Depth = 14.b ,. or l.b4 9 ,,-'
99% Equilibrium Depth = 19.4 c. or 2.1B 9 '0- 2
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4.1.3 Diatom analysis

The concentration of tot.l diatom cells per gram dry sediment is shown in
Fig. 13. There is no major change in diatom concentration until 20 cm when
there is a general decrease due to dilution by the inwash of organic
material. However, from 30 - 20 cm the concentrations fluctuate, possibly
due to dilution both by inwashed mineral material, and the large proportion
of broken diatom frustules in some samples in this unit leading to
inaccuracies in the total counts. At 5 cm the concentration increases to
values higher than those found below 20 cm due to the decreasing
sediment accumulation rate.

The major floristic changes can be seen in the summary diagram (Fig. 14). A
full diagram of relative percentage abundance is given in Appendix C. The
diatom flora throughout the core is dominated by periphytic acidophilous
forms, increasing from 50%-60% from below 30 cm to 80%-90% in the upper
organic unit. Conversely, circumneutral species decrease from 20%-30%
below the mineral inwash to 5% in the upper organic unit.

A marked change in the diatom flora occurs at 25 cm when the percentages and
concentrations of the circumneutral Fraoilaria virescens and Cymbella
~racilis and the alkaliphilous Fragilaria construens v. yenter begin to
decline as the acidophilous Eunotia veneris and Frustulia rhomboides become
dominant in the percentage data but with unaltered concentrations in the
sediment. At 20 cm the circumneutral species have almost disappeared and
other acidophilous taxa, such as Tabellaria flocculosa, Cymbella perpusilla,
~unotia e>:i~ and Pinnularia hilseana appear at this point. However, a
major increase in the acidophilous species occurs at 15 cm including the
rapid increase of Asterionella ralfsii which has the effect of depressing
the percentage abundance of the previously dominant Eunotia veneris.

4.1.4 Sediment c[1emistry

Major Cations

The loss on ignition, dry weight and density profiles show that there is a
major change in sediment constitution between 18 ilnd 30 cm (Fig. 81. From
the base of the core to 30 cm the sediment constitution is fairly constant
but above this is a denser more inorganic layer from 30 to 23 cm, with a
much more organic layer above this. This change is a result of catchment
ploughing and afforestation (Section 4.2.21.

The sodium, potassium and magnesium profiles respond to this catchment
disturbance (Figs. 15a, 16a, 17al. The concentrations increase in the more
inorganic layer and decrease strongly in the organic layer. The strong
negative correlation between these cation concentrations and lO! indicates
that dilution of the sediment by the additional organic material delivered
to the lake as a result of the disturbance is the main cause of the decrease
in sedimentary concentrations in the upper 18 cm of sediment.

This is confirmed
expressed per gramme
these profiles the

by the cation profiles when the concentrations are
of minerals in the sediment (Fig. 15b, 16b, 17bl. In
concentration drop above 23 cm, which is striking in
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Fig. 13. Diatom concentration diagram for the lIyn Berwyn I core.
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Figs. 15a-17a, is not noticeable with magnesium and sodium and is much
subdued with potassium. When soil erosion rates increase in a catchment,
the tendency is for the major cation concentration of the mineral material
to be higher than when erosion rates are lower (Mackereth 1966, Engstrom &
Wright 1984). Although the timescale is short in the upper part of this
core, the concentrations of potassium and magnesium are higher than above 30
cm during the period of catchment disturbance. Magnesium is maintained at a
higher concentration through the inorganic layer while potassium drops back
to concentrations typical of the lower part of the core.

Calcium behaves very differently to the other three major cations (Fig. (8)
and correlates strongly with LOI (Fig. 8) This was also found in Llyn Hir
and the reasons are probably the same. Bivalent calcium ions are
selectively complexed by dissolved humic material in the lake water and
sediment (Stumm & Morga" 1981 pp. 640-647, Sayles and Mangelsdorf 1971l and
so variations in the rate of incorporation of organic material into the
sediment controls the sedimentary calcium concentration.

Trace metals

The nickel behaviour (Fig. 19) is similar to the major cations, sodium,
magnesium and potassium (Figs. 15-1ll. As the nickel concentration in the
mineral component of the sediment is fairly constant (Fig. 19b), the drop in
nickel concentration in the whole sediment between 11 and 20 cm is due to
dilution of the sediment by the addition of organic matter (Fig. 8). There
is little if any atmospheric contamination of the sediment by nickel.

In the upper 20 cm of sediment, however, the zinc (Fig. 20), lead (Fig.
2!i and copper (Fig. 22) concentrations increase. This increase is in spite
of the sediment dilution by organic matter which causes the sodium,
magnesium and potassium and nickel concentrations to fall. The sediment
contamination is made clearer when the changes in organic content of the
sediment are eliminated by expressing the results as per gramme minerals
(Figs. 20b-22b).

Because of the hiatus in this core (Section 4.1.2) it is not possible to
determine the date when trace metal contamination of the sediment started.
As the sediments above 20 cm are post-1974, the contamination started
sometime before this. Other lakes which have also received trace metals
deposited from the atmosphere show a steady increase in sedimentary trace
metal concentration from the depth when contaminated. As the zinc and lead
concentrations rise very quickly above 20 cm (1974) in Llyn Berwyn, it is
likely that the contamination started some tens of years before 1974. It is
also not possible to determine reliably the size of this contamination flux.
We can, however, use the trace metal results to check on the proposed
sediment chronology above 20 cm.

We can use the proposed sediment chronology to calculate the sedimentary
fluxes of the trace metals and other elements. If this gives values which
are enVironmentally reasonable then there is indirect support for the
dating. The mean sedimentary fluxes for the eight elements in the interval
o - 20 cm are shown in Table 9. As this interval in the Llyn Berwyn core is
during a period of catchment disturbance, we feel it is realistic to compare
the results with those measured under catchment disturbance conditions
elsewhere. In Loch Dee, in Galloway, the interval from 31 66 cm
corresponds to a period of catchment disturbance (1859 - 1901). These



Fig. 19b. Variations in Ni per gram mineral dry weight for the Llyn Berwyn I core.
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Fig. 21b. Variations in Pb per gram mineral dry weightfor the LLyn Berwyn I core.
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mean values are averaged over their respective time intervals.

Table 9 indicates that the major element and trace metal fluxes in the upper
20 cm of the llyn Berwyn core vary from roughly similar to three times those
measured during the catchment erosion period in Loch Dee. As the dry mass
accumulation rate in Llyn Berwyn is roughly three times that in Loch Dee,
the sedimentary fluxes of metals in Berwyn, then, are environmentally
realistic. As they are derived from the proposed sediment dating, this must
also be reasonable.

We are not able to extract from the total sedimentary trace metal fluxes
reliable values for the contamination component, Cumulative
concentration-depth profiles, a comparison of the zinc flux behaviour with
that of sodium and a flux calculated from the 'anthropogenic pollution term'
as defined by Hilton at ~ (19B5) all suggest a zinc contamination flux
of around 100 mg m- z yr-'. This is a reasonable figure but it must be
considered unreliable.

Table 9, Comparison of the element flUMes during erosive periods in
Llyn Berwyn & loch Dee

Element LI yn Berwyn, 0 - 20 cm loch Dee 31 - 66 cm
Mean (o=IBl Mean (n=24)

Na g m·- 2 yr -, 1 7.4 5.3
K g m- 2 yr ~ 1 18. 1 6.0
Ca g m- z yr- 1 5.2 Ch 2
Mg g m<2 yr~l 5.9 8.6
Zn mg m-<;;~ yr-' 501 209
Pb mg m- 2 yr-' 349 191
Cu mg m- 2 yr~l 52 22
Ni mg m-:=.! yr -1 52 50
Dry mass accumul a ti on
rate mg m- Z yr~l 210 70

Sulphur

The sulphur behaviour (Fig. 23) is similar to that of lead (Fig. 2ll. The
same limitations of interpretation apply as with lead and all we can say is
that post-1974 sediments are contaminated by SUlphur compounds deposited
from the atmosphere.

Analyses are in progress but are not yet available.

4.1.5 Carbonaceous particles "CP"

The 'CP' pattern for Llyn Berwyn, illustrating the number of particles per
gramme dry sediment, is given in Fig. 24 and Table 10. It shows the
presence of soot in small numbers at a depth of 2B cm. There is a slight
peak at 10-12 cm and the onset of a trend of rapidly increasing counts
commences at 6 cm, continuing to the surface.

The carbonaceou. particle count in terms of the organic content of dry
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No. Carbonaceous
Parti cl es

Depth per 9 per 9
dry sed organic

(cm) " 10 3 content
x 10'

0-1 16.38 32.34
1-2 15.84 30.64
2-3 17.38 37.20
4-5 6.40 12. 61
0-7 4.58 7. 13
7-8 2.26 3.76
8-9 I. 72 3.07
9-10 1. 07 1. 70

10-11 1.77 2.46
11-12 1. 37 1. 98
13-14 0.68 !. 00
15-16 0.58 0.80
17-18 0.51 0.71
19-20 0.34 O. 71
20-21 0.37 0.79
21-22 0.41 1. 25
22-23 O. 10 0.36
23-24 0.04 0.20
24-25 0.05 0.20
25-26
26-27 0.06 0.30
28-29 0.06 0.25
29-30
31-32
35-36
39-40
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sediment is given in Fig. 25. Normally, CP patterns in terms of the organic
fraction of sediment (using LOli are more precise as the supply of organic
material to the sediment tends to be more uniform over time than the input
of mineral matter which can vary Widely. However, since both organic and
inorganic fluxes to the lake vary widely only an expression of CP in terms
of flux will enable an accurate assessment of CP influx into the lake basin.
However, there are no reliable dates an which to make the calculation.

4.1.6 Pollen

Figs. 26,
percentage
record may

27 & 28 present the total
diagrams for the Llyn Berwyn
be found in Appendix E.

pollen
core.

concentration & summary
Full details of the pollen

Inspection of the concentration diagram (Fig. 26i reveals that the diagram
can be divided into two major sections viz, the pre-inwash, undated,
portion and the post-inwash, dated portion of the core. This division is
shown by a halving of the pollen concentration from 2B cm to 24 cm and is
firstly associated with a mineral inwash and then by a subsequent peat
inwash.

The pre-inwash part of the percentage diagrams (Figs. 27 & 28) shows a
relatively stable pollen sequence with few major changes occurring
throughout. The only local change that appears to have occurred is the
early peak In Pteridlum, suggesting that the catchment may have been
better drained at same period in the past. Within the regional pollen
record most of the tree pollen is probably derived from small remnants of
relict deciduous forest, dominated by Betula and Quercus, left over from
the various clearance phases of upland Wales recorded in the many pollen
diagrams of this area (Moore and Chater 1969a, Moore and Chater 1969b, Moore
19731. Small disturbance phases in these forests are recorded by the two
peaks in Plantago lEnce~lata and Filipendula and associated
regeneration peaks in Fra.inu~.

The sediment post-inwash (28 cm - 0 cm) provides clear evidence for changes
in the catchment vegetation. However, most of the changes can be misleading
since most are directly related to the inwash of peats and the inevitable
reworking of their older pollen component into the lake. The initial
mineral inwash only appears to have had an effect on the pollen
concentration diagram. It is only with the marked increase in LOI,
resulting from catchment peat erosion, that changes can be identified in the
pollen record. The most notable of these is the large reduction in values
of the aquatic fern, lsoetes, from 20 cm onwards. As in previous studies,
lsoetes appears to be very sensitive to turbidity changes associated with
phases of peat inwash and general catchment disturbance (Anderson et ~
1986l. The ~alluna rise recorded at the same time is not the result of an
increase in Calluna in the catchment but is merely a reflection of the
inwash of large amounts of Calluna pollen-rich peat. into the lake. The
present afforestation of the lake does not appear to be reflected in the
pollen diagram but may also be linked to the masking effect of the inwashed
pollen-rich catchment peats.

The regianal pollen flora suggests that Quercus expands during this zone but
this rise is only caused because the dilution of the Quercus pollen rain by
the peat inwash is relatively lower than that of Pinus and hence the
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proportional construction of the diagram
events. The inwash, is also probably the
relatively late since the concentration
concentrations were as high before the onset
the end of the period.

presents a misleading picture of
reason why Pi~~. values take oH
diagram reveals that Pinu~

of the inwash as they were at

Regional changes in the amount of pastoral and arable
reflected in the pollen record as a peak of the
Plantago lanceolata is replaced by • cereal peak.
from pastoral to arable in the vicinity of the lake.

4.2 Land use and management i2}

4.2.1 Land use

land appear to be
pastoral indicator
Indicating a change

With the exception of small area. of Molinia dominated rough grazing
north-east and south, the catchment is planted with Sitka spruce
.itchensis), Lodgepole pine (Pinus tontortal and Japanese larch
kaempferil (Fig. 61.

to the
(Picea
(Lar ix

The catchment was afforested between 1960-1963 (Fig. 6). Before that date
documentary sources (Patrick 19861 indicate that the catchment comprised
rough grazing land of the 'moorland core'. There is no evidence from air
photographs or on the ground (of relict enclosures, drainage or cultivation
features) to suggest that any improvement was ever attempted. There is no
evidence for, nor rational expectation of, any attempt to improve the acid
upland soils of the catchment with agricultural lime (cf Fritz !'!..t!Le. 19861.

The tithe map of the combined parish of Caron (3) (the lake and catchment
lie predominantly within the parish of Caron-is-Clawdd, with a small section
at the extreme south lying in Llanddewi Brefi - ) indicates that in 1842 the
catchment comprised the sheepwalk land belonging to three individual farms.

Successive editions of the Ordnance Survey si. inch topographic coverage i4}
from 1887 show the land adjacent to the lake to be ·marshy'. Further back
marsh gives way to 'rough or heathy pasture'.

The first Land Utilisation Survey of 1933 i5} provides no specific
information on vegetation distribution within the catchment. The area is
described as 'typical sheepwalk' composed largely of Molinia,
ag£ostis/Festuca and Nardus.

The catchment lies in the area which Davies (1936) described as some of the
most dense Molinia tussock land in Wales. The second Land Utilisation Survey
of 1970 {6} shows Molinia dominating the unafforested part of the catchment
as it does today.

Analysis of air photographs {7} and primary data of the 'Mid Wales uplands
Survey' (Parry and Sinclair 19851 iSl, confirms the unimproved state of the
catchment in 1946 and 1948 respectively.

Several contemporary descriptions attest to the unimproved nature and in
particular the wetness of the catchment prior to afforestation (eg. Bradley
1903, Ward 19311. Cliffe 118601 described it as 'a shelterle.s waste', "
more wild, dreary scene than that which surrounds the Llyn would be
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difficult to conceive' (p.2041.

The forest planted in the early 1960s is still maturing and no deforestation
has laken place.

There is no evidence of the exploration for, or the exploitation of, any
mineral within or in the vicinity of the catchment.

4.2.2 Land management

At an altitude of over 400m and comprising wet and exposed land, it is
unlikely that the Llyn Berwyn catchment ever supported a significant
livestock population. Although a few cattle were grazed on the hills in the
locality in summer up to ca. 1930 fR. Hughes pers. comm.l, the grazing
history of the catchment is dominated by sheep.

Annotated information on the First Land Utilisation Survey map i19331
indicates that sheep grazed the catchment in summer only. Davies (19361
reported that the tussocky Molinia of this region received virtually no
grazing.

Evidence for the
depicted on six

presence of sheep is indicated by a sheep
inch Ordnance Survey maps, to the west of the lake.

wash,

Some areas of Molinia were cut for hay which
only winter fodder in the region iR. Hughes
frequently burnt to provide an early bite for
camm.l.

until
per s.

the

recently represented the
camm. I. Other areas were
sheep IR. Hughes pers.

Apart from a boundary fence separating Cwm Berwyn and Diffwys sheepwalks
there was no enclosure in the catchment.

The only evidence concerning sheep numbers comes from
agricultural returns (91. The interpretation of these
several constraints IPatrick 1986). In particular they
specific and take only limited account of changes in
account of changes in grazing regime.

the annual parish
data are subject to
cannot be catchment
sheep type and no

Parish returns are available for Caron-is-Clawdd from 1910 {Fig. 29i.
There was a gradual rise in sheep numbers up to the plantation of the
catchment in 1960. From that period sheep numbers rose rapidly but the
potential significance of that trend is limited to a small proportion of the
catchment. By combining sheep numbers with the area of rough grazing {also
drawn from the parish returns I , a crude indication of stocking density on
unimproved land may be obtained iFig. 301. Again the increase in stocking
density is most marked after the date of afforestation.

A major drovers road leading to the fatteniog pastures of England passed up
Cwm Berwyn and to the north of the Llyn Berwyn catchment iDavies 19341. The
passage of store cattle and wether sheep along this road reached a peak In
1860 before disappearing in the face of competition from the railway (Davies
1934, 19361. It is conceivable that the north-east of the catchment
experienced an enhanced grazing pressure in summer months as the transient
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herds and flods passed along the drove road (cf. Fritz tl. 'LL._ 19861.

In the early 20th century the Cwm Berwyn drove road was utilised by
shepherds from the eastern central Welsh mountains and the Brecon Beacons to
drive their summer flOCKS to the wintering pastures of the Cardiganshire
coastal plateau Wavies 19351.

Fig. 6 illustrates the planting of the catchment by Forestry Commission
compartment number, date and species. Planting was conducted down to the
laKe edge. Prior to planting the site was ploughed/drained. 2.5 ha of
compartment 263 was hand spread with GMP prior to planting. Compartment 270
was similarly treated soon alter planting at about 250 kg ha-'. In 1964
and 196B phosphate fertiliser was applied by hand to compartment 267. The
catchment was spread with phosphate/potassium fertiliser from the air in
1973 at a loading of apprOXimately 250 Kg hr' !R. Gattis pers. comm.).

By the early 1970s the shallow drains and furrows that had provided rooting
and drainage for the young trees were proving inadequate for the needs of
maturing trees. Consequently ca. 1974 deep drains, approximately 20 m apart
were driven through the entire forested area (R. Hughes, M. Morgan pers.
comm. l •

Subsidiary management practices

There is no evidence that any part of the catchment has ever been managed
for game.

Air photographs (10) show features in the north of the catchment (now under
forest) which may represent old peat excavations. The proximity of the road
at this point (Fig. 6) suggests that this would not be infeasible but there
is no documentary evidence for the presence of a turbary.



5.0 Discussion

It is clear from the LOI, dry weight, diatom & pollen evidence that the SER
I core is characterised by a distinct inwash phase. The most likely cause
of this inwash is the result of ploughing and afforestation activities
within the catchment. The presence of a mineral-rich sediment from 30-20
cm followed by an overlying black organic sediment suggests a significant
amount of sub soil erosion followed by continued peat erosion. This inwash
cannot be expected to have come from the rather superficial ploughing of the
catchment that took place in 1962-63 ISection 4.2.21 but must derive from
the extensive deep drains emplaced in 1974. Furthermore, the lack of any
indication of the initial catchment ploughing in the sediment below 30 cm
the lack of unsupported 21QPb below 20 cm suggests that a hiatus must exist
at 30 cm. This hiatus could have been caused by removal of sediment by the
inwashed material or the absence of sedimentation in the cored area of the
lake until the arrival of inwash material at that site.

Therefore, it is assumed that the
Those below the hiatus contain
pre-date ca. 1800.

sediments above
no unsupported

cm are post-1974.
and consequently

5.2 pH RECONSTRUCTION

The lake pH can be reconstructed from the core by Including the diatom pH
preference group percentage data into the three pH reconstruction models;
lnde,: B (Scandanav!a!, Index B (Gallowayl and Multiple Regression of pH
preference groups against pH (Gallowayl (Flower 19861. All three models
clearly show a decline in pH through time (Fig. 3li with values in the range
pH 5.4-5.9 below 30 cm. Values decrease across the inwash band to pH 5.0
and below In the upper organic unit. Of the three pH models the multiple
regression equation comes closest to predicting pH in the top sediments
where water quality data are available for comparison. The Index G models
show the same trend but with an extended range of values.

The pH history of Llyn Ber.yn given by the sediment core can be divided into
two units separated by the mineral inwash or hiatus boundary at 30 cm.

The diatom assemblages of the pre-hiatus sediment are dominated by
acidophilous forms with circumneutral and alkaliphilous taxa contributing up
to 40% of the total count. In this respect Llyn Gerwyn is unusual.
Pre-1800 sediments in other recently acidified lakes in Galloway IFlower &
BaUdrbee 1983, Janes ill. lli 1986, Flower ill.lli 1987) and in nearby Uyn
Hir (Frltz ill. lli 1986l have a more diverse circumneutral and alkaliphllous
flora, with species such as Achnanthes minutlssima, Anomoeonei. vitrea and
planktonic Cyclotella in abundance. The Berwyn flora at this time is more
acidophllous and the reconstructed pH gives a maximum value of pH 5.9
using Index S (Galloway) and pH 5.8 with the multiple regression model.
Although we do not know how far back in time this core extends, It would
seem unlikely that Llyn Berwyn had a mean pH greater than pH 6 in the retent
past.

The interpretation
There can be little
from the catchment

of the upper 30 cm of sediment Is more problematic.
doubt that the mineral-rich band from 20-30 Cm Is Inwash
drainage but the absence of unsupported 210Pb in this
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DOWN-CORE pH RECONSTRUCTiON
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s.ct~Dn cannot b. the result of dilution by Inwashed sediment alone since
the diatom concentrations are not markedly reduced A possible explanation
is that the sediment contains re-suspended older material rich In
diatoms but lacking unsupported "opb. In this case the diatom assemblages
do not necessarily reflect a decline in lake pH during the period
represented by the 20-30 cm inwash.

The 20 cm level is the lowest level with unsupported 2'QPb but for reasons
outlined above Is thought to date from shortly after 1974, The
reconstructed pH of this level is 4.7 and this declines to 4.5 with the
increase In acidophiles at 15 cm InclUding A.ralfsil, a species associated
with the high humic acid concentrations resulting from catchment peat
drainage (Liehu ~ ~. in press). In general, the data show a clear
post-afforestation acidification but It is not clear whether an earlier
acidification prior to planting has occurred.
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I. The purpose of this exercise was to save riverine fish whose habitat
was being destroyed by a drainage scheme.

2. For a definition of these terms see Patrick (19B61.

3. Tithe map and schedule of Caroo. PRO Kew, IR 30 46/10 (part !l map A.

4. First edition surveyed 18B7, pUblished 1891.
Second edition surveyed 1904, published 1906
Provisional edition ammended 194B, published 1953.

5. Manuscript held at the LSE archive.

6. Manuscript six inch sheet no. 364, King's College London, Geography
Department.

7. Air Photograph Office, Welsh Office, Cardiff. Plates 372
3189, 4192, 4193. Flown May 4th 1946, scale c.I,IO,OOO.

3188,

8. 1:25,000 maps and computer files containing land use information
held at the Countryside Commission, Newtown, Powys.

9. PRO IKew) class list MAF 6B.

10. See note 7.
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Appendix A: BI-oee,ly I.,. chemistry d,t, for Llyn Sery.n Ibelore .nd .Iter li.log)
(Courtesy of WWAl

Oat. pH Conductivity Total Total Fr•• Total Chloride
O,idis.d Hardness Carbon dioxide m.linity
Nitrogen

20°C us c." 'B 1" OB 1-\ .g 1-\ OB I-I .B 1-'

05/t01B3 4.2 59 O. 1 6.0 3.4 9.0
21111183 4.4 59 0.1 5.1 3.7 8.0
131121B3 4.3 55 0.1 5.B 4.2 9.0
04101184 4.1 63 0.2 5.1 5.0 8.0
23101184 4.1 64 0.1 4.8 10.0
02l021B4 4.3 62 0.1 4.6 6.3 9.0
141021B4 4.3 59 0.1 4.6 4.B 10.0
06103184 4.3 59 0.1 5.0 b.! 9.0
06104184 4.4 60 O. I 2.7 5.2 10.0
18104184 4.4 60 0.1 4.5 10.0
301041B4 4.3 5B 0.1 4.3 10.0
18105184 4.4 59 0.1 4.B 5.4 10.0
31105184 4.4 57 0.1 5.2 10.0
12106184 4.4 59 0.1 5.6 5.9 10.0
281061B4 4.5 57 0.1 4.3 10.0
04107184 4.5 59 0.1 4.5 6.9 10.0
18107184 4.4 57 0.1 4.1 7.8 10.0
03108184 4.4 59 0.1 5.1 10.0
10108184 4.4 59 0.1 4.4 10.0
07109184 4.5 56 0.1 5.5 6.2 0.2 10.0
01110184 4.4 64 0.1 5.2 6.3 10.0
19110184 4.4 62 0.1 5.1 7.5 10.0
10112184 4.2 59 0.1 4.9 5.8 8.0
28101185 4.2 56 0.1 3.6 4.9 B.O
29101185 5.5 43 0.1 1.9 2.8 1.7 7.0
27102lB5 4.4 51 0.1 4.3 4.9 8.0

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

02104185 6.3 46 0.1 8.B 2.3 3.9 B.O
10104185 6.B 52 0.1 11.b 2.1 b.9 8.0
01105185 6.7 53 0.1 12.9 2.3 9.1 8.0
22105185 6.9 54 0.1 13.3 2.1 7.b 8.0
W06185 6.5 51 0.1 12.4 2.3 5.9 8.0
20106185 6.3 49 0.1 13.3 2.9 5.5 8.0
041071B5 6.2 45 0.2 12.1 2.5 5.1 7.0
lBI07l85 6.4 42 0.1 4.0 7.0
01l0BI85 42 0.1 10.1 6.0
1510BI85 6.0 40 0.1 8.7 6.0
051091B5 5.6 38 0.1 7.8 4.l 2.5 7.0
19109185 5.6 40 0.1 7.6 3.4 2.4 6.0
19109185 5.7 39 0.1 7.8 2.8 2.7 6.0
03110185 5.7 39 0.1 B.l 3.0 2.4 6.0
04110185 5.6 40 0.1 9.3 2.B 2.1 6.0
17110185 5.5 40 0.1 7.6 3.7 1.7 7.0
29110185 5.5 48 0.2 7.4 6.4 3.7 7.0
07111185 6.3 49 0.1 12.8 4.1 6.6 1.0
21111185 6.3 53 0.2 4.2 7.1 7.0
05112185 6.2 47 0.1 11.3 3.l 5.6 6.0
18112185 6.0 47 0.1 9.B 3.6 3.6 7.0
18101186 5.7 43 0.2 8.5 2.9 2.8 7.0
12102186 5.7 49 0.2 8.7 3.1 2.0 7.0
27102186 5.7 50 0.2 B.6 3.9 2.5 9.0
12103186 5.2 44 0.1 7.7 3.4 1.5 B.O
26103186 4.8 53 0.1 7.6 6.9 1.1 7.0

cc



Date Orthophosphate 01 ssul ved Dissolved Di ssol vod 015501 ved Di ssoi ved Di 5501 yed
Silica Sodium Potassium C.lciu. linc

1-' )

05110183 0.02 10.0 4.9 0.17 LlO
211l!183 0.02 O.B 8.5 4.5 0.15 0.90 0.014
13112183 0.02 0.6 10.0 4,4 O.IB LOO 0.015
0410llB4 0.02 0.7 a.o 4.b 0.15 0.90 0.031
23101184 0.02 0.7 9.0
02102184 0.02 0.6 8.0 4.6 0.13 0.70 0.013
14102184 0.02 0.6 a.5 5.1 0.40 0.70 0.024
06103184 0.02 0.6 8.0 4.l 0.17 0.70 0.015
06104184 0.02 0.5 7.5 3.0 0.19 0.43 0.021
18104184 0.02 0.5 8.0 5.0 0.36 0.65 0.022
30104184 0.02 0.5 8.0 4.1 0.60 0.74 0.020
18105184 0.02 0.2 7.5 4.! 0.36 0.67 0.023
W05184 0.02 0.3 7.0 4.6 0.51 0.78 0.025
12106184 0.02 0.2 7.0 5.3 0.58 0.94 0.016
28106184 0.02 0.2 7.0 4.0 0.23 0.58 0.021
04107184 0.02 0.2 6.5 5.4 0.19 0.65 0.027
18107184 0.02 0.2 7.0 3.8 0.14 O.bb O.Olb
031081B4 0.02 0.2 6.5 4.7 0.89 0.014
1010BIB4 0.02 0.2 8.5 5.0 0.16 0.60 0.021
07109184 0.02 0.3 10.5 5.1 0.28 0.88 0.026
01l10lB4 0.02 0.4 9.5 4.B 0.26 0.92 0.019
!91!0184 0.02 0.5 13.5 4.4 0.24 0.73 0.007
10112184 0.02 0.7 5.9 4.5 0.2B 0.83 0.021
28101185 0.02 0.7 5.6 3.4 0.13 0.61 0.014
29101185 0.02 0.6 4.0 3.b 0.10 2.34 0.009
21/02185 0.02 0.7 7.1 3.7 0.10 0.72 0.027

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

02104185 0.02 0.7 6.5 3.9 0.10 2.52 0.017
10104185 0.02 0.6 6.2 4.1 0.05 3.65 0.013
Oli05185 0.02 0.7 6.5 4.3 0.10 4.1. 0.015
22105185 0.02 0.5 6.2 4.0 0.24 4.32 0.014
!!i061B5 0.02 0.3 6.3 4.1 0.18 4.l2 0.01l
201061B5 0.02 0.2 6.3 4.0 0.21 4.33 0.009
041071B5 0.02 0.2 6.5 4.2 0.24 3.84 0.021
18107185 0.02 0.2
011081B5 0.02 0.2 6.1 4.0 0.10 3.23 0.013
1510BIB5 0.02 0.3 5.2 3.4 0.21 2.67 0.017
05109185 0.02 0.3 4,8 3.1 0.20 2.46 0.013
19109185 0.02 0.4 5.0 3.2 0.11 2.40 0.039
19109185 0.02 0.4 4.b 2.9 0.13 2.48 0,012
03110185 0.02 0.4 4.4 3.4 0.10 2.40 0.010
04110105 0.02 0.4 4•• 3.5 0,10 2.88 0.012
17i!0185 0.02 0.5 4.2 3.b 0.13 2.20 0.022
29110185 0.02 0.5 3.8 3.2 0.10 2.31 0.043
07111185 0.02 0.5 5.6 4.14 0.013
2tlW85 0.02 0.5 4.4 3.6 0.05 0.009
05112185 0.02 0.6 4.4 3.4 0.12 3.70 0.012
18112185 0.02 Q,b 4.7 3.5 0.12 3.10 0.014
18101186 0.02 0,6 4.1 3.5 0.12 2.57 0.016
12102186 0.02 0.7 4.4 3.B 0.21 2.65 0.013
27102186 0.02 0.7 4.4 3.b 0.23 2.62 0.021
12103186 0.03 0.5 5.0 3.7 0.29 2.27 0.028
26103186 0.02 0.6 3.1 3.7 0.21 2.20 0.020
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Date Dj ssol ved DI£snlved Dj ,"Dived Dissol ved Dj "01 ved Dissolved Di5501 ved
Copper Cad.iu" Alu.j"lu~ Lud Chrn.iuo Manganese Iron

log 1~11

05/10/83 O~ 007 0.0009 0.070 0.002 0.515 0.230
2l/ll/83 0.0004 0.140 0.002 0.530 0.258
13/12/83 0.0004 0.130 0.002 0.435 0.198
04/0l/84 0.0004 0.070 0.002 0.316 0.190
2310l/84
02/02184 0.0004 0.110 0.002 0.335 0.212
14/02184 0.0004 0.160 0.002 0.340 0.212
Obi03/84 0.0008 0.150 0.004 0.340 0.192
06/04/84 0.0008 0.078 0.005 0.311 0.827
18/04/B4 0.001 O.OOOB O.lBO 0.005 0.001 0.437 0.lB4
30/04/84 0.001 O.OOOB 0.162 0.005 0.001 0.425 0.172
18/05/84 0.001 0.0008 0.090 0.010 0.001 0.531 0.111
3l/05/84 0.001 0.0008 0.153 0.005 0.001 0.551 0.099
12/06/84 0.001 O.OOOB 0.123 0.005 O.OO! 0.553 0.124
2B/06/B4 0.001 0.0008 0.16! 0.006 0.001 0.648 0.104
04/07184 0.001 0.0008 0.117 0.005 0.001 0.564 0.088
18/07/84 0.001 0.0008 0.093 0.005 0.001 0.497 0.158
03/08/84 0.001 0.0008 0.090 0.005 0.001 0.627 0.167
10/08/84 0.003 0.0014 0.082 0.022 0.001 0.579 O.ll!
07/09/84 0.001 0.0008 0.116 0.005 O.OO! 0.808 0.258
01110/84 0.002 0.0010 0.108 0.013 0.003 0.582 0.245
19/10/84 0.001 0.0008 0.106 0.016 O.OO! 0.728 0.266
10f!2/84 0.002 0.0010 0.159 0.015 0.003 0.495 o.m
28/0ll85 0.002 0.0010 0.152 0.020 0.003 0.375 0.299
29/01/85 0.002 0.0010 0,113 0.002 0.003 0.030 0.380
27/02/85 0.003 0.0010 0.221 0.005 0.003 0.477 0.339

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

02/04/05 0.002 0.0010 o.m 0.005 0.003 0.427 .0239
10/04/05 0.002 0.0010 o.m 0,005 0.003 0.351 0.254
01/05/85 0.002 0.0010 0,097 0.005 0.003 0.296 0.310
22105/05 0.002 0.0010 0.105 0.005 0.003 0.239 0,395
WOM85 0.002 0.0010 0.094 0.008 0.003 0.130 0.541
20/0&/85 0,003 0.0010 0.090 0.005 0.003 0.078 0.545
04/07/85 0.002 0.0010 0.080 0.005 0.003 0.046 0.505
18/07185
01/08/05 0.002 0.0010 0.092 0.002 0.003 0.011 0,421
15/08/05 0,002 0.0010 0.086 0.002 0.003 0.015 0.416
05109/85 0.004 0.0002 0.102 0.002 0.003 0.030 0.541
19109/05 0.010 0.0010 0,110 0.002 0.003 0.040 0.549
19109185 0.002 0.0010 0.060 0.002 0.003 0.032 0.547
03/l0/85 0.002 0.0010 0.100 0,002 0.003 0.004 0.620
04/10/85 0.002 0.0010 0.110 0.002 0.003 0.040 0,636
17/10/85 0.002 0.0010 O. 110 0.002 0.003 0.050 0.600
29/10/05 0.002 0.0010 0.100 0.003 0.003 0,054 0.570
07/W85 0.002 0.0010 0.137 0.002 0.003 0.021 0.695
21/11/85 0.002 0.0010 0.100 0.006 0.003 0.032 0.60&
05112185 0.002 0.0010 0.099 0.002 0.003 0.029 0.570
18/12185 0.002 0.0010 0.110 0.002 0.003 0.029 0.5l!
18/0l/86 0.002 0.0010 O.ll! 0.001 0.003 0.022 0.598
12102106 0,002 0.0010 0.113 0.002 0.003 0.028 0.400
27102186 0.002 0.0010 0.129 0.002 0.003 0.023 0.459
12/03/8& 0.002 0.0010 0.105 0.002 0.003 0.035 0.313
26/03/86 0.002 0.0010 o.m 0.018 0.003 0.032 0.151



Date DissolvED Humic
Nickel ad D
mo 1-1 00 J~I

05110183
2l1ll183
131!2183
04101184
23101184
02102184
14102184
0,103184
00104184
18104184 0.001 0.8
30104184 O.OO! 1.0
18105184 0.002 0.7
31105184 0.002 0.4
12106184 0.001 0.3
2810,184 0,002 0.3
04107184 0.001 0.4
18107184 0.001 0.7
03108184 0.001 1,4
10108184 0,007 1.1
07109184 0,001 1.5
Oll10184 0.003 2.3
19110184 0,002 2.7
10112184 0.003 4, I
28101185 0,005 4.4
2910lf85 0,003 6.0
27102185 0.004 3.l

02104185 0.003 3.7
10104183 0.003 4.6
Oll05fB5 0.003 5.0
22/05185 0.009 6.1
WOM85 0.003 5.3
20106183 0.003 6.!
04107185 0,003 6,4
18107185 4.8
01108185 0.003 6.9
15108185 0,003 7,5
05109185 0.002 7.3
19109185 0.004 7,5
19109185 0.007 7.6
03110185 0.003 7.1
04110185 0.003 7.3
!lilO185 0.003 8.3
29110185 0.003 8.3
07111185 0.003 8.9
211 W85 0.003 8.3
05112185 0.003 7.7
18112185 0.003 7.7
18101186 0.003 6.4
l2I02l86 0.003 ,.1
27102186 0.003 ,.2
1210318, 0.003
26103186 0.003 4.4
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Appendh B Invertebrale tau IOlind at L1yn Ber~yn prior to lioiog
(Courtesy 01 WWAI

Log abundan,. rating

Polyceli. nigra/lenuis
Phagocilh Yith

Mollusca
PistdluA sp,

O! i goch,et.
N.is comsunl./variablls
Vjdovskyell, conn,l,
Enchylraed,.
Luobarlus varieg.tu.
Styladr!l", heringi.n".

Eph••eropiera
Leptophlenia vespert!n.
L. Yespertina

Plecopter.
Neeoura cinerea
Neaoor' ".bri,.
Leo,tr, hippopu,
L, nigra

H••iphra
Noton.,t. glau"
61,en,ori,. proplngo.
C,III'Dri" pr,eu,t,
C. wDoh,tonl
Ar,to,oris. germarl
Slgara dorasll,
S. distincta

Coleoptera
Potaeone,te, elegan.
Stl,tot.rsu. duode,lopus!ul.t"s
Hydropor", p.lo.trls
Agab"s gutt.tus
A, blpustulatus
Oli.niu, t"bere"latus

Heg,l npter.
Si,lis luhria

lr!thoptera
Ple,tro,ne.l, consper.a
P. genitulato
Polycentropu, flavo••,ul.tus
P. Kingi
Cyrous II avl dus
Agtyp"i. obsDlet.
lioneoephilus tentr.lis
Cl ogul atu, .lat! penn i 5

H.lesus r.di.tus
H. dig! t.tus

Oipte"
Ceratapagonid.e
Atrichopogon sp.
M.,ropelopl. sp,
Proti.diu. sp.
Anlanesy.ia sp.
N.larsi. sp.
Heterotris,o,l,dlus ••rtidos
U.nophye. sp.
Ialut'thi. hu.phresl.e
Psectro,l,dlU" 11mbell.tus gp.
P. psilopteru,
p, octo••,ul.tus
P, Ottoo.,.l.tus/ lioo.tell"s gp.

3
I

I
2
I
3
3

2
3

2
1
I
2

I
I
1
3
2
I
!

2
I
I
2
!
2

2

2
I
2
3
2
2
2
I
2
I

2
1
2
2
3
I
2
I
3
I
I
2
3

Dlphra ctd
Chaetae! adl us
Caryneur. lacustris

Crypto,hironoous sp.
Slyptotendlpes sp, Agp.

Ol,rotendipes sp.
Hicrotendlp@s pedellus
Tantytilrsus sp.

Abund.n,e categories

I = 1 - 10
2 = II - 100

3 = 101 - 1000
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log abund.n,. rating

!
3

2
3

2
3
3
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APPENDIX D

1 Mala Imu kin mfillmar.Ttimfn mnHn!omin De them Fe/Mo maSlamln,
551 BSI 1921 50.2 0.61 0.5 742 65

22.96 52.0 1.0 I.'" 502 OJ)

1951 41.5 0.9 251 426 1.0
41.9 1.1 35 35.51 0.0

10 436 1.61 ~§ 212 8.9
202 48.3 2.1 5.L' 225 11.3
243 55'3 2.7 f---. 651 21.0 0.0
34.1 701 2.1 7.51 32.0] 0.0
2431 593 2.41 8.5 245 9.3

8. 21.7 61.9 3.6 9. 166 14.3
10f 259 7eO 49 10. 15.8 166
9 164 46 11. 1581 16.2

5442 4.7 13 13.7 0.0

760 6.7 I 14~ 112 0.0
79.9 5.9 15 13 j 21.3
796 7.1 17. ILl 21.'
eLl 64 16 126 179

5l.6 2.7 19. 18.9 n
30.5 59.3 \.91 2O. 31.1 46
29.0 49.3 1.2 21- 3651 2.3

45.9 1.2 n 37.0 2.3
41.9 1.0 23. 39.2 1.8

273 45.5Q l.Il
, 24. 41.1 1.4

43.0 1.0
, 25. 39.60 1.5

43.9 1.0 26. 4.2.1 2.1

"A l.21 27. 386 0.4
51 1.3

28.g 37.5 2.1

1.6 29.~ 32.3 1.7

23' 58.7 1.6 30.S 32.6 2.5

2051 578 1.9 31.5 3O.' 3.1

21.11 595 2.0 33 29.1 2"6

a.' 54.9 1.6 345 292 1.7

51.7 1.9 35. 26.7 2.6

52.51 1.9'
37. 275

19 51> 1.8 38. 2802

53.7 1.8 39. 284 1.61

530 1.6 40. 286 2.'
54.9 1.6 4i. 29.9 2.5

534 1.7 42. 30.1 2.4
B 515 1.7 43. 29.1 1.8
8 532 1.6 44. 26.5 2.1

546 1.6 45~ 26.91 2.0

1.7 465 303 2.01

Le 47.g 27.6 2.3

1.8 48.5 298 1.8

L7 49.5 309 1.7

1.8
SOg 28.2 2.2

7 525 - 1.6 51. 289 1.4

6 57.5 1.9 52. 29B 2.7

56 2.0 53. 27.2 3.1
55. 2.0 54. 273 3.0

55 2.'
55. 26.• 3.2

16 55.7 2.0 56. 27.0 3.0
\6 56.3 2.1 ( 57. 259 2.•
5.8 55.• 2.0 58. 26.7 3.2

59 67 21> 542 2.0
, 59. 265 2.

a 556 2.1 1 60.g 25.91 3.2
6 52.8 2.01 61. 262 3.4
a 55.5 2.1 62. 25.3 3.7

58.1 2.2 63. t 3.6

56.5 2.1 64- 3.7

559 2.1 65. 3.1

56.5 2,01 66. 27.3 3.0

55.7 20 67. 272~ 2.9

56B 22 66. 25.B9 3.2

543~ ~#
69. 26.12 3.B

56.96 2.11 70. 26.9 2.9

55.' 20 71. 265 2.9

5M
, 72- 26.9 3.11

57.1 ~-1- 73. 263 3.0

56.6 H . 74.~ 25.5 2.922
57.5 221 75.5 260 :1.1
555 2.0 72~ 26.9 2.9

I' 55.5 20 n n~ 2.8

536 2.0 7e'l 1.9
795

26.0

H 2~.J~ 2.3
Bog 2.926.5

2. 61.5 25.18 0.0

6 '.9! 90' 1.3 62.!i 25.18 0.0
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