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Summary

i1 The LO1 and dry weight profiles demonstrate a period of soil inwash
probably ascociated with catchment drainage in 1974,

ii}  The #1°Ph inventeory of the core is incomplete and indicates strang
dilution and missing sediment below 20 cm. The data suggest a hiatus in the
core occecurs at about 30 ce representing a2 time gap of at least 150 years.

iii} 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 froe 30-20 cm  is
thought to be an ertefact of the rewnrking of older sediments taused by the
post-1%74 inwash event. The more recent pH decrease starts B-13 com above
the hiatus. This is rcharacterised by a large expansion of fA.ralfsii and
Cymbella operpusilla and indicates a water pH of 4.5-4.7 and conditions
similar to those observed for the lake ismediately before liming in 19B4.

ivli Although the problems of a hiatus in Llyn Berwyn core prevent & full
and detailed interpretation of the last 130 years history of the lake, the
trace metal, sulphyr and "CP" results do provide firm evidence thalt the
iake has been tontaminated by material deposited from the atmosphere. This
started sometise before 1974, probably some tens of vyears, but trends of
atmospheric contamination cannot be assessed.

v While the post-hiatue polien record is obscured by the secondary
reworking of pollen +from eroding blanket peats, the pre-hiatus pollen
profile shows an already open moprland landscape with a few relict woodland
populations of oak and birch.

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

vill & comparison of the pre and post-hiatus diatom assemblages show that

the lake has been acidified by approximately | pH unit {prior to liming!.
However, because of the uncertain dating the timing of this acidification is
unkown,

viit} # 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 snalysis of a core containing a3 complete sedimentary record of the
i9th  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 {i+
such exist) are reguired.
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1.0 Introduction

Surface water acidification is recognised as one of the most important
environnental probless in Europe and North America, vyet despite the
piopeering work of Gorham on precipitation chemistry in Cumbria {(Borhan
1938} the extent of acidification in the UK is still not known. In earlier
papers Flower and Battarbee 1983, Battarbee et al. 1985 & Jones et
al., 1984} we established that both non-afforested and afforested lakes on
granitic rocks in Galloway, South West Scotland, were strongly acidified,
and that the most likely cause of the aridification 1in the nop-atforested
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 5.9 ocecurring within areas of high acid deposition are acidified due to
an increase in acid deposition over recent decades. To date uwe have
established that Llyn Hir in west WHales, a lake with a non-afforested
catchment, has been strongly acidified in the same way and over 4 similar
time period to the Galloway lakes {Fritz et al, 198B&)

However, it has also been shown that in the case of Loch Fleet (Anderson et
al. 1984} afforestation has plaved an important vrole in the acidification
gf the lake, supporting the cbservations of Harriman and Morrison (1982} and
Stoner and Gee {1983} that afforested stream catchments are wmore acidic,
have higher concentrations of 50s and A1, and poorer fisheries than moorland
control streans,

LIyn Berwyn (Fig. 1} is  one of tuo afforested sites selected o
investigate the relationship between afforestation and lake water acidity in
Wales. At present the catchment is B80% afforested and a marked fishery
decline pccurred shortly after the afforestation in 1963. The lake has been
recently limed {Underwood st al. 1986} but the pre-liming pH was 4.3. The
mean pH of precipitation is * 4.3 and the annual wet sulphate loading is {.2
- b g m% oyrot (Figs. 2 & 3.

Qur approach involves the use of diatom analysis to reconstruct past pH
values; ='°Ph  analysis to establish S fake sediment chronology:
geochemical and ‘“soot” analyzis to trace the history of atsospheric
contamination: and pollien analysie and land-use history studies to evaluate
the influence of catchment changes on the past ecology of the lake.
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2.0 Site detalls

2.1 Lake

The lake lies at an altitude of 438 m in an area which regeives rainfall of
2000 mm yr-'. Llyn Beruyn is an gligotrophic lake draining & catchment of
0,96 ka®R, The detailed bathymetry (Fig. 2} vreveals that the lake is
composed of a single Dasiny 14 nm deep, surrounded by an exiensive shallow
rim. The lake has & mean depth of 3.25 a and a volume nf 417,635 »= and
displays minimal variation in water level {(Table I % Underwoond el al. 1986},
The +former drainage network was poorly formed until deep forest drains
were cut in 1974 isee seciion 4§.2.2). The lake has two very small inflows
and the oputflow, Nant y Liyn, drains to the south east {(sean flow 0.03% m®
£, Underwpod et al. 1986} (Fig. 4l.

Table | Lake Characteristics

Area 130,350 m®
Yolume 417,635 m°
Haximum depth 14 n
Hean depth 3.23 @

2.1.1 Hater chemistrv, pre % post-liming

Llyn Berwyn, together with Llyn Hir {see Fritz et al., 1984}, wuwere the
subject aof a detailed liming ewperiment by the WHWA designed to ameliorate
the ecidity of the lake and provide conditions suitable for +fish
populations. Detailed results may be found in Underwood et al. (1986},
Before liming, pH at Liyn Berwyn varied between 4.1 & 4.3 with very low
levels of dissolved caleium (0.4 - 1.0 mg 1-*). After liming on the | & 2
fpril 1985 pH, alkalinity and dissolved calcium all increased significantiy,
while dissolved metal concentrations, especially aluminium, decreased (Fig.
3, Appendix Al Subsequently, oH, alkalinity and dissolved calcius 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 tUnderwcod et al. {9846} some two months earlier than predicted.

2.1.2 Lake flora and fauna

& survey before liming by the WA showed that the leaty liverwort, Nardia
compressa, was the dominant macrophyte in the littoral zone together with
Drepanccladus $luitans, Isoetss igfustris% and Fonotipalis sguampsa. The
only macrophyte recorded at depth was Bpohagnum acutifolium & common plant of
highly acidic, oligotrophic waters in Galloway (Raven 19B6). Compared to
Liyn Hir, Lliyn Berwyn supported a more diverse macro-invertebrate population
before liming with up to 63 species, but all characteristic of sligotrophic
waters (Appendix B, WWA 1986, B. Morrison pers. coanr.!.

2.1.3 Fishing history

A rapid detericration of the fishery was vrecognised im Llyn Beruyn from
ca. 1974 (R. Hughes, B. Jones, M. Morgas pers. comm.). By the early 1980s
the lake only supported a population of eels (Upderwood st al, 1986},

{Nomenclature folliows Tutin et al (9&64-1980}

10
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Before this decline Liyn Berwyn was noted as  an  excellent troubt fishery.
Cliffe {1B&0) described two fishing days during which 44 trout weighing
upwards of six ounces were landed. Subseqguent authors confirmed the health
and viability of the fish stock (Morgan 1874, Bradley 1903, MWard 193{, Rees
19363 . Ward (1931} noted that the fish averaged eight ounces in weight, many
being much larger, and that their guality 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. Horgan
pers. comm.}. The diversion did not s=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 19305 {(Underwood
gt al. 1984, R. Hughes, &. Jones, M. Morgan pers. comm.i.

The Forestry Commission acquired the fishing rights in the late 1950°s prior
to the plantation of the catchment. Tregaron Angling Society leased the
tishing from the Forestry Commission in the early 1960s. [t is from this
period that & gradual decline in fish catches was first noticed (M. Morgan
pers. camam.}.

Fish from the River Teifi were introduced to the lake in the aid 1960s {1},
hut they did not establish themselves. An attempt to stock with fish from a
neutral water hatchery in the late 194605 failed totally, with 10G0%
mortality iaside a week (M. Morgan pers. comm.).

Underwood et al. (©1984) 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, 1t should alsoc be noted that the
griginal decline from the early 1%60s coincides with the preparation and
planting of the catchment with conifers, and with sasier access for anglers
by the aew forestry road. The sajor decline affer ca. 1974 is coincidental
with the deep drainage of the maturing forest (Section 4.2.2}.

Following liming by the WHWA in April 1985 the lake was successfully stocked
with 600 brown trout (Underwood et al. 19B&).
2.2 Catcheent

Llyn Berwyn occupies an acidic, blanket peat covered, upland site of sone
767,371 a= pf which the lake coccoupies 130,331 »® {Table 2%.

Table 2 Catchaent Characteristics

Total catchment area 267,571 m=

frea of land in catchpent 837,020 a*®

Area of lake 130,331 »"®
Catchment/lake ratio h.472
Maximum relief 467 1

2.2.1 Gegloagy

Base pour, lower Palaegzeoic, Bilurian pudstones and shales dominate the
genlogy {Rudeforth 1970%. These largely impermeable rocks are resistant to

]



chemical weathering and the drainage waters are of Ilow hardness {(Underwood
et al. 19881, Detailed geological  mapping is not vyet available but
a8 survey by the BGS is in progress nearby (R. Bazley pers., cosm.)

2.2,2 Boils

The dominant soil type of the catchment belongs to the Crowdy peat series
(10i3al. Typicelly, these are amorphous blanket peats often up to 2 =@
thick., Other soil types within the catchment are those belonging to the
Hiraethog series of the Hafren association (454a) and  are  chiefly
stagnopodzols and stagnohumic gleys (Rudeforth et al, 1984). Typically
these soils are thin {30-40 cmi with a wet peaty surface horizon and
bleached subsurface horizons, often with a thin ironpan.

2.2.3 Present Vegetation

Before afforestation in 1962-19463 Llyn Berwyn had a blanket peat catchment
covered by extensive fiolinig cagrulea and Eripophorum vaginatunm
interspersed with small areas of HNardus grassland. Gphagnum {eg.
S.cuspidatum, S.papilflosum & S.compactumi, Polytrichum compune, Aulocomniunm
palustre and Tricogphorum caespitnsus were alsc common. The catchaent uwas
afforested with sitke spruce {(Picea sitchensis) and lodgepole pine {(Pinus
contortal in 1942-1963 and these dominate the present catchment vegetation.
A small area of dJdapanese larch {Larix kaempferi} was planted on the better
drained hillsides to the west in 1960. Fig. & illustrates the planting
regime of the forest. Remains of the former vegetation cover are restricted
to areas arcund the edge of the present forest and to the south and
northeast of the catchment (Fig. &}.
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3.0 Hethods

1.1 Surveying

[

The lake bathymetry was surveyed using the technigues described in Stevenson
et al, 1987. Shore surveying stations were located adjacent to the inflow

and nutflow.

5.1.2 Collection of spdiment cores and routine laboratory measurement of

sediment characteristics

Cores were taken usinmg a2 Mackereth mini-corer {Mackereth 196%) operated fronm
ari inflatable boat, GSampling was carried out during July 1984 (Fig. 2}.
Core BER I was used for dating and analysis.

Core BER I (B3 cm! was extruded in the laboratory and sliced into i cm
slices. The top 50 cm of sediment was sub-sampled at | ca intervals for dry
weight, loss on ignition f{at 3530°C), wet density measurements. The
lithostratigraphy of the core was recorded using the Troels-Bmith method of
sedipent description {(Troels-Smith 1983). The remaining core was sampled at
2 cn intervals.

Analyses for dating, magnetics, chemistry, soot, diatoms and pollen were all

conducted according to the standard methods set out in Gtevenson e
al. 1987},

16



4.0 HRegultp

4.1 Lake history

5.1.1 Sedipent Description

The core contains three stratigraphic units ({Fig. 7}; a black organic
sediment containing fibrous bBryophvte remains down to 20 cmy; a gritty,
grey-brown mottled band composed of mineral and organic material from 20-28
e where there is a gradual change to 2 dark brown organic unit from 30 ca
down to the base of the core at 81 com. These <changes are reflected in the
percentage dry weight, loss on ignition and wet density profiles {(Fig. 8},
The dry weight anpd wet density graphs ¢&how increases in the Z0-30 ca
section, all indicative of rapid inawash of catchment materials, Loss on
ignition decreases in thiz section bubt increases rapidly from 32% at 22 cam
to a peak of 734 at 15 cm, followed by 2 decline to values around 307 at
the surface.

4.1.2 *19Ph dating

Sediments from BER | were analysed for ='9Ph, =22¢Ra at Harwell #.E.R.E.
Additional measurements for *'°2Ph, *%¢Ra and '*7Lg were carried ocut by ganmnma
spectrometry at Liverpool University (Appleby et al., 1986}, The **°Ph and
F2&Ra results are given in Table 3, and shown graphically ip Figs. 9 & 10,
The **7{c resulis are given in Table 4 and Fig. 1!, Tabhle 5 gives values aof
& range of other radioisotopes determined from the gamma spectra. The
tables also give results of the analysis of & single sample from a second
core {(BER Zi.

Fig. 12, Tables 7 & 8 show the 2'°Ph rhronolegies #ogr BER I given by the
£RS and CIC dating models {Appleby and Oldfield 1978}, assuming that the
“4°Ph inventory of the core is complete. The two nmodels give results
which diftter in detail, hut voth indicate i1%9th century dates for
sediments below ca, 13-14.5 cme. These resvlits are incompatible with the
sedimentary data, which indicate that sediments down to ca. 30 &m are mainly
post-1970¢ inwash material. Sediments between 23 cm and 2B cm have a low
organic matter content and high bulk density typical of aminerogenic inwash.
They alsoc have high 2®2#Ra conctentrations, and high =°%U and 2% values
{Table 5!, Sediments above 21 cm have a high organic matter content, low
bulk densifty, and low 22Rg, T8y and 7K concentrations, and are
assumed to derive largely from peat inwash. This can only be esuplained by
supposing  that the 2'°pPh ipventory is incosplete and that there is a
hiatus in sediment accumulation.

Table 6 compares Z'°Ph and *77Cs parameters for Llyn Berwyn (BER I) with
corresponding parameters from Llyn Hir (HIR I} (Fritz et al, 19B6F and Llivyn
Gynon {GYN 3} {(Htevenson et al, 1984). The measured 2'°Ph  inventory of 9.7
pCi em~® in Llyn Berwyn {BER 1) is lowsr than at the cther twe sites and s
is not inconsistent with the supposition of a hiatus

The single measurepent on material from 55.5-36 ce in core BERZ gives values
typical of the inorganic sediments in BER! below 20 cm.

17
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Fig. 7. Stratigraphic profile of the Liyn Berwyn | core.
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L

3,50

7.30
i0.50
14.30
i6.50
18.30
19.50
20.30
21.50
23.50
24,50
29.50
32.90
34.50
40.5¢0
48,30
59.50
6%.50
70,00

BER 2

93,50
36,06

Table

Depth
s

3.30
19,56
14.50
14,50
28.59
23.50
12,30

BER 2

3.5

3. Llyp Berwyn (BER [} =ioph Data
Bry Mass #19ph Lone,
Total  unsupparted
g ca™®  pli gt gfi g7t
0.1615 14900 4,168
0.3767  10.940 10.260
0.8477 2,610 2,140
£.1993 2.120 1,740
£.6279 1.780 1.350
$. 8282 2,400 Z.178
2.0332 6. 930 0.5
2,135 0.980 0.203
2.3382 0. 860 ~§. 333
2.5170 0. bk0 -0.981
29613 g, 740 -0.574
3.2125 . 630 -{. 604
§.8008 0,450 -0.120
§,9341 0,820 ~0, 04k
3,292 0. 360 ~0.295
b.4386 6,530 -§.2%0
4. 0609 0.576 -G, 204
£0.3826 $.500 ~{, 200
£12.3489 . 360 -§. 080
12.4479
results
6.5320 5,780 {1, 167
5,3912
4, Llyn Bersyn {BER 11 **7[¢ data.
[ry Hass P370s Long
g cg? pli g7t 4/~
0.3762 56,93 4.50
1, 1993 .60 0.1
1.5270 .29 0.08
2.0532 0,72 0.0b
2.3382 0.18 0,404
2. 9413 6.1 0.03
§,9341 6,01 0.03
results
6.5320 g.00 0.00

Cugulative Unsapported

zaopb

pEi ca™?

1.732
0.326
1.781
8,441
9,119
9.4H
. 740
3. 740
3.778
.683
9.437
9.349
g.958
8.812
8.787
#.348
8.219
.11
1256
7.204

Lumulative Y370z

pii g7t

17,64
28,76
29.52
.10
30.2¢
30,33
30.43

0.00

-

4.9¢
1,19
.39
1.39
1.39
139
{39

0.50

21

Std. Errors

Cont.

Total ins.,
.10 i.1¢
0.88 .45
6.20 0.2
0.18 0.9
.47  0.i8
6,26 021
6.1 0.17
§.10  0.12
G.14  0.15
0,08 0,10
0.2 0.13
6.07  0.09
0.07 0.1t
6,13 0,14
0.08  0.0%
0.08 0,09
0.08 0,08
6.08  ¢.0B
.08 0.08
6,15 0.4

Fract

0,380
0.943
§.970
§.909
9.992
0. 9%
1. 008

0. 0600

Fus.
ting.

6.22
0.3t
0.41
0.42
0.43
0.43
g.44
0.44
0.44
¢.44
0.44
0.44
0.43
0.45
0.46
0.47
0.48
0.3t
0. 54

22803 Conc,
pli g7f
0.740
6.470
0.386
0.430
0,414
1.193
1,33

0.77%
0.Bhb

g.840

0.%27

Std. Error

Total

6.09
0.05
0.07
6.07
0.08
.06
0.05

.08
0.05

0.96

.04



Table 5. Liyn Berwyn (BER I} Radicisotope Data,

ﬁesth Zzﬁﬁa 23&{; ZBEQ Zzﬂﬁc EZBTR “‘UK
Ch pli gt

3.50 0.74 0.19 0.00 0.90 1.02 22,03
10,50 0.78 0.00 0. 00 .33 .37 L2
14.50 0.43 8.00 0.13 6,33 0.99 11.70
8,30 0.44 .18 0.04 0.bh 0.54 i.13
20.50 1.20 .43 0.12 .29 2.02 25.38
23.30 1.34 0.84 .15 .42 2.3 30. 61
32.50 0.87 9.27 0.1 0.87 143 19.16

BER 2 resulis

33.75 3.93 6.74 0.69 £.09 1,94 24,34

Tahle 6. Liyn Berwyn {BER I}, Gynon (BYN 3} and Hir (HIR I} 2'°Ph and *®7Cc Parameters,

Surface unsupported Unsupported 29°Ph  Hean 2'°Ph BroRz 997 Equ. Surface YSTLs UTLs Inventory
*1°ph roncentration inventory fluy Conc depth  comcentration
pli g pli e ® pfi cg™® yr~t  pfli g"' gce® gbi g7* pli tm™®
Liyn Berwyn 14,2 .7 ¢.30 5.77 1At §6.9 30.5
Livn Synon 22.4 .1 0.93 f.16 2.58 38.0 .
Liyn Hir 3.9 2.2 .38 (.88 0.46 &40 10.9

22



Tabie 7:

fepth

8

0.00
.30
56
2.30
3.50
4.30
5.50
6.350
7.58
B.30
.90
10.450
.50
12.50
13.50
14,50
15,50
16.50

ERY mpde] dating chronology for the BER [ core assuging no hiatus
firy Hass Curalative Date  fge  Sedisent accumulation rate
Unsuppor ted
Ziopﬁ

gca? pCier™? AD yr g et oyt ce yrot
0.0000 9,76 1984 0

¢.0338 B.34 1979 5 0,0142 0.1313
01415 6.7 1973 i1 §.0153 G.143
G, 2689 3.52 1964 i8 ¢.0143 0.130
0.3762 4.38 1958 2 §.0134 0.117
0.4941 3.95 1952 32 0.0170 0.147
0.6119 2,90 1943 39 0.0207 0477
¢.7298 2.3 193¢ 45 0.0243 ¢.208
0.8477 1.92 1932 32 $.0280 ¢.238
0.9649 i.88 1927 57 0.0264 0.225
f.082! 1,44 1923 b1 0.0242 0,213
1.1993 .24 1918 &b 0.0222 0.200
[, 3062 1,03 £912 ¥ ¢.0201 G182
£.4131 4.8 1966 bl 0.0179 9,184
£.5201 0.7t 1500 4 0.0137 0.147
§.6270 .58 1894 70 0.0135 §.12%
17278 6.37 iB79 105 §.0004 0.080
§.8282 0,23 1gsd 120 0.0033 4.0%1

TIOPE flux = 0.30 #/- .04 pCi cem® yrot

90% Equilibrius Depth = 12.2 ca or 1.38 ¢ ca™® yr?
99% Equilibriue Depth = 17.5 ca or 1.94 g ca=2 yrt

Tabie 8: CIC dating sodel for the BER [ core assusming no hiatus

Depth

[

0.0¢
i.50
3.58
7.50
10,39
14,350
14,56
18,50
£9.36

907 Equilibriue Bepth
99% Equilibrius Depth

firy Hass

g ce®

0,600
0.1415
0.3762
0.8477
§.1993
L6276
1.8282
20532
2. 1853

LI

Cumilative

Unsuppor ted
2!0Pb

p Li ca™®

20,95
i4.47
10,20
2,14
.74
1.35
2.18
.52
6.20

f4.6 ce or 1.64 g re?
19.4 ca or 2.18 g ca-®

Date

Ab

1984
1972
1982
i912
1965
1897
{912
1866
{434

fge

yr

¢
i2
22
72
79
87
72
118
i48

Sediment acrusulation rate

g ca® yr?

9.014¢0
6.6840
0.0184
0.02%
§.03%0
0.6142
0,012
g.0i62

23

cg yrt

5.134
¢.123
0.154
6. 266
8.312
¢.152
5,134
0,114

Standard

10.1
i3
2.2
12.9
15.6
16,1
1B.6
1.0
25.5
25,1
6.7
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4.1.3 Diatom snalysis

The concentration of total diatos cells per graa 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 erganic
material. However, from 3¢ ~ 20 cm the concentrations fluctuate, possibly
due to dilution both by inwashed mineral material, and the large proportion
gf 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 Appendisx L. The
diatom flora throughout the core is dominated by periphytic acidophilous
tforms, increasing from 50%-40% from below 30 ce to BOYL-9CY in the upper
grganic unit. Conversely, circumneutral speries decrease from 204-30%
beiow the aineral inwash to 5% in the upper organic unit.

# marked change in the diatom flora ococurs at 23 cme when the percentages and
concentrations of the circumneutral Fragilaria virescens and Cymbeila
gracilis and the alkaliphilous Fragilarie censtruens v. vepter begin to
decling as the acidophilous Eunctia veneris and Frustulis rhomboides become
dominant in the percentage data but with unaltered concentrations in the
sediment. At 20 cm the circumneutral species have almost disappeared and
gther acidophilous taxa, such as Tebellarias flocculpsa, Cymbella perpusilla,
Eunotia ewigua and Pinnularia hilseana appear at this peint. 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 chemisiry

Major Cations

The loss on ignition, drv weight and density profiles show that there iz a
major change in sediment <constitution between 18 and 30 cm (Fig. B}. 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 2
much more organic laver above this. This change is a result of catchmpent
ploughing and afforestation (Bection 4.2.2).

The sodium, potassium and magnesium profiles respond to this catcheent
disturbance (Figs. {5a, lba, 17al., The concentrations increase in the nmore
inorganic layer and derrease strongly in the organic layer. The strong
negative correlation between these cation concentrations and LOI indicates
that dilution of the sediment by the additional organic material delivered
te 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 by the catien profiles when the concentrations are

expressed per gramme of minerals in the sedisent (Fig. 10b, 16b, 170). In
these gprofiles the concentration drop above 23 cm, which is striking in
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Fig. 15a. Variations in Na gdw for the Llyn Berwyn | core.
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Figs. 15a-17&, is not noticeable with nmagnesiue and scdius and is  such
subdued with potassium. When soil erosien rates increase in a catchment,
the tendency is for the wmajor catiopn concentration of the mineral material
to be higher than when erosion rates are lower {(Mackereth 1946, Engstrom &
Wright 1984). Although the timesrcale is short in the upper part of this
core, the concentrations of potassium and magnesium are higher than above 30
tn during the period of catchoent disturbance., Hagnesium is maintained at a
higher concentration through the inorganic layer while potassium drops back
to coencentrations typical of the lower part of the core.

Calcium behaves very differently to the other three major cations (Fig. {8}
and correlates strongly with LGOI (Fig. 8) This was also found in Liyn Hir
and the reasons are probably the same. Bivalent calcium ions are
selectively compleved by dissolved huaic material in  the lake water and
spdiment {Stumm % Morgan 1981 pp. &40-647, Sayles and Mangelsdorf 1977} and
sg variations in the rate of incorperation of orgenic material into the
sediment controls the sedimentary calcium concentration.

Trace metals

The nickel behaviour (Fig. 1%} is similar &to the wmajor cations, socdiusm,
magnesius and potagsium (Figs. 15-17}. As the nickel concentration in the
mineral component of the sediment is fairly constant {Fig. 198}, the drop in
nickel concentration in the whole sediment between i1 and 20 ca is due to
dilution of the sediment by the addition of organic matter (Fig. B). There
ig little if any atmospheric contamination of the sediment by nickel.

In the upper 20 cs of sediment, however, the zinc {Fig. 20}, lead {(Fig.
21} and copper (Fig. 22} concepntrations increase. This increase is in spite
of the sediment dilutien by organic matter which causes the sodium,
magnesium and potassium and nickel concentrations to fall. The sediment
contamination is made clearer when the changes 1in organic content of the
sediment are eliminated by expressing the results as per gramms ninerals
{(Figs. 20b-22b},

Because of the hiatus in thie core (Section 4.1.2) it is not possibie to
determine the date when trace metal contamination of the sediment started,
As the sediments above 20 ¢m are post-1974, the contamination started
sometine before this. Other lakes which have also received trace metals
deposited from the atmosphere show a sieady increase in sedimentary trace
metal concentration from the depth when contaminated. #As the zinc and lead
cancentrations rise very quickly above 20 cp (1974} in Llyn Berwyn, it is
likely that the contamination started some tens of years before 1974, [t is
also noit possible to determine reliasbly the size of this contamination fiux.
e can, however, use the irace metal results to check on the proposed
sedisent chronology above 20 com.

e can use the proposed sediment chronology to calculate the sedimentary
tluses of the trace metals and other elesents, [f this gives wvalues which
are eavirenmentally vreasonable then there is indirect support for the
dating, The mean sedimentary flurxes for the eight elements in the interval
0 - 20 cm are shown in Table 9. As this interval in the Llyn Berwyn core is
during a period of catcheent disturbance, we feel it is realistic to compars
the results with those aeeasured under catchaent disturbance conditions
elsewhers, In Loch Uee, in Balloway, the interval from 31 - && cn
vorrespands to a period of catchment disturbance {185% -~ 1901}, These
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mean values are averaged over their respective time intervals.

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

We are pnot able to extract fros the total sedimentary trace metal fluxes
reliable valugs faor the contamination component. Cumulative
rancentration-depth profiles, a comparison of the zinc flux behaviour with
that of sodium and a #iluw calculated from the "anthropogenic pollution ters’
as defined by Hilton et 2l., (1985} all suggest a zinc contamination flux
af around 100 mg &~® yr~*, This is a reasonable fiqure but it must be
considered unreliable.

Table 9: Comparison of the element fluxes during erosive peripds in
Llyn Berwyn & Loch Dee

Eilement Liyn Berwyn, O -~ 20 conm Loch Dee 31 - &b om
Mean {n=18} Mean in=241]

Na g m™2 yr? 7.4 3.3

K g m 2 yrt i8.1 6.0

Cagam ¥ yrt 5.2 6.2

Mg g @72 yr—® 5.9 B.6

In mg m~% yr—t 501 209

Pb mg 2 yr—? 349 191

Cu mg m™2 yr—? 52 i

Ni mg m~2 yr—? 32 30

Bry mass accumulation

Fate mg m~ @ yro? 210 70

Sulphur

The sulphur behaviour (Fig. 23) is similar to that of lead (Fig. 21}. The
same limitations of interpretation apply as with lead and all we can say isg
that post-1974 sedisents are contaminated by sulphur compounds depositsd
from the atnosphere.

AH

Anzlyses are in progress but are not yet available.

4.1.5 ZLarbonaceous particles "CP®

The PCP" pattern for Llyn Berwyn, illustrating the number of particles per
gramme dry sediment, is given is Fig, 24 and Table 0. It shows the
presence of soot in small numbers at a depth of 28 ca. There is a slight
geak at 10-12 ca and the onset of a trend of rapidly increasing counts
pammences at A& cm, continuing to the surface.

The carbonaceous particle count in terss of the oarganic content of dry
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Table 10: "Spopt" fpalysis for Berwyn |

No. Carbanateous
Particles

Depth per g per g
dry sed organic

{em} ¥ 10° content
¥ 107
0~ i6.38 32.34
i=2 15,84 J0. h4
2-3 i7.38 37.20
4-5 &.40 12.61
=7 4,58 7,13
7-8 2.26& i.76
g-9 1.72 3.07
g-1¢ 1.07 1.70
{o-11 1.77 2.44
11-12 1.37 1.98
13-14 0,48 1.00
15-16 0.58 &, 80
i17-18 0.31 0.7
i9-20 .34 6.71
20-21 0.37 6.7%9
2i-22 0.41 1.25
22-23 .10 06.36
23-24 .04 0.2¢
24-23 .05 6,20
25-24 - -
2627 0.064 6,30
2H-29 .04 4.25
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
traction of sediment {using LOI} are more precise as the supply of organic
material te tithe sediment ftends %o be more unifors over time than the input
gf mineral matter which can vary widely. However, since both organic and
inprganic fluxes to the lake wvary widely only sn expression of CP in terass
opf flux will enable an accurate assessment of CP influx into the lake basin.
However, there are no reliable dates on which to make the calculation.

4.1.6 Pollen

Figs. 2&, 27 & 2B present the total pollen concentration & summary
percentage diagrams for the Liyn Berwyn core. Full details of the pollen
record may he found in Appendix E.

Inspection of the concentration diagram (Fig. 26) reveasls that the diagras
ran be divided into two major sections viz: the pre-inwash,; undated,
pertion and the post-inwash, dated portion of the core. This division is
shown by & halving of the poilen concentration from 28 cm to 24 com and is
$irstly asspciated with a mineral! inwash and then by a subseguent peat
inwash.

The pre-inwash part of the percentage disgrams ({(Figs. 27 & 28} shows a
relatively stable polliern sequence with few major changes occurring
throughout. The anly local change that appears to have accurred is the
garly peak inm Pleridium., suggesting that the catchment may have been
better drained at some nperiod in the opast. ithin the regional pollen
record most of the tree pollen is probably derived from small remnants of
relict decidueous forest, dominated by Betula and Quercus, left over from
the various clearance phases of wupland Wales recorded in the many pollen
diagrams of this area (Hoore and Chater 196%a, Moore and Chater 196%b, Moors
19731, Small disturbance phases in these forests are recorded by the two
peaks in Plantagso lanceplata  and Filipendula an asspciated
regeneration gesks in Fraxinus.

The sediesnt post-inwash (28 cm - @ ce) 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 inpevifable
revworking of their older pollen component into the lake. The initial
mingral inwash only appears +to have had an effect on the opollen
concentration diagram. it is only with the marked increase in LOI,
resulting from catchment peat erosion, that changes can be identified in the
pollea recerd. The most notable of these is the large reduction in values
of the aquatic fern, lsoetes, from 20 c©m onwards. As in previpus studies,
[spetes appears to be verv sensitive to turbidity changes associated with
phases of peat inwash and general catchment disturbance {(fAnderson et al.
{1988}, The Calluna rise recorded at the same time is not the result of an
increase in Calluna in the catchment but is merely 2 reflection of the
inwash of large amounts of Callupa pollen-rich peats into the lake. The
gresent afforestation of the lake does not appear €0 be reflected in the
pollen diagram but may also be linked to the masking effect of the inwashed
polien-rich catchment peats,

The regional pollen flora suggests that Buercus expands during this zone but
this rise is only caused because the dilution of the Quercus gollen rain by
the peat inwash is relatively lower than that of Pipus and hence the
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proporticnal construction of the diagram presents a misleading picture of
geyents. The inwash, is also probably the reason why Pinus values take off
rejatively late since the concentration diagram reveals that Finus
contentrations were as high befopre the onset of the inwash as they were at
the end of the periaod.

Regional changes in the amount of pastoral and arable land appear to be
reflected in the paellen record as a peak of the pastoral indicator
Plaptago lanceplata is replaced by & cereal peak. Indicating e change
from pastoral to arable in the vicinity of the lake.

4.2 Land uge and manzgement {2}

4.2.1 Land use

With the exrveption of small areas of Molinia dominated rough grazing to the
north-east and south, the catchment ie planted with &Sitka spruce (Pices
sitchensis), Lodgepole pine (Pinus contortal and Japanese larch (Lariy
haeppferi} (Fig. &).

The catchment was afforested between 1960-1943 ({(Fig. 6)}. Before that date
documentary sources {Fatrick 19886} ipdicate that the catchment coaprised
rough grazing land of the ‘moorland core’. There is no evidence from alr
photographs or on the ground {of relict enclosures, drainage or cultivation
teatures} to suggest that any improvement was ever attempted. There is no
evidence for, nor rational expectation of, any attempt to improve the acid
upland spils of the catchment with egricultural liee (cf Fritz et al, 19B&:.

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 sectian
at the entreme south lying in Llanddewl Brefi - ! indicates that in 1842 the
catchment comprised the sheepwalk land belenging to three individual farms.

Successive editions of the Ordnance Survey siw inch topographic coverage {4}
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 SBurvey of 1933 ({5} provides no specific
information on vegetation distribution within the catchment. The area is
described 25 Ttypical sheepwalk’ tonposed targely o4 Molinia,
fgrostis/Festuca and Nardus,

The catchment lies in the area which Davies (1934} described as some of the
most dense Molinia tussock land in Wales. The second Land Utilisation Survey
of 1970 {6} shows Holinie dominating the unafforested part of the catchnsent
as it does today.

Anziysis of air photographse {7} and primary data of the 'Hid Waies uplands
Survey’ ' {Parry and Sinclair 1985) (B}, confirms the unimproved state of the
catchment in 1946 and 1948 respectively.

Several contemporary descriptions attest to the unimproved nature and in
particular the webtness of the catchment prior to afforestation {eg. Bradiey
{903, Mard 1931}, Cliffe (1BAO) described it ags "3 shelterless waste", %a
more wild, dreary scene than that which surrounds the Llyn would be
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difficult to conceive® (p.204),

The forest planted in the early 1940s is still maturing and no deforestation
has taken place.

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

4.2.2 Land manasgement

Pastoralis

ft an  altitude of ogver 400m and comprising wet and exposed land, 1t is
unlively that the Llyn Berwyn catchesent ever supported a significant
livestock population. Although a few cattle were grazed on the hills in the
locality in summer wup to ca. 1930 (R. Hughes pers. comm.}, the grazing
history of the catchment is dominated by sheep.

Annotated information on the First Land Utilisation Survey map {1933
indirates that sheep grazed the catchmeent in summer only. Davies (1934}
reported that the tussocky Molinla of this region received virtually no
grazing.

Evidence for the presence of sheep is5 indicated by a sheep wash,
depicted op si¥ inch Ordnance Survey maps, to the west of the lake.

Some areas of Molinia were cut for hay which until recently represented the
only winter fodder in the region (R, Hughes pers. comm.!. Other areas were
freguently burnt to provide an early bite for the sheep (R. Hughes pers.
comm. .

fpart from & bhoundary fence separating Cwm Berwyn and Diffwys sheepuwalks
there was no enclosure in the catchment,

The oniy evidence concerning sheep numbers comes from the annual parish
agricultural returas ({9}, The interpretation of these data are subject to
several constraints {(Patrick 1986). In particular they cannct be catchment
specific and take only limited account of changes in sheep type and no
account of changes in grazing regime.

Parish returns are available for Laron~is-Clawdd +from (910 {Fig. 29).
There was a graddal 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 ares of rough grazing (also
drawn from the parish returns), a crude indication of stecking density on
unimproved land may be obtained (Fig. 30). Again the increase in stocking
density is most marked atter the date of afforestation.

f major drovers road leading to the fattening pastures of England passed up
Cwa Berwyn and to the north of the Llyn Berwyn catchment (Davies 1%34}). The
passage of store tattle 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 nmonths as the transient
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herds and flocks passed along the drove road (cf. Fritz et al, 19861,

in the wearly 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 {(Davies 1935},

Forestry

Fig. & illustrates the planting of the catchment by Forestry Compission
compartment number, date and species. Planting was conducted down to the
lake edge. Prior to planting the site was ploughed/drained. 2.3 ha of
compartment 2463 was hand spread with GMP prior to planting. Compartment 270
was similarly treated soon after oplanting at about 250 kg ha~t'. In 1944
ang 1968 phosphate fertiliser was applied by hand to compariment 267. The
catchment was spread with ophospghate/potassius fertiliser from the air in
1973 at a loading of approwimately 250 kg ha~' (R, Gattis pers. comm.).

By the early 19705 the shallow drains and furrows that had grovided rooting
and drainage for the ypupg trees were proving inadequate for the needs of
maturing trees. Consequently ca. 1974 deep drains, approximately 20 m apart
ware driven through the entire forested area (R. Hughes, M. Morgan pers.
comm. .

Subsidiary management practices

There is ne evidence that any part of the catchment has ever been managed
for game.

fAir photugraphs (10} show features in the north of the catchment (now under
forest}) which may represent nld peat excavations. The proximity of the road
at this point {Fig. &) suggests that this would not be infeasible but there
is no documentary svidence for the presence nf a turbary.
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5.0 Discussion

3.1 Inwash and hiatus

It is clear érom the LO8I, dry weight, diatem & pollen evidence that the BER
i core is characterised by a distinct inwash phase. The most likely cause
of this inwash 1is the result of ploughing and afforestation activities
within the catchment. The gresence of a2 wmineral-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 {Section 4.2.2) but amust derive fronm
the extensive deep drains emplared in 1974, Furthermore, the lack of any
indication of the initial catchrent ploughing in the sediment below 30 ¢m
the lack of unsupported #'°pb bhelow 20 c©m 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 sediments above 30 cmp are post-1974.
Those below the hiatus contain no unsupported ='°Ph  and consegquently
pre-date ca. 1BGO.

8.2 pH RECONSTRUCTION

The lake pH can be reconstructed #from the caore by including the diatom pH
preference group percentage date inte the three pH reconstruction models;
Index B (Scandanavial, Index B {Balloway} and Hultiple Regression of pH
preference groups against pH (Gallowav! (Flower 19B&). All three nmodels
clearly show a decline in pH through time (Fig. 31} with values in the rangs
pH 5.4-5.9 below 30 cm. Values decrease across the inwash band te pH 5.0
and below in the upper organic unit. ©F the three pH nodels the aultiple
regression equation comes closest to predicting pH in the top sedisents
where water guality data are avallable +for comparisen. The Indexr B models
show the same trend but with an extended range of values.

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

The diatom assemblages of the pre-hiatus sedisment are dominsted by
acidophilous forms with circusnectral and alkaliphilous taxa contributing up
to  40% of the fotal count, In this respect Llyn Berwyn 1% unusual.
Fre-1800 sediments in other recently acidified lakes in Galloway (Flower &
Battarbee 1983, Jones et al, 1986, Flower et al, 1987} and in nearby Liyn
Hir {Fritz et al. 19846} have a more diverse circumnestral and alkaliphilous
flora, with speties such as Achnanthes minutissima, Anomoepneis vitrea and
planktonic fyclotella in abundance. The Berwyn flora at this tiame is nore
acidophilous and the reconstructed pH gives a maximum value of pH 5.9
using Index B {Balloway! and pH 5.8 with the smultiple regression aodel,
Although we do not know how far back in time this core extends, it would
seenm unlikely that Liyn Berwyn had a mean pH greater than pH & in the recent
past.

The intergretation of the upper 30 cun of sediment 1s more problematic.
There can be little doubt that the mineral~-rich band from 20-30 om is inwash
from the catchment drainage but the absence of unsupported Z:°pp in this
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section cannot be the result of dilution by inwashed sediment alone since
the diatos concentrations are not aarkedly reduced & possible explanation
iz that the sediment contains re-suspended older material rich in
diatoms but lacking unsupported ®'°Ph., In this case the diatom assemblages
do not necessarily reflect 2 decline in lake pH during the period
represented by the 20-30 ¢m inwash.

The 20 cm level is the lowest level with unsupparted #*°Ph but for reasans
gutiined above is thought to date fros shortly after ig74. The
reconstructed pH of this level is 4.7 and this declines to 4.5 with the
increase in  acidophiles a2t 15 ¢m including A.ralfcoii, & species associated
with the high humic acid concentrations resulting from catchment peat
drainage {Liehu 8% al. im opressi. in general, the data show a clear
post-afforestation acidification but it is not clear whether &an earlier
aridification prior to planting has occurred.
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4.0 HNOTES

{. The purpose of this exercise was to save riverine fish whose habitat
was heing destroyed by & drainage schenme.

2. For a definition of these tarms see Patrick (1986},
3. Tithe map and schedule of Caron. PRO Kew, IR 30 44710 (part i} map 4.
4, First edition surveyed 1BB7, published 1891.
Second edition surveyed 1904, published 1904
Provisional sdition ammended (948, published 1933,
3. Manuscript held at the LBE archive.

6. Manuscriot six inch sheet no. 364, King's College London, Geography
Bepartment,

7. Bir Photograph Office, Helsh Office, Cardiff. Plates 372 -~ 3188,
3189, 4192, 4193. Flown May 4th 1944, scale ¢.1:10,000,

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

¢, FRO (Kew} class list MAF 4B,

10. See note 7,

49



7.0 References

Anderson, MN.J.A., Battarbee, R.Y¥., fppleby, PF.B., Btevenson, 4.0,

gidfield, F., Darley, J & Blover, 8. (1986} Palaeclimnological evidence
for the recent acidification of Loch Fleet, Galloway.
Research Paper No 17, Palaeoecological Research Unity Dept
Geography, University College London.

fppleby, F.B., & Oldfield, F. (1978} The calculation of =3% Ph dates
assuming a constant rate of supply of unsupported #:9Ph to the
sediment, Catena, 8, (-8,

dppleby, P.G., Nelan, P., Gifford, D.W., GBodfrey, MK.J., GOldfield, F.,
f&nderson, N.d, & Battarbee, R.W. {(In PFress} **°Ph dating by low
background gamma counting.

Battarbee, R.W., Flower, R.J., Btevenson, A.C. & Rippey, B. (1983} Lake
acidification in Galloway: A palaeoecological test of competing
hypotheses., HNature 314 3850-35Z2.

Barret, L.F., Atkins, D.H.F., Cape, J.N., Fowler, D., Irwin, J.8.,

Kaliend, A.8., Martin, A., Pitman, J.I.,; Bcriven, R.A. & Tuck, A.F. (1983}
Acid Depesition in the United Kingdos, Report of the United
Kingdom Review Broup on fcid Rain, Warren Spring Laboratory.

Bradley, A.0. {1903) Highways and byways in south Wales. Haceillan, London.

Ciifée, J.H. (1860} Hotes and recollections of an angler. Hamilton, Adams
¥ Co, London.

Davies, J.L. (1934) The livestock trade in West Wales in the nineteenth
century. fGherwystwyth Btudies. 8, 83-103,

Davies, d.L. {1936} The livestock trade in West Heles. Aberystwyth Gtudies
7, ¥3-113,

Bavies, E. (1935} Seasonal nmovements of sheep in Wales. Journal of the
Manchester Beographical Society. 43, 24-40,

Engstrom, D. & HWright, H.E. (1984} Cherical stratigraphy of lake sedinments
In: Lake Sedimenitsz and Environmental History f{eds, E.Y. Haworth &
J.¥.8. Lund}l, Leicester University Press.

Flouwer, R.d, {1984! Relationships between surface sediment diatos
assemblages and ph in 33 Galloway lakes: Gone regression models
for reconstructed pH & their application to sediment cores.
Hydrobiologia in press.

Flower, RB,J. & Battarbee, R.¥. {1983}, Diatos evidence for the recent
aridification of twe Scottish lochs., Natwre 305, 130-133.

Filowsr, R.J., Battarbwse, R.W. & fppleby, P.G. {1987} Palaeolimnological
studies in Gallioways lake acidification & the vreole of
afforestation. Journal of Ecology in press.



Fritz, S.C.

Rigpey, B.

Gorham, E.

¢ Stevenson, A.C., Patrick, 5.7., Appleby, P.5., Oldfield, F.
4 Darley, 4. (1986} Palaececological evaluation of the
acidification of Welsh lakes. It Llyn Hir, Dyfed.

Regearch Faper No. 14, Palascecological Research Hait, Dept
Geosgraphy, University College London.

{1988} The influence and importance of daily weather conditions
in the supply of chloride, sulphate and other ions bto fresh
waters from ateospheric precipitation. Phil. Trans. Royal Soc.
London, B, 241 147

Harriman, R. & Merrison, B.R.8. {1982} Ecoclogy of streams draining

forested and non-forested catchments in an area of Central
Seotland subject te acid preciplitation., Hydrobiologia BH, 251-463

Hilton, J., Davisen, W. & Ochsenbeim, U. {1983} A mathematical model for

dongs, V.,

Liehu, 8.,

Hackerath,

Mackereth,

Moore, F.

Hoore, P.D.

Moore, P.D.

Horgan, J.

Parry, M &

Patrick, &.

anazlysls of sediment core datar ipplications for enrichaent
factor calculations and trace-metal transport sechanisms,
Chemical Geology. 48, ZBI-291.

Stevenson, A.D. & Battarbee, R.W. (19Bh}) Lake acidification
and the “"land-use" hypothesis: 2 mid-postglacial analogue
Mature 322 157-138.

Sandman, 0. & Bigola, H. {In Press) Effects of peatbog ditching
in lakes: Problems in palaeclianclogical interpretation.
Hydrobiologia.

F.d.H. {1944} Some chemical observations on poet-glacial
sediments, Phil., Trans. Roval Soc B. 230, 1635-213.

Fed.H. (196%9) A ghort core gszmpler for sub-zquepus deposits.
Limnol. Oceasncgr. 14, 1453-151.

B. (19733 The influence of prehistoric cultures upon the
initiation and spread of blanket bogs in Upland Wales.
Mature. 241 350~334,

& Chater, E.H. (194%a} Studies in the vegetation history of
mid-Wales. [. The postglacisl period in Cardiganshire. New
Phytol. 48, 183-19&.

% CEhater, E.H. {196%b) The changing vegetation of Hest-Central
Wales in the light of human history., J. Ecol. 57, 361-379.

{1874} Kew Duide to 8berwystwyth and Neighbourhpod, HMorgan,
Aberwystwyth.
Sinclair, B. [19B3; Wid ales Upland Study. fountryside

Lommission Report ICP 177.

T. iin press} Evalustion of the recent acidiftication of Helsh
lakes: land use and land management change.

51



Raven, P.J. (1986) fccurance of Bohaghup mosse in the sublittoral of
several Galloway lochs with particular reference to Loch
Figet. Research Paper No. 13 (Palseocecology Research Unit,
University Ceollege Londoni

Aees, T, (1934} The beauties of England znd Wales. VYo! 18 Bouth Kales
London.

RHudeforth, C.C. {19740) Boils of North Cardiganshire. Hemoirs of the %Hoil
Survey of Breat Britain. fgricultuyral Research Council,
Hargenden.

Rudeforth, 0.C., Hartnup, R., Les, J.H., Thompson, T.R.E. & Wright, P.§.
{1984) Beils and their use in Yales. Soil Survey of England and
Hales, Bulletin No. 1I. Harpenden

Sayles, F.L. & Mangelsdorf, P.C. (1977} The equilibration of clay mingrals
with seawatersexchange reactions. Beochemica et Cosmochimica
Acta, 41, 931-960.

Stevenson, A.0., Patrick, 8.4., Kreiser, A,, HRippey, B., Darley, J. &

Battarbee, R.W. (1987} Palapoecological evaluation of the recent
acjdification of Welsh Lakeg: Hethode. Research Paper Ho. #2
{(Falaeoecolopy Research Unit, University College London.i

Stevenson, A.0., Patrick, 8.d., Fritg, 5.C., Rippey, B., Appleby, P.G6.,
Bidfield, F., Darley, J. & Battarbee, R.MW. (1986}
Palaeoecoloaicsl evaluation of the recent
acidification of Welsh Lakes: IV, Llyn Bynon, Dyfed.
Regearch Paper HNo. 20
tPalaevecology Research Unit, University College London.!

Stoner, dJ4.5. & GBee, 8.5, (1988) Effects of forestry on water guality and
tish in Welsh rivers and lakes. J. HWater Engineers & SBcientists
39, 27-43,

Stumm, W. & Morgsen, J.J. (1981} Aguatic Chemigtry, #iley, London.

Troels-Smith, J (1933} Karaziterisering af lose jordarter. Characterisation
ef unconsplidated sediments. Danm. geel. Unders. Ber., 3010} 73pp

Tutin, T.6., Heywood, VY.H., Burges, N.A&., Moore, D.M., Valentine, D.H.,

Walters, S5.M. & Yebb, A.8. (1964,1968,1972,1974,1980). Flora Europaea
volumes 1-5. Cambridge University Press, btondon.

Underwood, J., Donald, A.P. & EBtoner, J.H. (In Press!) Investigations into
the use of limestone to cosmbat acidification in two lakes in
Hest Hales.

Kard, F. (1931} The lakes of Hales. Jepkins, London.

52



8.0 Acknowledoments

e would like to thank #.J. Andersen, R.d. Flower, §.J. Phethean, D.H.
Monteith and A.J. Micholsen for their invaluable help in the field and in
the laboratoryy Mre., ¥, Phethean for typing and A. Newman for diagran
production: & in particular the staff of WWA: J. Underwood, H.Milner, R.
Hemsworth, H.Mills, J.8toner and A.Gee are thanked for allowing us access to
unpublished data and thelr comments on an earlier dratt of this manuscript.
Furthermore, the following prople are thanked for allowing us to discuss the
lacel history of the ares with them: B. Jones, M.Morgan {Tregarsn Angling
Seciety!, Mr L. Evans and J.R. Davies of ADAE (Trawscoed and Laampeter!, MWr
R, Hughes (Cwm Berwyn Farm, Tregarcnl, Hr R. Gattis (Forestry Commision,
Llandovery) Or L. Sinclair {(Environmental Information Services, Narbeth! and
Or. M.Parry (Dept Beography, University of Birminghas!.

53



SGppendices

54



fppendiz A: Bi-waeekly iake chesiskry dats for Llys Bervan (before and atter liming}
{Courtesy of WHA

Date pH Conductivity fatal Total Fres Total Lhioride
Oxidised Hardness Larbon diozide  Alkalinity
Hitrogen

200 ys cat ag 17t ag 17t gy It mg 17t mg 17t
03716783 4.2 99 8.1 4.9 3.4 - 7.8
20111783 4.4 59 0.4 3.4 3.7 - 8.0
13/02/83 4.3 33 0.1 5.8 £.2 - .0
04761704 4.1 &3 §.2 5.1 50 - 8.0
23701784 §.1 &4 6.4 - 5.8 - 1.0
02/62/04 4.3 62 8.1 4.6 6.3 - 9.0
14/02/84 4.3 39 0.1 .k 4.8 - 9.0
06703784 §.3 39 6.1 5.0 bt - 5.0
G6/04/84 §.4 50 .1 2.7 3.2 - 16.0
18/04/84 4.4 &4 4.1 4.5 - - 10.0
36704784 4.3 38 .1 4.3 - - 0.0
18/05/84 4.4 39 .t 4.4 5.4 - 19,9
J1/05/94 4.4 57 0.1 5.2 - - 10,0
12/06/84 8.4 59 .5 5.6 3.9 - 0.0
28/06/84 8.3 57 6.1 4.3 - - £0.0
04/07/84 4,5 34 8.1 4.5 6.9 - 10,0
18/747/84 §.4 37 0.1 £.1 7.8 - 6.0
43708784 5.4 59 0.1 5.1 - - 1.0
10/08/84 4.4 59 0.1 £.4 - - 6.0
07/0%/84 4.5 5& 6.1 3.5 b.2 0.2 0.8
01710784 4.4 &4 0.1 3.2 6.3 - 10,0
15/10/84 4.5 b2 0.4 3.1 7.5 - 1.0
10/12/84 §.2 59 0.1 .9 5.8 - 8.0
28/01/85 4.2 34 6.1 1.6 .9 - g.0
29701/83 3.4 41 .4 7.9 2.8 1.7 1.0
274062783 4.4 51 0.1 4.3 4.9 - 8.0
03404785 6.3 45 0.1 8.8 2.3 3.9 .0
16/04/83 b8 32 g.1 ii.b 2.1 6.9 8.0
01708/85 5.7 53 6.1 12.9 2.3 7.4 8.0
22405/85 5.9 ] 6.t 13.3 2.1 7.4 8.0
11706783 6.5 51 8.1 i2.4 2.3 5.9 8.0
20/06/85 8.3 49 B i 13.3 2.9 5.5 8.0
04407185 5.2 45 3.2 2.1 2.3 5.1 1.0
18707835 6.4 ¥ 0.1 -~ §.¢ - 7.0
§1/08/8% - 47 .1 8.1 - - 6.0
13/0B/85 b0 40 6.1 8.7 - - £.0
03/09/83 5.h 38 0.4 7.8 4.1 2.5 7.0
19/09/85 3.6 40 6.1 7.4 3.4 2.4 £.0
19469785 3.7 39 §.1 7.8 2.8 2.7 b8
63716783 5.7 3% 0.1 8.1 3.0 2.4 5.0
GE750/85 3.4 §6 .1 2.3 Z.8 2.1 6.0
17/14/85 3.5 40 0.1 7.k L7 1.7 7.0
29710485 5.5 48 6.2 7.4 .k 5.7 7.0
07751785 b.3 49 0.1 iZ2.9 £ 8.6 7.0
21411785 6.3 53 0.2 - 4.2 7.l 1.0
03712783 6.2 47 .1 11.3 3 3.8 .0
18/12/83 b.0 47 8.1 3.8 3.4 3.4 7.8
$8/01/85 3.7 43 4.2 8.5 2.9 Z.8 7.0
1202784 5.7 49 0.2 8.7 3.4 2.0 7.0
27707785 3.7 30 g.2 8.6 3.9 2.5 9.0
$3703/8L 3.2 44 0.1 LT 3.4 1.3 .8
26103/8b i.4 33 0.1 Pk 4.9 L 7.0



Date Orthophosphate  Dissslved Bissolved Bissolived Dissolved Bissolved Bissolved

Gilica Sulphate Sodiue Potassiue Lalciue Iing
fmg 17

G5/16/83 9.402 - HINY 4.9 G147 1,10 -
20714783 0,02 0.8 8.5 4.5 6.13 ] G.014
13712/85 4.07 $.6 16,4 4.4 0,18 §.00 0.813
04701784 8,02 6.7 8.0 £.h 0.15 8.90 6,031
23481784 0.62 0.7 5.0 - - - -

02702/84 0.02 6.6 8.0 4.6 §.43 0.78 0,013
14/02/84 0,02 0.4 4.3 8.1 0.40 4.70 §.024
04703784 G.02 8.8 8.0 £.1 0.17 6.70 0,845
GH104/84 0,02 .9 1.5 3.0 8,19 0,43 0,021
JGHIETE 8.02 4.5 8.0 3.0 0.38 0.43 0,622
J0/04/84 4,02 6.5 8.9 4.1 .40 0.74 4.020
1R/05/84 4.02 0.7 7.3 i1 0,3k 0,87 0. 623
/55784 6.02 4.3 1.4 L] 0.51 ¢.78 0.923
12706784 0.02 .2 7.4 53 6,58 4,94 §.0i6
28706/84 4,02 0.2 7.0 4.9 0.23 4,58 6. 024
$8/07/84 ¢.02 4.2 6.5 3.4 G.19 0.63 6,077
t8/07/84 0.92 0.2 g 3.8 0. 14 0,66 6.014
§3/08/84 0.0 6.2 6.5 §.7 e 0.8%9 0,014
107087848 0.02 0.2 4.5 5.0 G.14 4,460 6,024
47/49/84 0.02 0.3 10.5 51 6.4 0,88 0,026
01710784 4.0 0.4 4.5 5.8 0.26 8.92 0.01%
19740/84 0.02 6.5 i5.5 4.4 4,24 4,73 §.087
10712484 0.02 0.7 3.9 4.5 0.78 4.83 0,021
28/01/83 0,02 8.7 1.6 5.4 0,13 0.6t ¢, 014
29701785 0.02 0.b £.0 36 6.10 2.3 0.069
IFG2ES 6.02 4.7 1.1 3.7 4. 10 0.72 8,027
G2/04/8% 0.02 07 b5 3.5 0,10 1.52 0,047
10704765 4,02 0.4 k.2 4.4 0.03 3.65 0.043
GLA0G/H3 0,02 ¢.7 5.8 4,3 0.1 4,14 0.015
2705785 0,07 0.5 b.7 4.0 0.248 4,32 0.014
11706485 0,02 4.3 6.5 4.1 G.18 4,12 0,014
20/84/83 4.0 4.2 5.3 4.0 0.2t 4,33 0.609
4707785 4. 62 6,2 5.5 4.2 0,24 3.8 6021
{§/07788 §.02 4.2 - - - - -

G1708/83 0.02 0.2 £} LRy 4,10 3.23 0.813
15/08/85 0,02 0.3 5.2 I.4 0.21 2.67 3,017
05/0%/85 4,872 8.3 4.8 I ¢.20 .44 0,043
19709443 §.02 4.4 5.0 3.2 0.11 Z.40 0.839
19709783 .02 4.4 Ak 2.9 013 2.48 0,012
03710483 0,02 0.4 4.4 3.4 6,10 2.40 0.010
Q8710445 0.02 4.4 bk 3.5 ¢.10 2.88 0,012
17710785 402 §.5 £.7 I8 0,13 2,30 0,022
29716783 .02 0.3 3.8 3.2 0,10 2.3! 0.043
47711485 4,02 8.5 Sk - = §.14 0,083
21711785 8,02 0.3 4.4 3.6 4,05 = &, 009
(5412783 4,02 0.6 i.4 A 0,12 3.7 0.612
IEIVIEE 8.02 0.4 4.7 3.8 8.12 310 8614
1R/01786 4.492 4.6 4.1 5.8 g.12 2,57 0.616
12007484 4,02 8.7 4.4 3.8 0,21 2,45 0,013
27702184 0.02 .7 4.4 3.b 0.23 2,62 §.021
PR03/B4 .03 5.5 5.0 3.7 4,2% 2.27 0.028
5103185 6.02 4.6 It 3.7 0.21 2.20 0.020

56



late Bigsolved Digsolved Dissolved Bissplved Bissolved lissalved Bisenived

Copper Cadnius #lusinius Lead {hroaiue Kanganese fron
{ag 1%}

03/10/83 4.007 §.0009 6.070 §.002 e 9,515 0.730
24711783 — 0.6004 0.140 0.002 - 0.530 4,258
13712783 “=- 4. 0004 8,130 0. 002 = 0.415 0.198
GA701 /84 - .0004 0,074 . 002 - 0,314 0150
23701784 -=- s - - —— — -
p1/02/84 e 8.6004 g.119 . 002 - 0,338 4,212
14702784 --- §. 0004 0. 14l 6,002 - 6.349 6.2
Gh7GT/B4 e 4.0608 §,150 0.004 o 9,340 0,192
05/04/84 i 0.0008 .078 8.003 --- .31t 0.827
18704784 4,601 (.0608 0. 180 0. 805 4.001 0.437 0,184
3gr04/84 4,401 0008 0,182 0,003 4,001 .42 £.172
18705784 0.001 5.0008 4.0%0 6.040 0,061 .55t 0.8l
31705484 0.901 ¢.0068 0.133 0,063 0,004 0. 581 0.649
12706784 4.001 £,0008 6. 123 &,005 0.664 8,353 0,124
18/06/88 6. 901 ¢.0008 G.141 . 005 0.001 0,648 0,104
04/07/84 4,001 {0008 6,117 0.005 4.001 0,564 &, 008
18707784 0.001 §.0008 §.095 0.903 0.601 ¢.597 0.138
03/0B/B4 &.001 40008 8.0%0 §.003 G001 5.627 0.147
10/08/84 4.603 4.0014 0.082 0.4022 0.00t 0.379 o1
0709784 {061 .0608 G516 6.005 $.001 0.B08 0.238
bi/to/a4 §.002 6.0018 0.108 0.013 §.003 0,582 . 245
19/10784 4.001 $.0008 0. 106 0.015 ¢.001 .72 0.266
10/12/84 G.002 0. 001¢ G.159 4.013 0.603 0.493 6,348
2B/01765 8.002 0,001 6.152 §.020 4. 003 0,375 6,299
29/01/85 4. 002 0.6010 g.113 0.002 0.003 6.039 0. 380
27442/85 .003 0, 0810 6. 221 0. 863 0. 003 0.477 4,318
02/04/85 g.002 0.0010 §.417 $.605 0,003 0,427 0239
10764/85 0. 002 0.6010 g.114 . 8035 0.063 §.331 0. 254
01/05/85 9,402 G.0016 b.0%7 0.005 6.003 0.2%6 §.310
22763785 4,002 3.0010 4,105 4.4005 4.603 §.239 (. 395
11706785 0,002 4,001 0.0%4 0.008 0.003 0.138 .541
26/06/85 6.003 0.0010 0.090 0.003 4.003 6.078 0,543
04707185 0. 002 0.0010 0. 080 0. 005 3.003 4,044 0,505
18/07/85 e o o R - - -
G1/08/83 6002 0.6010 b.692 0,002 £.003 6681 0.821
15/08/85 0.002 0.0680 f.086 0.402 8.403 0.048 0.416
05/09/85 0.004 6.0002 4.102 0002 8.003 4.030 .54t
1909785 4,010 0.0010 G110 0,002 4,003 0.040 6.549
19709783 £.502 8.6010 8.040 8,002 0.603 6.032 0.547
$3/10/85 {002 4.6010 0.160 4. 002 0,063 .004 0.520
¢4/10/85 .002 & 0010 0,116 0,062 §.003 3,040 0.536
17716785 6,002 9.0010 §.110 0.402 {0035 .450 0.400
29710485 5,002 G.0610 g.100 0.063 ¢.003 4,054 4.570
077117865 4,002 0.0610 8,137 9,002 §.003 4.021 0.495
2i/11/88 5.062 0.0010 0100 G.005 4,003 0.0%2 0. 586
05/12/85 6.002 0.0010 0.0%99 {002 6.003 4,029 0,570
VL 8.0602 g, 4010 OB 6,002 b, 003 0. 029 8.5
18701784 .007 0.6010 o118 §.001 0.003 6.022 4,598
12402788 0.602 0.0010 0,113 0,062 .603 5,028 0. 460
21162184 8,007 3.0010 0,129 9,002 0.003 0.023 0.439
£2703788 0. 402 6.6010 4405 6. 502 0,003 0.935 6.313

26163788 .00 0. 0610 0.114 0.018 §.003 §.034 0,15



Batg Bigsplved Humic

Hickel acid

ag 1t mg 17%
63710788 o e
21714783 e w
$3/12/83 i e
4701784 e e
23101784 woe -
§3702/04 - i
14707188 e e
QhAGEIES e o
06/04784 = -
1g/04/88 1N 0.8
J0/04/84 0,061 1.0
{8/05/84 0,602 8.7
S1/05/84 §.002 4.4
12706784 0,001 4.3
28/06/94 0.002 8.3
(4707784 0,001 0.4
18707784 . 001 0.7
{§i/00/84 0.001 i.4
§0/08/84 4,607 tod
47709784 0,081 1.5
Qr710/84 4,003 2.3
19710784 4,002 2.7
tnf12/84 0.003 4.1
B/08/85 0,003 4.4
291017835 0,003 6.0
PARAY I {0,604 3.3
02/04/85 4,603 3.7
16704783 0,003 4.6
OL/06/8S 6.002 5.0
22705743 . 009 4.1
11705785 6,001 3.3
PUBM TR 4,003 .1
04407785 0.063 £.4
18767783 - £.8
017087835 ¢.003 6.9
15/06/83 0,063 7.5
05469785 0,002 7.3
19709785 0,004 7.5
9709785 0.067 I
83710/85 0,003 7.1
04/10/85 0,003 7.3
17719785 0.9063 8.3
23416783 4,083 §.3
67711/83 0003 8.9
21711783 0,003 B.3
057172765 0.603 1.7
18712783 0,003 7.7
TB/01/8h 0,003 6.4
12702785 0.063 .t
27407/84 0.007 6.2
1203788 0,003 -
26103786 4,603 i.4

g ]



fppendix B

Log

Tricladida

Polyralis nigraltenuis
Phagocata vitta
fiellusca

Pisidius sp.
Gligochasta

Hais cossunisivariablis
Yidavskyella connata
Enchytraedas

Lugharius variegatus
Stylodrilus heringlanus
Epheseroptera
Leptophlebia vesperting
L. vesperting
Flecontera

Hesoura cinersa

Heepura cashrica
Leuctra hippopus

L. nigra
Hesiptera
Hotonecta glauca
Elaencorixa propingua
Eellicoriza prasusta

. woolastoni
fretororise gergari
Sigara doraslis

§, distincta

Calpopters

Potamonectes elegans
Stictotarsus duodeciapustulatus
Hydroporus palustris
figabus guttatus

fi. bipustulatus
(iienius tuberculatus

Henalopiera
Sialis lutaria

Trichoptera

Blectrocneria consperss

P, geniculata

Polyceatropus flavosaculatus
P. kingi

Eyrnus flavidus

Bgtypria obsoleta
Lignesephilus centralis
Cingulatus fatipennic
Halesus radiates

H. digitatus

Diptera

Ceratopogenidae

Atrichopngon sp.
Racropeiopia sp.

Praciadius sp.

#hlabesyria sp.

Hatarsia sp.
Hetsrotrisspcladius sarcidus
Lisnocphyes sp.

latutschia husphresias
Peactrocladive {iebellatus gp.
P, psilopterus

?. ortossculatus

P. octoeacuiatus/ liebatellus gp,

Invertebrate taxa found at Liye Berwyn prior to liming

tCourtasy of HUA

zbundance rating

3
{

Lod L2 P B e

o I e A

L S R

Pud s w3 wem e fmy

It

Lanuli S8 L S S S TR B - §

Coed Pl g b Gof e fod mee ek B3 B3 St B

Bipters ctd

Ehastocladius

forvneura lacuglris
Cryptochironomus sp.

Biyptotendipes gp. A 9p.
Mrrotendipes sp,

Ricrotendipes pedellus

Tantytarses sp.

fhundance categories

- i
it - 100
10 - 1000

XN, 13

BE B3 e

59

Log shundance rating
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LLYH EERMYN SREDIES LISY

ACBEIA ACHNSHTEDS LINESRIS

ALRIIA ACHHANIFED MINUIISSIHA

ACRLAR ATHAAGIES AUSTRIACA

HLEHCA ACHMANIVES BARGIMILAIR

ALY RCHHANIIEY DEFRESSA

FRTETY ARPHORA OP

AHAETA BRDAGEOFETS SERIANG

FHIDAD AHOIEONELR VITRER

AHBOSE ANSAUEURETS PRACHTSIRA ¥ IHERAALIS
HSR03R ASTERIDMELLA RALFSIL

CAER2a CALONELS BACILLUA

CBBRYA CYRETLLA FUFGIDA

CHELSH CYAEELLA PERFUSTLLA

CHBI7R DYREELLA HEERIDICA

CHELAA CYRDELEA GRACTILIS

CHEDM CYREELLA GRELFARH]

CHI977 CTREELLA 5P,

LYe999 LYTLEIELLA 55,

EUsIn EU#AE LY VESMERTS

EUBBIA EUNOIIA PECTINALIS

EU24Z8 EUHOTIA PECTIMALIG ¥ HIWGR
EURRIC TURDITA PELIINALLIS ¥ SEHIRALIS
ETMOZE EVHOTIN FECIIAALIS U AIMR F IARERS
FLSa3A EGITA FRAERUPTA

EUBGA EUNOTIA TEWELLA

EURESA EIBOTIA ALPIMA

ELIRS DIROTIA LIMARTS

EUBERA EUNOTIN EDRLEDY

EUING8 EIROTIA ROWOLOH ¥ RAIOR F BIDEMS
fUBagh EURRILA EXIGUA

EUTIgA EUNDTIA FaBd

EUAELA EUHDTIA RHOHEQITEA

ESETA EROTIA ROBUSLA

FURIZE EUMOTIA FUEUSTA © IEMRMDLH
EURL3A SiH0T1S eRuS

EUBESA EUNBTIA DIDDOM

ERRSLA £UROTIA SUDEIICA

EUSZFA EUNDIEA TRIMRCRIA

FUIZBE LURGTIA RICFOCEFHALA ¥ TRIDEHIATA
EUAZFA EUNOTIA VALIEDA

EURRLA EUMOTIA SEPTENIRIOHALLS

FLP99T EUWBTER BF

FREGLA FRAGILARIA PINHATA

FROGPU FRAGIALRIA CONSTRUENE ¥ VERIER
FROI9SA FRAGEHLARIA VIRESCENS

FRULEA FRAGILERTA CONSTRICER

FRUIPA FRAGILARIA IMIESHEDIA

FRY999 FRAGILARIA £P

FURE2A FRUSTHLIA FHUSEOILES

FUS8Z8 FRUSTULIA RHDREQIBES V SAXGNILA
GOI03A GOMPHONENA ANGUSTATUM

GOYESA GORPHDFERA GRACILE

GOU4A GOMPHONERA ACUWINATUN

f0ResD GOXFRONERA ACUNINATUN ¥ CURDRATA
G999 GOMPHRUMERS 3P

KEREOA KELDGIRA- PERGLABRA
EEDLER HELOSIRA PERGLABRA V FLORINIAE

W GHIM
[itin 8

HiIgs.

GREH,

CTLEVE Y HUST,

(BRER, ¥ CLEVE

DR, 1 ROSS

Higd, (B4R

W SKimM

UEREN. 3 REREECHY dsyY
GREGIIRY

& CLEVE

{GREGURY § GREN.
(ReBH, } CLEXE
HEISTER

[T} 8 MULLER
fHUTL. ) FatP.
HIE. ¢ RATH,
PERR, 8 RUST
(EHRL ) BUST,
ik,

{GRUND, BT,
CRAEGELT T HUSEL
TERR. § GRS,
EHR,

H. Al

EEREH. § RARH.
{EHR. ) GRUA
ML

RALFS

(EER, ) FELES
£HR,

EHR.

{0, MULLER) HIET.
KEAGSKE

{4, HAYER) BUST,
HUGT.

OS1RUP

EHR,
LEHR, ¥ GRLR,
RALFS

- BB,

GRUH.

{EHR. ¥ OE 3@81
[RABH, 1 LE TONL
{KUIZ, 1 RABR.
EHR.

EHR.

{EHR. ¥, SRITH

G5TRuP
CAELRH

Appendix C

HASIA #ATICULA JARMEFELINL
ERFITA RAVILULS RADIOSH
RATESA MAYICULA SERTNIR I
HAGEER NAVICULA MEDIOCRIS
BABEZA NAVICULA PSEURGSLUITFORYIS
HASLAL HEUTCULA PUFLL A

HAGAZ8 HAYTLULA CNCCUNEIFOR4IS
HAE3ZE BAVICULA ANBUSEA
HATLEA MAVICULA HOFLERT

HAALA RAVICULA BRYOFHILA
HABEEA MAVIDULA SAHREHSIS
FASTLA BAVILULA CART

HAE7SS BAYICHLA SURHSHILATA
RAPREA NAVICULA TRHIVLA

HABSDD HAVICULA SP

HIRR1A MEIDEUM IRIDIS

HERG3A NEIDIUA AFFINE

FES?9Y PEIDIUH op

HI0TS HITZSOHIA PEERIFUTA
PIROM, PIMMULARIR ACUHIFALA
PLI0GA PIAHULARTA MATUR

PIOATG PINMIRARIA VIRIDIS
PI52%n PIMMULAREA DIVERSERS
PIOLIE PIKMILARIA KITROSTAURDY
PRIL&Y PIHMULARTA DIVERGEN) ESSI8A
18184 PINMURLARTA FICERS
PIIZHA PIAHULARIA BILSEMHR
PR PIRNULARIA SLECSPIIALA
PI823n PINMILARIA TRRORATA
PLR999 PIMMLLEREA SP

301060 STAURDHELS PRUEHICENTEROH
SAYYY9 SIRLURUNELS 5P

SHISGA SURIRELLS LIMEARIS
SUEnss EURIRELLA BELICATISHIMA
SYYHFY GYREDRA &P

(RI81A TRRELLARTA FLOCLUAOSH

MY,
UEEN
GRUH,
EREITRE
HUGL,
KifZ,
GREBIRY
GRUN,
CHILHUXY
FEIERSER
ERASERE
EkS.
GRijd,
ML,

CEHE, ¥ (LEVE
{E¥R. ¥ LLEVE

GRUN,

IHTIH FYMFIS0IA
AT,

{NITIECH) EMR,
4. SED

CERR, } ELEY
LEPUM. 3 CLEvE
GREETRY
CIARTZEH Y 420,
GREGURY

1 BEUI. HNST,

{HITISCH) EHR.

LIS ]
LEMIS

{ROTH KUTZ,
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