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1.0 Introduction

Surface water acidification is recognised &8s one of the wmost important
gnvironmental oprobless in Eurcpe and WNorth Americe, vyet despite the
pioneering work of $Borham on precipitation chemistry in Cumbria (Borham
§938) the full extent of acidification in the UK is still not known. In
garlier papers (Flower and Battarbee 1983, Batf{arbes et al. 1983 and Jonesg
gt al. 19846} we sstablished that both non-afforested and atforested lakes on
granitic rocks in Galloway, south-west Scotland; were strongly acidified,
and that the most likely cause of the acidification in the nop-afforested
lakes was dcid deposition. He have now extended our enquiry to
nan-afforested acid lakes in Hales and ather parts of Scotland to test the
general hypothesis that non-atforested clearwater lakes with pH values less
than 3.5 octcurring within areas of high acid deposition are acidified owing
te an ipcrease in acid deposition over recent decades,

This paper presents lake/catcheent descriptions, fighing histories and land
use/management histories of Llyns Conwy and Bamallt, two acid lakes in north
Wales (Fig. !}. Gediment cores were taken +from these lakes in Hay 1983,
However, the material recovered proved inadequate tor diatom and associated
sediment analyses {to reconstruct past pH values and illustrate past
atmospheric inputs) {eg. Battarbee et al. 1983, Anderson sif al. 1986, Frit:
gt al, 19B4a, Kreiser et al. 1986},

It is proposed to re-core these lakes in the future and negotiations are in
progress to secure funds for such & project. Evidence presented in this
paper sugpests that these lakes are particularly worthy of further
palaeopnvironmental investigation.

2.0 8ite details

2.1 Llvn Conwy
2.4,1 The lake

Liyn Eonwy lies at an altitude of 450 o on  the north of the Higneint
Plateau, some 8 kmn north-west of Ffestiniog, an area which receives a
rainfall of over 2000 mm yr-', The lake has & surface areaz opf £0.1 ha,
The detailed wathymetry demonstrates that away from the shallow embayaents
the lake is dominated by & relatively unifore basin (Fig. 2). The lake has
a2 mean depth of 7.66 m and & volume of 3,073,846 #® (Table 1). The lake ig
used for potable water supply and is subject to water level fluctuations as
g result of artiticial drawdown, particularly in summer.

The drainage network is poorly foraed. One rather indistinct inflow drains
intg the north and one to the north-sgast of the lake (Fig. 37, Host of the
water input is by groundwater flow and by flow within and over the blanket
pests. A single outflow (Afop Conwy) drains fros the southern end of the
lake {Fig. 3} over a weir constructed by the WHA.

Water guality of the lake iz wmonitored by the WHHA. A prelieinary report
{Milner and Jones 19831 Indicated a pH of 4.6 with an alkalinity of B.7 uegqg
i-r, Bissolved calecium levels averaged 42 ueg 17! and dissolved aluminiusm
8.2 ueg 1-7,
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fn assessment of lake vegetation was made in May 1895 (P.Raven pers. comm.}.
Plant life in the lake is not abundant. duncus  acutifloris and Juncus
articulatus are locally plentiful in sheltered enmbayments and surround the
small island off the central eastern shore. Littorella unitlora is scarce
while Lobeliia dortmanna and Ispetes lacustris were only recovered from the
strandline indicating their presence in the sublittoral. f previous survey
{Rose 1984} indicated that Isoetes larusiris, Lobelia dortmanna and duncus
bulbosug dominated the flora of the lake.

2.1.2 The catchment

Llyn Conwy has a relatively small catchment area of 95.9 he {excluding the
lakel, giving a lake catchmentiliake ratic of 2.39. The catchment is of only
moderate relief reaching 2 maximum gltitude of G264 m {some 7% m above the
take water surfacel to the north (Table 1, Fig. 3},

ODetaiied geological mapping of the catchment is not vyet available but
surveying is in progrese nearby (R. Bazely pers. coam.}. In general, thinly
bedded Ordovician and Silurian sudstones and shales dominate the catchment
gealogy with occasional outcrops of Ordovician velecanics., Drift geclogy is
almost entirely absent (Milmper and Jones 1983).

Soils of the catchment are dominated by blapket peats belonging tfo the
Crowdy 2 peat series (10i13b). To the north-east a3 spall area of wet loaasy
snils overlain by peat belonging to the Wilcox 2 series (721d} occurs.

Mature Calluna vulgaris dominates the catchment vegetation with Eriophorum
vaginatum occupying a secondary position. Areas of eroding blanket peat
characterised by Sphagnus recervum and 5. cuspidatums occur to the east of
the lake {Fig. 41.

Table § Llyn Conwy, lake and catchaent chargcteristics

L.ake

Sltitude 450 n
Surface area 4.1 ha
Maximum depth 22 n
#ean depth 7.66 n
Yolume 3,073,846 a3
Catchment

Mawimum altitude 5246 @m

Area {excluding lake} 93.9 ha
Catchment:lake ratinp 2.39
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2.2 Livn BGamallt

2.2.1 The lake

Liyn Bapallt comprises two rock basin lakes - Gapallt Fawr (lower lake) and
Gamallt Bach (Upper lake) linked by a short connecting stream (Fig. &}, The
iakes lie to the west of the Higneint plateay impediately below the Braig
Goch Ridge, some 5 ke north-west of Ffestiniocg., The lake system lies at an
altitude of 463 m in an ares which receives ap  annual rainfall in excess of
2000 mm, The combined lake surface area is {3 ha {Table 2. The bathymetry
of the lower lake {Fig. 5) must be considered only an approximation owing to
techpical problems encountered in the field, The upper lake comprises four
sma#il sub-besins in excess of 3 & offset to the gast of centre (Fig. 3).
The upper lake has 2 mawimum depth of 5.3 m, a aesan depth of 1.3 a and =
volume of 41,494 a3 (Table 2}.

Apart from the connecting stream no discrete streams enter the lake systen.
fffeprent drainage comprises many channels some of which are supplied by
natural pipe formations in the peal, some are spring-fed channels flowing
mainly through boulder scree and others are artificial {see Section §.2.1}
{Milner and Jones 1985). The lower lake is draiped by a single outflow
{Afon Bamallt) at ites south-western extremity (Fig. éi.

The water gqualiiy of Liyn Bagallt is monitored by the WWA. The lakes are
very acid {pH 4.3) with an alkaliniliy of 6.3 ueq -1, Ealcium levels
averaged 40 ueq l-i and aluminium 16.0 ueg I-! (Milner and Jones 19HS).

figuatic vegetation is not well developed in the lakes. The clear water and
stoney substrate supports Mardis cuporegssa, Littorellas uniflora and Lebelia

dorimanpna. There is no emergent vegetation in famallt PRach but along the
shore of Gagallt Fawr small areas of Cared rostrata and Glyceria sp. sccur
in the bays {(Alewander and Lutley 1981},

2.2.2 The catcheent

Liyn Gamallt has & catchment of 55.47 ha lexcluding the lake) giving 2 lake
catchment:lake ratio of 4.26 (Table 2i. The high craggy ridge and screes of
fraig Hoch {Havimump altitude 588 =) dominate the north and east of the
catchment, with less rugged peat covered terrain to the west,

Detailed geological mapping of the catchment is not yet available but
surveying is in progress nearby (R. Bazely pers. comm.}. In general, thinly
bedded Ordovician and Silurian mudstones and shales dominate the catrhment
geclogy with occasional outcrops of Ordovician volcanics, A well defined
exposure of these volcanics runs along the south shore of the upper lake
{flexander and Lutley 1981}). Brift geclegy is almost entirely absent
{Hilner and Jones 1983).

Soile of the tatchment are dominated by acid humic rankers belonging to the
Bangor association (3ife). In addition, large areas of the lake catchment
are covered in deep bBlanket peat belonging to the Hinterhill soil
association series.

The vegetation of the area has been well mapped (Alexander and Lutley 19813,
Briefly, Calluns vulgaris dominates the ecatchament (Fig., 7! often overlving
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the deep blanket opeats, There is a partial understorey of Vaccinium

myrtillus and Espetruem niagrum. Interspersed tussocks of Eriphorum vaginatus
and Juncus sguarrosus form ca. 23% of the cover and create a hummocky
structure, A luxuriant Sphagnum lawp acts as an understarey to most of
these communities. To the south of the lakes the heath vegetation grades
intoe a grassy heath dominated by Festuca ovina and Deschampsia flexuosa.

Table 2 Llyn Gamallt. lake and catchaent tharacteristics

Lake
Altitude 463 m
Surface area {(combined} {3 ha
Haximum depth {upper lake) 5.3 m
Hean depth {upper lake! 1.5 m
Volume f(upper lake) 41,694 nd

Bathymetry of the lower iake is considered unreliable {see Section Z.2.1}

LCatchment

Maximum altitude 3588 »
Area {ewcluding lakes! 33.47 ha
Catchment:lake ratio 4,264
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Fig. 5. LLYN GAMALLT, BATHYMETRY
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Fig. 6. LLYN GAMALLT,CATCHMENT
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Fig. 7. LLYN GAMALLT, CATCHMENT VEGETATION,
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3.0 Fishing Histories

31 Llyn Conwy

In the 1950s Llyn Conwy was regarded as the best brown trout lake in
Snowdonia (Jdones (9B84). Since the early 19605 a major decline in the natural
population hkas been observed to the extent where fishing is now only
maintained by stocking with adult brown trout {Jones 1984, Milner and Jones
198%%.

The lake and fishing in it were granted to the Penrhyn family by & deed froam
the Crown of [46B6 (1}. Before [B3s the f{fishing was not preserved and was
effectively 'free’'. However, when the Mostyn family obtained the fishing
rights for a ten year period from 1B3& they constructed 2 small boat houss
and preserved the fishing barring it to unzuthorised anglers {2}. The lake
reverted to the Penrhyn estate in 1846 which maintained a policvy of private
fishing. In the 1%30s Llyn Conwy was the only lake on the Penrhyn estate in
Snowdonia where free fishing was not permitted (Ward 1931},

Livn Conwy had a long established reputation as a gond trout fishery. During
three visits {1797, 1861, 1810} Colt Hoars reported that the lake abounded
with good quality trout and reckoned it to be one of the best frout
tisheries in Wales (Thompson 19B3).

Eliffe (1840} recorded that Llyn Conwy was a "fine pool’ where there uwas
sometimes ‘excellent sport’. Black {(1BBS) described the lake as being well
stocked with +fish. HWard (1931} reported “large numsbers of trout® that
averaged 0.3 lbs in weight.

The detline in fish stock from the 19605 was accompanied by an increase in
the average weight of those trout that were caught from 150-200 g in the
195¢s to 500-600 g in the 1970s {(Jonee 1984, Milner and Jones [985). This
phenomencn is considered te be in accord with a decline in natural
recrultment,

In 1978 the Llyn Conwy Flyfishers Club was established and a2 programme of
annual stocking instigated (Table 3). Only continued stocking has maintained
& viable fishery in the lake. An angling catch survey in 1984 {(Milner and
dones 1983} revealed high catch rates of 4.86 and 2.74 fish per visit in the
garly and late seasons respectively.

A netting and electrofishing survey by the WWA confirmed the low level of
natural recruitment {Milner and Jones 1988). The low pH wvalues in
asgpciation with low calcium concentrations {less than 50 ueg I~} are below
the level conventionally regarded as lethal to salmonids. Jones {1984}
reported that yolk sac fry and see btrout alevins snon died when introduced
to the lake. Monitoring of stocked fish revealed a short term physiological
response to the new environment which Hilner and Jones {(I985) attributed to
mild acid siress.

Jones (1984} observed that the area of streas available as a nursery habitat
for potential lake recruits is small {0.003 Hkm®) and that it is unlikely
that obstruction to and from the stream, owing to lake drawdown, has been
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responsible for any recruitment fallure.

3.2 Livn Bamallt

The Gapallt lakes are fished by the Cambrian #ngling Asspriatiop and were
once considersd among the best of the association’s lakes (B, Williams pers.
comm.!. However, declining catches, first repeorted in 19681, have rcontinued
to the present day so that very few adult trout remain in the lake and there
is no natural breeding.

In 1801 Colt Hpare drew a distinction betfuween the larger, red fish of the
upper lake and the smaller, white, "bad’ fish o+ the Iipwer lake {Thospson
17837,

Ward (1931} considered Liyp Bamalit to be one of the best lakes in the
region yielding fine qualily trout of betuween [-3 lbs. A boat was maintailned
aon sach lake and a fishing hut {still extant - Fig. &! on the sputhern shore
of the upper lake.

Mueh of the lake systesm was Crown property and +ishing was sffectively
"tree’ but a portion of the upper lake was privately owned. At one stage
ownership was in the hands of the Casson family who had & reputation as
experimental fish breeders (G, Williams pers. comm.}. The first edition six
inch Ordnance Survey map of 1887 {3} portrays two “fish ponds’, one betueen
the lakes, the pther at the outflow of the lower lake. The validity of this
description is wuncertain (it does not appear on subseguent Ordnance Burvey
editions}. However, it is opossible that these ‘ponds’ represented an early
attempt to stock and/or manipulate the Bamallt fishery.

The first recorded stocking of the lakes was in the early 20th century when
Loch bLeven trout were introduced {Ward 1931!. Since 1954 the lakes have been
regularly stocked with brown trout (4} {(Table 3). From the {(960s such
stpcking has met with increagingly limited success.

fn anglipg catch survey in 1983 (Milner and Jones 1983) revealed a low catch
rate in hoth first (0.41 fish per wvisit! and second {0 fish per visit}
halves of the season. A similar survey in 1984 revealed no catches in 10
declared visits.

Results of the angling surveye were caonfirasd by a2 WHA nretting and
electrofishing exercige {(Hilner and Jones (983). The few adult fish
remaining were relatively large indicating an absence of natural breeding
within the lake. Stocked +ish were observed to erperience & Severe response
tp the acid conditions with total mortality within 48 hours.

In addition to stocking, the Cambrian Apglers #Asgociation made further
{unsuccessful} attempts to improve the fishery by liming {2 tons in 1974}
and fertilising (0.5 ton in 1976} the lakes (6. HWilliams pers. comm.!.
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Table 3 GStocking History of Llyvns Conwy and Bamallt,
{(Frosm Milner and Jones 15985}

¥ear Gamallt Lonuy
fry I-5* fry 3-5°

1950

1951

1952

1953

1954 2,000

1955 5,000

1956

1957

1958 3,000

1959 16,000

1940 13,000

1961 16,000

1962 20,000

1963

1964 10,000

1965

1964 250

1967 12,000 5,340

1968 186

1969 560

1970 574

1971 180

1972 B0

1973

1974 2,000

1975 2,920

1976 1,820

1977

1978 15,000 5,000 (+1,000 6-9"}
1979 5,000 (+#1,000 &-9°)
1980 2,500 5,000
1981 3,500
1987 25,000 3,500
1983 3,500
1984 2,000

3.3 Fishery decline: appraisal

Becline of the fisheries dates 4rom the early 1960s in both Livns Conuwy and
Bamallt, In Llvn Bamallt nmatural recruitment has ceased and occurs only at g
very low leval in Llyp Conwy. In terms of fishery status Llyp Gamallt is
virtually a dead lake, while Llyn Conwy functions solely as a “pul and take’
fishery.

Milner and Jones (1983} cencluded that declining recruitment in these lakes
has not resulted from over-exploitation by for example, angling, poaching
or brpodstorck collection., Siltation of spawning bede has npot been phserved
at either site.
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The effect of water leve!l drawdown in Llyn ConuWy is uncertain., Reduced
trout growth as a result of littoral faunma deplstion conseqguent upon
drawdown was not ohbserved {5}. Howsver, Hilper and Jones (1983 consider
that the effect of drawdown on the invertebrate population of Liyn Conwy
presents a potential impact that deserves further investigation.

Cage toxicity experiments with trout fry in both lakes confirmed that acid
water rconditions account for the low level or absence of mnatural
recruitment. Most mortality was ascribed to pH toxicity compounded with low
calcium levels rather than the action of aluminium (Milner and Jones 1983},

The histery of stocking f{particularly in Llyn Bamallt - Table 3! may heve
exacerbated the demise of patural recruitment. Hiloner apd Jones (1985}
suggest that the interbreeding of hatchery strains with wild populations
could have led to a gradual loss of ecid resistance and possibly other
fitness traits, in subsequent geperatians.
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4.0 Land use and managepent {4}

4.1 Land uss

The catcheents of Llvns Conwy and Bamallt lie at over 400 m on peats and
acid soile that comprise unimproved moorland uiilised for rough grazing and
game shooting. In termes of vegetatignal composition (see Sections 2.1.2,
2.2.2} the catchments may be categorised as “shrubby heath’ {eg. King (977,
Ball et al. 19827,

In terms of the ADAG {7} Land Capability Classification the catchaents
comprise land of the categories HI -~ ‘improvesents generally severely
iimited but of moderate or high grazing velue’' {Lonwy and Qamallti} and H4 -~
‘generally not improvable and of low grazing value’ (Gapallt}l (MAFF 1980},

Both catchments are predominantly unenclossd. Two boundary walls at the
north of Liyn Conwy {(Fig. 3} were constructed in the 1870s to delimit local
sheepwalk boundaries {8}, The western side of the Llyn Bamallt catchment is
broadly enclosed with stope walls (Fig. &}, This 'enclogure’, set within
unenclosed asoorland, is of some antiquity, dating from before 1784 (93,
Although enclogsure 2llows stock numbers to be controlled within a defined
area and may thus be ubtilized a5 & seans towards land improvement (Patrick
1984}, there is no evidence to suggest that "enclosed’ land in the Conwy and
Gamallt catchments was managed so intensively as Yo upgrade the aeocorland
vegetation.

Areas of artificial peat drainage exist in both catchasents {(see Sections
4.2.1, 4.2.2). At both sites drainage was to manipulate the quality of
indigencus Calluna and did not represent an attempt to alter the vegetation

tvne,

There is no likelihood that any attempt was made to improve the acid
moorland with lime. North-west Wales is almost entirely devoid of limestone
deposits and in  the 19th century the high price of imported lime together
with the cost of carriage over poor roads, ensured that it was rarely used
in remoter areas {(Davies 1813) {103,

The Penrhyn Estate managed most of the Llyn Conwy catchment and part of the
Livn Gamalit catchment through much of the 1%th and early 20th centuries.
the sstate was at the forefront of agricultural improvement in Wales (eq.
Davies {813, Royal Lommission 1896, Williame 1941} and accounts and papers
{11} indicate that lime was regularly used on arable and permanent pasture
of the demesne and tenant farms {the estete possesssed its ocwn lime kiln).
However, there is no wvidence within the records of the Penrhyn Estate (12}
to supgest that lime was used on high, rough grazing land.

Contemporary farmers {eg. B. Davies, R. Davies, P. Rowlands, 7. Williams
pers. comms.} and aubthorities {eg. J. Aylett, B. Crighton pers, comms.)
confirm thet agricultural lime has not been applied to the catchments in
Living memory.

Liyn Bameilt lies ismediately east and south of an extensive slate guarrying
region. The slate deposits of the catchment were mapped in the 19th cenfury
{13}, but there is no evidence that slate was ever quarried within the
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catchment. Similarly although there is cartographic evidence (14} of itrials
tor lead and copper ismediately to the west, but outside of, the catchmant
{ct. Alesander and Lutliey 1981}, there is no evidence of the exploitation of
lead or any other mineral within the catchment.

There is no evidence for the exploitation of any sineral within the Liyn

Conuy catchment. #n old slete quarry and leed trials lie some 0.5 ks ocutside
the catchaent to the north esast.

4.1.1 Bocumentary sources {15}

A series of estate papers #from the late 18th through the 19th centuries,
relating prigparily to oquestions of land ownership/tenure {16}, grazing
rights {17} and sporting rights {18}, confirs (often incidentally) that
guring this peried the Llyn Lonwy and Llve Gapallt catchaents comprised
unimproved mogrland.

The tithe map end schedule of Ffestinjop {19} indicates that in the mid-i9th
century the catchment of Llyn Samallt rcomprised sheepwalk land. The tithe
map and schedule of Fenmachno {20} distinguishes between areas of ‘old
pasture’ (presumably rough grazing -~ cof. Morgan 1939, Patrick et al. 1986,
Stevenson gt gl. 1987) and ‘common’.

The immediate wvicinifty of Llyn Bamallt does not feature greatly in
contemporary travellogues. But such works emphasise the unimproved nature of
the land surrounding Llyn Conwy. Colt Hoare described the lake as lving in a
“mpet bkarren and dreary waste® (1810} {Thompson 1983}, In the same vear
Pennant ({1810) recorded the “dismal” situstion of the lake, "situated &mang
rock and bog®. Black (1BBA) noted that access to Liyn Conwy was hampered by
surrounding bogs.

The first and subseguent editions of the six inch Ordnance Survey mape of
the arwvas (21} show the catchments to consist of ‘rough or heathy pasture’,

The tirst Land Utilisation Survey six inch wmanuscript maps of 1933 {22}
place both catchments in the ‘moorland/rough grazing category. The second
tand Utilisation Survey six inch amanuscript maps of 1970 {23} indicate a
vegetation cover iand distribution that is very similar to the present
situatiogn {see Sections 2.1.2, 2.2.2, Figs 3, 7}.

& vopy of the 'Brassland SBurvey ™ field map (1:63,350) of the Llys Conwy
region reprotduced in Davies {1934} depicts cotton grass (Eriesphorum
vaginatum! as dominating the catchment, Thig contrasts with the dominance of
Calluna as seen today and recorded in 1970 (see abovel. Whether this
represents a regeneration of Calluyna at the expense of Eriophgrum vaginatus
sipce the 1930s, or is the result of an insufficiently rigorous survey in
the 19308, is aot known. However, evidence from the literature (ITE 1978,
Hather 1983} suggests that where Eriophorum vaginatum surceeds Calluna as a
result of decreased burning/grazing, the transition occurs over a period of
centuries rather than decades.

Both catcheents Yie within the north Snowdonia MNational Park region that was
studied in the Moorland Change Project of Parry et al., {1982}, Analysis of
griginal project data (24} confirmed that the Llvne Conwy and GBamallt
catchments have experienced no change in land use since at least (887,
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4.2 Land menesgement

4.2.1 Pastogralicna

Until the mid~-19th black cattle were sitill an isportant component of the
pastoral econcmy of north Hales., Boats still ranged the hills as did young
ponies (Evans 1812, Roberts 1989, Emery 1965, Hughes et al. 19731, The
relative importance of cattletsheeprgpats is & matter of some uncertainty,
but by the mid-19th century the central issues of pastoral wmanagenent in
moorland areas concerned their utilisation for sheep grazing {(Fatrick 1986).

Enciosed '+fridd’ land immediately below the open wmoorland often provided
grazing for sheep in winter and catile in summer. The enclosed ares to the
west of Liyn Samallt (Fig. 4} is lknown locally as ‘Féridd Eamallt’.
Surrounded by open moorland, it is doubtful whether this area functioned as
true firidd land. At an altitude in excess of 400 wm, it is unlikely that a
suitable habitat was asvailable for cattle in sumsmper {(cf. Kay 1794, Williams
1932y, or that it provided any great advantage over the open moorland for
sheep in winter.

In the sparly 19th rcentury Hyde Hall reported that cattle in Penmachno parish
were sometimes grazed abave the §$fridd in summer {(Caern. Hist. Beoec. 193523,
However, local farmers (eg. G. Davies, R.Davies, T. H#illiams pers. comms.!
suggest that the Llyn Conwy catchment would have been too wet and exposed
for cettle,

While the Penrhvn Estate had an interest in the Liyn Conwy catchaent,
particularly f¢rom the wmid-i{9th ~ mid-20th centuries, sheep grazing was
secondary to the exploitation of game {(see SHection 4.2.2). & sheepfold (now
demolished) depicted an the bOrdnance Survey siv inch map of 1891 {(absent on
subsequent editions} at the sastern edge of the lake is evidence of the
presence of sheep on the catchesent in the 19th century.

For a period fros the id-1950s -~ mid-{940s when the active control of the
Penrhyn Estate had disinished and land in the Llyn Conwy catchaent was heing
transferred to the Hational Trust in lieu of death duties, continued burning
of Lallunas for grouse (see Sectiop 4.2.2} encouraged tepant fargers to
increase sheep numbers on the catchment {253, However, although in 1948 the
Trust decided to esncourage sheep at the expense of grouse on the catchment
{263, an assorciated ‘han’ on burning {geg BSertion 4.2.2) proved a
disincentive to increazse sheep nuasbers,

Sheep graezing on the Llyn Gamalit catchment is effectively contined to the
north-western ~ sputh-sastern sector. The northern and eastern slopes heing
top rocky and precipitous.

It is possible that a derelict structure at the outflow of the Liyn Bamallt

Fawr is an old pen positicned to permit the washing of sheep in the lake
prior to shearing (B. Crighton pers. coma.) fcf. Fritz et al. 19B&b, Patrick
gt al. 1987}, Howsver, it ig not described as such on any UOrdnance Survey
map.

fn area inomedistely to the west of Llyn Bamallt Fawr wae drained during ths
£940s (27} to reduce the saturation of the peat and encourege healthier
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stends of Calluna (B. Crighton, P. Rowlands pers. comms.}) for grazing sheep.
The drains were deep and naerrow and although they have not been maintained
they tomprise an active network of drainage to the lake isee Bection 2.2.1}.

The Llyn Gamallt catchment was regularly burnt in broad patches by ftenant
farmers until the late 1940s. fAerial photographs taken in 1944 (2B clearly
indicate mosaics of vegetation of different ages. National Trust policy te
curtail moorland burning has resulted in the western sector of the catchment
remaining unburnt for 15 years. The remalnder of the catchment is now only
infreguently burnt (P. PRowlands, &. Williams pers. cosms.}. The long and
woody nature of the Calluna that dominates the catchaent may he attributed
tn the lack of burning and roncomitent low grazing pressure.

The only quantitative date relating to sheep numbers in the vicinity of the
Livns Conwy and Gampallt rcatchments are those of the annual parish
agricultural returns of Penmachno and Ffestiniog (29} respectively, these
waere analvsed at guinquennial intervals and are presented in Fig. B.

Aithough they represent the source of information wmost applicable to the
catchments in guestion, the spatial resclution of these data do not permit
catchment-specific assertions te be drawn and their interpretation is
hindered by several other constraints. In particular they take only a
limited account of changes in sheep ftype and npo account of changes in
grazing regime {(Patrick 198Bé&}.

In both parishes sheep numbers fluctusted before a general increazse from the
i1950s (Fig. 8. This increase has not been realised withia the Llyns Conwy
and Gamallt catchments where farmpers have recognised a decrease {(Conwy) or
littie change {(Bamgllt} (6. Davies, R. Davies P, Rowlands, T. HWilliams pers.,
COMBE. ! .

4 change in grazing regime has been apparent {from the second half of the
i9th century. The transilion from hardy wethers to ewes and lambs {cf. Fig.
8y, the declining viability and eventual abandonment of many hill farms and
the greater availability of winter grazing on lower land, has resulfed in
fewer sheep over-wintering on the high hills and 2 shortening of the grazing
season at these altitudes (Patrick (986},

Hatiognz! Trust records {30} show that by 1961 the Livn Bamallt catchament
was utilised for summer grazing only and that although grazing leases placed
g limit on sheep numbers, the land would support little more than 2.5 sheep
ha~t, No shsep aver-winter on the Llysn CLonwy cabteheent (G, Davies, R.
Davies, T, Williams pers comms.}.

Manipulation of data relating to sheep numbers (Fig. B8} and area of rough
grazing from the parish statistics, permit the calculation of a crude trend
of changing stocking densities cn unimproved land in the Llvns FUonwy and
Bamallt localities (Fig. 9). Thess trends are not catchsent specific and
they assume that all shesp sre turped on to the hills {(pot an unreasonable
assymption in summer). Furthermore, they take no account of the changing
impact on grazing intensity conseguent udpon the replacesment of larger
wethers by ewes and }ambs,

The grazing densities indicated in Fig. 9 would appear too high for the
catchments in question., Lertainly there is no suggestion of an  increase in
stocking intensity from the 19850s in either catchament.
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Fig. 8. SHEEP NUMBERS IN FFESTINIOG AND PENMACHNO 1867-1983
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Fig. 8. CRUDE STOCKING DENSITY SHEEP HA ROUGH GRAZING
IN FFESTINIOG AND PENMACHNO 1895-1983
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4.2.7 Manacesent for ganme

Liyn Conwy

The Llvn Ceonwy catchament was part of an area highly prized as a gase moor by
the VYstbytty (Penrhyn} (31} Estate and actively managed {prigmarily for
grouse) by gaemekeepers of the esstate {and later the 'Ystbytty Bhoot') until
ca, 1970, Hany of the 19th century disputes over land in the area centred
upon ownership and tenancies of sporting rights {327,

The peat of the sastern slopes of the catchment was drained (Fig. 3! during
the 1920s in en atteppt to provide healithier Calluns stands for grouse, The
drains were periodically serviced until ca. 1970 {33},

The catohment was regularly burnt in strips or small patches to vyield
Caliune stands of varving maturity providing both nutrition and shelter for
grouse. fir photographs taken in 1946 (34} show s mosaic of burnt vegetation
throughout the catchment. Burning effectively ceased in the catchment ca.
197¢ ae & result of MNational Trust policy f{see Gection 4.2.1); the
designation of the area as part of the MNigneint 8580 (I1971) and the
proximity of maturing forest some 1.5 ke to the north-east and 1 ke to the
north-west.

Game bags f(particularly grouse) declined steadily in the area from ca. 1940,
Gamekeepers no longer regularly patrelled the scor so versin increased and
hurning became less freguent. With the cessation of burning and active
management from ca. 1970 shooting over the caltchment hRas became very
infrequent {382,

Livn Ganallt

The Yetbytty Estate had direct control over gape in the western sector of
the catchment {until the area was transferred to the HNational Trust in the
early 19408} and leased the sporting rights on the Lrown cosmon  that
comprises the remainder of the caichment (343,

Editions of the Ordnance Burvey six inch map of the catchment describe the
tishing hut on the shore of the upper lake as a ’“shooting box ', Hilner and
Jones {(1985) suggest that the catchment wes burnt $or grouse. Howsver, there
ie no svidence to suggest that the Llyp Bamallt catchmeat was mpanaged for
nape 2% intensively as that of Llyn Conwy.

4.2.3% Subsidiary management practices

There is documented evidence of peat cutting on sheepwslks and cosmon land
in Penmachno {37} and on moorland on  the VYsthyity Estate {38}. However,
there is no indication ¢ros documentary sources, or on the ground, that peat
in the Llyns Lonwy and Bamallt catchments was ever exploited as a turbary.




25

5.0 Digcussion

[t has been conclusively shown that the acidification of Liyns Conwy and
Gampallit cannot be accounted for by any change in  land use withia their
catchments. Potentially significant land management changes have, however,
peecurred in both catchaents.

Both catchments had & history of regular burning of thelr nsoorland
vegetation {primarilyv for grouse at Llyn Conwy and sheep at Llvn Gamallt}.
In both catchaents burning oractically ceased from ca. 1970 with the result
that the dominant Ealluna vegetation has developed inte mature, woody
stands, The regeneration of acidic heathland species such as Calluna is a
cornerstone of Rosengvist's (1978, et al. 1980) explanation of acidification
through changing "land use’. However, as Milner and Jones (19B5! observe,
the acidifying effects of Callunse growth are uncertain and in any cass
€alluna ‘regeneration’ through the cessation of burning ptcurred some years
after fishery decline was well established.

Pptential acidifying effects may stem from entcessive as opposed to a
cessation of burning. Roge (1984} cheerved that several areas of
surface-crusted (and potentially erodible}l peat on the Higneint Plateay
{including areas in the Lliys Copwy catchment! may have resulted from a
history of over-burning. Peat erosion is apparent within the Llyns Conwy and
Gampallt catchments,

HButh catchments include areas of peat drainage. Borhas gt al. (1984} and
Hornung (1984} have shown that the washout of sulphate that is formed by
gyidation in dry weather, is a natural acidification mechanism in peatiands,
Milnmer and Jones {1985) demonstrated that the process was operative in the
Llyn GBamalit catcheent. However, while recognising that artiticial drainage
could enhance this process, Hilner and Jones (1983) were uncertain that the
small-scale drainage to the west of Llvn Gamallt Fawr wag sufficient to
cause a significant pH change in the lake. They further observed that Llyn
Gamalit Bach which receives no artificial peat drainage, has a chemistry
similar to the lower laks.

Milner and Jones {1988) consider it unlikely that artificial drawdowen of
Liyn Cenwy and resulbant redoy reactions in the ewposed peat has been
responsible for the acidification of the lake. However, the temporal
coincidence between reservoiring the lake (1937} and the onset of fishery
decling {ca. 1940} may indicate a causal relationship.

The subjective observation of fishery decline is not a suitably stringent
measure af the onset and development of acidification. 1§ it were, the
drainage of peat around Liyns Conwy and Bamallt Fawr and the reservoiring of
Livn Conwy could not be totally dismissed as insignificant to the
acidification process,

For & full assessment of the significance of the changing wmanagement
practices obsearved in both catchments it 15 necessary to assemble a more
rigorous reconstruction of lazke water gquality through time, The
palaesclimnological technigues of dietom, metals, soot particle and magnetic
analyses performed on dated lake sedisent cores provide that rigour,

0f the [0 lakes in Wales studied under DOE contract PECD 7/7/139 none
pussess  such well documented and potentially sidgnificant catchment history
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as Llyns Cenwy and Gamalll. Unfortunately the sedisents of these lakes are
distributed in & complex manner and defy sigple single core analysis. A
programme of sediesent mapping and subsequent (wulti) coring is required to
furnish a suitable palaecenvironmental record.
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HLW, Fenrhyn papers, 24935. Correspondence,

LW, Penrhyn opapers, 2930, Fapers relating to sporting rights in
Ffestiniog and Penmachno, ca. [(B30-1860.

Ordnance Survey siy inch, first edition. Surveyed 1887, published 1891,
1000 rainbow trout were introduced in 19864 (Milner and Jones 1983).
Drawdown typically takes the form of a single gradual summer lowering of
water level, rather than periodic fluctuatione throughout the vyear
{Milner and Jopes 1985,

For a definition of these terms see Patrick {1784}.

ADAS: Agricultural Development Advisory Service (MAFF).

. HLW, Penrhyn papers, 180&6. Letter book.

Czernarvon Record O+fice, XDB/4/1290. Hap of an estate belonging to Mr
John Williams situated in the parish of Ffestiniocg, surveyed by J.
Griffith 1784,

The lack of isprovement of lend in Penmaechno was pertly attributed to
the expense of lime in the sid-19th century by the tithe commissioners.
{Penmachne tithe file, PRO (Kew), IR 18 14152).

gg, NLW, Penrhyn papers, 19&1. Accounts for 1845,

NL¥, Penrhyn papers, 2321. Articles of agreement relating to the tenancy
of Penbedw, 1833,

Held at NLW, Bangor.

Casrpnarvon Record Office, ¥/BJC/L1, X/BIL/4. Plans and sections of
Gamailt slate property in the parish of Fiestiniog (undated!.

eq. WL¥, Penrhyn papers, 2917-2%922. Maps of comson and sheepwalks inp
the parishes of Penmachno and Ffestiniog, 1833.

MLW, Penrhyn papers, 2933. Map of Crown sporting rights in Ffestiniog,
1862,

Ordnance Survey siy inch, first edition. Surveyed 1887, gpublished 1891,

See Fatrick {19841 with regard to spurces and their intersretation
utilised in documenting land use and management history.

gg. ML, Penrhyn papers, 238B3-%23%3, Papers relating te the conveyancing
of Pen v Bont and Oernant properties to the Penrhyn Estate, 1847-1Bé8.

NLW, Penrhyn opapers, 23460-2341. Papers relating to the sale aof Carrog
farm, 1842
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MLY, Penrbyn papers, 2323. Papers relating to the convevance of Penbedw,
{846,

fasrnarvon Record Office, XDB/74/12%0. Bee note 9.
eg. NLW, Penrhyn papers, 2917-2922. See note (4,

HiW, Penrhyn papers, 2Z%914. MHap of Crown waste lands in the parishes of
Beddgelert, Lianfrothen, Ffestiniog and Penmachno, 1835,

NLW, Mostyn papers, BSI8. Map of part of Eidda Manor {undated),

#g. NLW, Penrhyn papers, 2374. Lgase of game and shooting rights in or
on lands inciuding Pen v Bont and Bermant, 1B38.

MLW, Penrhyn papers, 2344, Lease of sporting rights on or over Carrog
tand other farmsi, 1836,

NLW, Penrhyn papers, 2930. See note 2.

LY, Penrhyn papers, Z9353. See note 14.

HLW., Tithe map and schedule of Ffestiniog, 1842,

PRO (Kew!l, IR 30/46/61. Tithe map and schedule of Penmachno, 1839,

Livn Conwys First edition surveyed 1887, published 1891,
Second edition revised 1899, published 190%.
Third edition revised 1910, published 1920,
Provisional editiaon revised 1949, published 1933.

Livn Bamallt: First edition surveyed 1887, published 18%91.
Becond edition revised 1899, published 1901.
Third edition revised 1912, published 1920,
Provisional edition revised 1949, published 19353,

There has been no 25 inch survey in either arsa,.
Held at the London School of Econpmics archive.

Held at King's College London, Beography Department., Sheet no., 552 (both
catchments),

Field data asccessed on copputer files and 1¢23,000 maps at University of
Birmingham, Geography Department.

Hational Trust, Llandudno, correspondence file YSB/ES/2.

See note 235,

The precise date of drainage is unknown. Milner and Jones (1983} suggest
it occurred betwsen 1939-1943. However, the dralns do not appear on

agrial ophotographs taken in 19456 f{(see npote 28). B. Crighton f{pers,
comm. ! suggests that the drains were ewcavated after 1945,
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fir Photograph Office, Welsh OFffice, CLardifé. 1:10,000, 279/3187,
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FRO (Kew), Llase MAF &8,
National Trust Llandudno, correspondence file 2344,

The Penrhyn Estate obteined the Ystbytty Estate, which included the
western sector of the Llyn Bamelli catchment, in the eid-1%9th century.

eg. seg Note 18.
See note 25.

Air Photograph Office, Welsh Office, Cardi$f. 1:10,000, 279/3301,
27973302, Z79/3303%, May 7th 1944,

See note 23,
ML¥, Penrhyn papers, 2935. See note 14.
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§854.
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