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1.0 Introduction

The acidification of surface waters is 4requently ascribed to the
impact of acidic precvipitation in areas of sensitive (base poor!
geology (eg. Overein et al, 1981, La Ierte and Dillon 1984, Battarbee
et al. 1985). However, other explanations have been forwarded that
centre upon thanges in land use and sanagement within lake catchments.

The Palaeoetology research Unit of the Geography  Department,
University College London, is investigating the history and causes of
acidification in ten lakes in amid and north Males (Fig. 1}, The major
thrust of this project irnvolves the utilisation of palaeoenvironeental
technigues ¢to reconstruct the historical water guality (particularly
pH} of these lakes and the history of atapspheric deposition of metals
and combustion products as recorded in the lake sediments (cf.
#nderson gt al. 1986, Jones gt 2], 1986, Fritz et al. 1987).

The work described in this paper represents & separate these within
the project: the use of documentary sources to exabine the
significance of land use/management changes in the lake catchments.

The timescale covered by this investigation is limsited by +the
availability of documentary material and breadly encompasses the last
200 years. Pzlaecenvironmental reconstruction of lake water pH in
Galloway, south-west Scotland {eg. Battarbee and Flower 1985,
Battarbee £f al. 1983} and prelisinary results from Wales (eg. Frit:
et al. 1984}, suggests that such a tisescale adequately covers the
peripd during which recent acidification has orrourred. )

The potential acidification mechanisms discussed in this paper are
frequently described separately or together as “land use’ hypotheses.
This paper deals with “land use’ and "land management' change and it
is important that these terms be clearly defined. ‘Land use’ is the
broad use to which the land is put and cetegoriee (following Parry and
Sinclair 198B53) may include rough grazing, improved farmland, or
forest. ‘Land management’ includes practices  which, if of low
intensity, may remain independent o¢ land uee, but 1§ intensively
practiced may represent a mechanism responsible for land use change
{eg. enclosure, draining, burning, or thanging stocking densities and
regimesl.

2.0 Study sites

The location of the tern study sites in Hales is indicated in Figure 1.
They lie between 280-330 8 on base poor 'sensitive’ geologies (UKAKRG
£19855. take and catchment specifications are given in Table I. All the
lakes lie in moorland areas. Eight of the catchsents cosprise ppen
moorland utilised for rough grazing, while two (Llynnaedd Berwyn and
Cwm #Hynach) have been afforested. The lake waters are acid, pH ranging
from 3.5 to 6.1 {Table 1{1. Fishery decline is well documented in
Liynnaedd Berwyn, Conwy, Gamallt and Hir. The fishery status of the
other lakes is less certain.

Sediment cores were taken from the lakes in spring and susmer of 1G85,
Palaepenvironmental analysis of these cores is coamplete for Llynnaedd



Hir {Fritz et al. 19841, Berwyn {¥reiser gt al. 19B&); GBynon
tSevenson gt al. 1987a) and Cwm Mynach (Kreiser et al. 1987) and is at
an advanced stage for Llynnaedd Dulyn, Eiddew Bach, Llagi and Y Bi,
Sediment material #rom Liynnaedd Conwy and Bamallt proved unsuitable
and these lakes will require re-coring.

Detailed descriptions of the lakes and their catchasents and their
reconstructed water quality and ateospheric deposition histories may
be found in the following Research Fapers of the Falaenecology
Research Unit. Llynneedd Conwy and Basallt (Patrick and Stevenson
19846}, Llyn Hir (Fritz et al. 1986, Llyn Berwyn (Kreiser et al. [986},
Llyn Gynon {(Stevenson et al. 19872}, Liyn Eiddew Bach (Fritz et al.
9871, Llyn ¥ Bi {(Patrick pt al. 1987a), Liyn Dulyn (Stevensen gt al.

1967b); Llyn Lwe Hynach (Kreiser et 2l. 1987), Llyn Llagi (Patrick et
al. 1987b}.

Results {Llynnaedd Berwyn, Hir, Bynon and Cwm Hynach) and preliminary
analyses (Llynnaedd Dulyn, Eiddew Bach, Llagi and Y Bi) from sediment
cores, suggest that the acidification of these lakes is a ‘recent’
phenomenon of the past ta.i00 years.

Table i Leke and tatchment characteristice

LAHE SLTITIDE  LAKE AREA  CATOEENT ARER  LAUE VOLLWE pH HERH DEPTH
in} thal (EXCLIDING LAE} %) 198400 1988 {s}
{ha} {range!
Berwyn 418 13.04 5.7 47658 LI5S 5.9 LA
Conwy 450 40.10 5. %0 M TA: LU B o L&h
Cua Bymach 285 3,09 1315 0,141 S0-4.4 5.3 .18
fulyn 52% 1.5 51,47 7,78 4354 5.0 1.9
Eiddew Bach 380 1.38 10.94 I AS4 49 L7
Easallt 455 13.00 .47 41,698 43 1,508
Bynon £ iy 284,15 333,835 3.3 2.i8
Hir 435 4.89 17.93 136,367 4551 412 2.7
Llagi s 5,48 162,16 BEIH LRE2 52 5.80
¥ B 445 2.7 §5.04 42,638 8553 49 1.3
* geril 198
* Pact liming of lake
¥ 1583-B4 eean

* Llyn Bamallt Bach only




‘ang over 200m

Fig. 1 Location of Study Lakes




3.0 "Land use hvpotheses”

I.! Kegeneration of ‘acidic’' species

Resenavist {1977, 1978, 1980, 198t, et al, !980! considered that ion
exchange reactions in raw humus layers and the uptake of cations by
plant growth are the most important factors in determining the acidity
of runnfd wmaters., The acidification of lakes in sputhern Norway was
attributed to the increased formation of acid humus resulting from the
enhanced biomass of acidic heathland (particularly Lallunal and forest
species, consequent upon & decline in the intensity of pastoral
agriculture in the region. DBocumentary evidence was produced to
illustrate the decline in agricultural activity that followed an era
in the eighteenth and mnineteenth centuries when increased faraing
activity had caused heathland and forest to be replaced with grassy
vegetation. Particular isportance was atitributed to the demise of
burning which oridised large parts of the hueus cover (Rosengvist
1981}, Streams flowing in areas of hurnt forest were shown to possess
higher pH and ceonductivity concentrations than streams flowing in
unburnt areas.

Rosengvist’'s hypothesis has found limited support as an explanation of
contemporary acidification f(eg. ¥Krug and Frink 1983); although
Pennington (19B4) invoked similar mechaniems to sxplain the long-term
acidification of upland soils in Cumbria,

Rosenqvist s hypothesis is open to criticies on several accounts.

Information relating to agricultural decline {eg. farm units, animal
numbers} was drawn from broad areas f(eg. counties) (Rosengvist 15978]
and did not relate to individual catchments. Although regional trends
in land uwtilisation provide informative background, the nature of lake
drainage syetems requires that information should be
catechpent-specific pr as tlese to it as possible, if any influence oo
water gquality is {0 be surmised. it Is a fundamental objective of the
work described in this paper o present information at or near the
catchment level.

Thorough  historical investigation in the areas of southera HNorway
sffected by lake acidification has revealed that scidification and
fish decline cannot be related to changes in land wtilisation {Walice
and Overrein 1977). Although changes have occurred in pastoral regiames
sinte the nineteenth century, these have woften involved an increase
rather than a decrease in animal pumbers {Drablos and Sevaldrud 980,
Orablos et al. 1980, Tigberlid 1%BOa,b}. Sisilarly Battarbee and
Flower (1983! and Battarbee ef al. {19B5) utilised pollen analysis and
information on sheep numbers to refute the argument that a demise in
upland faraming and an associated development of heathland vegetation
was responsible for lake acidification din Balloway in the last 200
yEears.

Some of the sechanises proposed by Rosengvist (1977, 1978, 198G, 1981
gt al. 1980} may not be the post stgnificant in promoting
acidification. The acidifying effects of coniferpus forest on soils ig
widely accepiesd {eg. Hihlgard 197], Grieve {978, Hessenger 198O},
However, the relative significance of processes such as  husus



arcumulation andfor  the gnhanced capture and transfer of acid
precipitation in relation to surface water aridificatisn, is
urncertain. Similar uncertainty surrounds the acidifving effects of
heathland species {Bilner and Jones 1985}, The work of Brubb st al.
(1969) and ©Grubb and Buter {1971} on the acidifving effects pf
Calluna, vrelated to chalk iend not acid soile or peatz. Contraollied,
ipw intensity burning is generally considered to saintain or raize the
pH af surface acid soils (eg. Allen 1944, IDAFE 1977). However,
uncontrolled, high idintensity burns say result in the destruction of
surface vegetation and initiate eresion, and enhanced surface runoff
feg. Gimminghas 1971, Tallis 1973, Kinako and GBisaingham 19801, The
significence of this phenoeenon on scid snils or pests in relation to
the aciditication of surfate walers is uncertain.

2.2 Afforestation

fcidification of surface waters has been recognised in several areas
where coniferous forest has been planted {as opposed to regenerated!
on sensitive geologies.

Harriman and Horrison {1980, !982Z) found that in central Scotland
aftorested sireams were always more acid and produced greater
concentrations  of HY, @I+, 80,2, HNa* and CI- than adjacent
unafforested moorland streams. Sisilar observations have been reported
trom central Wales (Stoner gt al. 1984, Stoner and Gee 19850 and
Galloway {Burns et al. [9B4}. Palaeececological studies of lakes with
affoprested catchments are alse beginping to discrisinate 2 clear
forest effect {Anderson et al. 1986, Kreiser gt al. 1984},

Although the iepact of afforestation on surface water acidity has been
demonstrated, the processes invoplved are poorly understpood {Harriman
and #ells 1984, Hornung 19B5). Potential sechanisams include humus
arcumulation, enhanced capture and {ranssicssion of ateospheric acids,
gevapotranspiration (the ‘concentration’ effect) and the enhanced
uptake of cations {(eg. HMayer and Ulrich 1974, Ropsengvist 1980, 19Bi,
Hilsson gt al. 1982, Miller and Miller 1983, Binne 1984, HWiller 19B83}.
Dther potential centributory factors associated with afforestation
include the preparation of ground by drainage and ploughing and the
consequent effect on runotf hydrology feg. Newson 1984, Hornung and
Hewson 1986}, net base cation removal through clearfelling (go.
Ropsenqvist 1980, WNilsson et al. 19821 and the decreased incidence of
fire and assnciateg ash deposition in sanaged as spposed to ‘natural’
forests teg. Rosengvist 19BL, Everett 19831,

3.3 PBrainage

Peat and organic spils dosinate the catcheents of the Helsh study
lakes. The seasonal reduction of sulphate followed by reoxidation
during 2 drawdown in the water table in dry weather, constitutes a
patural acidification process in peatlands {(Bache 1984, Borham et al.
1984, Hornung 1984}, Artificial drainage of such land ¢or agricultural
improvemsent or forestry, @8y eracerbate this process and produce
snhanced guantities of sulphate which is flushed put of the soil by
rainfall {Newson 1984, Stoner et al. 1984, Hornung and HNewson 984!,



A similer phenpmenon aay be significant in lakes sublect to seasonal
fluctuations in water level, notebly those utilised for water supply,
as enhanced redox reattions occur in peat shorelines that are
alternatively exposed then submerged (Milmer and Jones [9B3).

3.4 Liming

Recognising that extensive areas of grassland in the United Kingdon
were formerly limed for agricultural ieprovement, Oreerod and Edwards
{1983) suggested that the decline of this practice following changes
in, and the eventual withdrawal (1977} of the lime subsidy, may have
resulted in incressed surface water acidity as sopils were less
adequately buffered. # similar mechaniss was postulated by Crawshaw
{19B4) in releation to the Esk and Duddon catchments of west Cumbria.

It is unlihely that such s sechaniss sould be applicable to the HWelsh
study lakes. Hewbould (19B3) has shown that greast guantities of lime
are required to raise the pH of indigenous  hill grassland.
Consequently liming was unlikely to be norsal practice on  poorly
buffered upland and forested spile {Rowell and Wild 19B3).

The finest spatial resolution for which Oreerod and Edwards {1983)
presented data to 1llustrate the decline in lime use in Wales was for
tounties. SBuch statistics ran have little relevance to upland lake
catchaeents, particulariy if most lime was wutilised on lower, more
impravable land.

3.5 Mining

Increased acidity of surface waters may result from contamination with
waste residues associated with sineral exploitation {eg. Koryak et al.
1972, Clarke 1974, Brugum and Lusk 198&). Drainage from mines, pits
and wasie tips and effluent #from ore concentration processec are the
major sources of such cantamination. The rivers Rheidn] and Ystwyth in
mid-Wales, enperienced heavy metal pollution from such sources in the
ninetesnth century {Jones 1938, dJdonss and Howelis 1973},

4.0 Changing land use and manageament

4.1 The regional backoround and potential impact

The traditional pastoral econoey of the hills of sid and north Wales
was rtharacterised by the transhumance systee of hendre and hafod,
which in some areas persisted info the pineteenih century. In summer,
cattle and sheep were driven fros the lower grazing areas (including
enclosed rough “fridd’ land! surrounding the winter settlesent
{hendre), te the higher mountain land above the susser setilement
thafod! {Bowen {930, Davies 1973}.

fAlthough rough grazing land was dosinated by cattle and sheep, goats
and ponies also ranged the hills in significant numsbers f{eg. Evans
1812, Pennant 1812, Condry 1981}, There is considerable debate as to



the relative number o gattlersheep on the hills wup to the
mid-nineteenth century {eg. Roberts 1939, Emery 19465, Hughes et al.
£973), In areas which had been [istercian grange land the dominance of
sheep smay have dated to the twelth century leg. Roberts 1959, Hughes
et al. I973). Emery (1960} considered that sheep were probably the
dominant hill fars animel! in Snowdonia by the sixteenth century.

By the wearly nineteenth century the hatod -~ hendre system had
generally disappeared and the hafod had evolved into 2 separate upland
farm. Sheep now dominated hill grazing areas (Davies (935, Davies
1973, Eolyer 1983).

fnnual agricultural statistics reveal that sheep nusbers increased
rapidly between [B&7~1909, since when they have fluctuated in an
upward direction {(eg. Williaws 1932, Achby and Evans 1944}).

fissoriated with the increase in sheep numbers from the sid-nineteenth
tentury was & change in the type of sheep and the grazing regise.

Large wether sheep, utilised for wmuiton and wool had dominated flocks
until the mid-nineteenth century. However, as tastes changed towards
smaller and more succulent joints of meat, production of sheep for
lamb became increassingly prevalent, Consequently the proportion of
wethere fell rapidly with a roncomitant rise in ewes and lasbs, until
by the early twentieth century few weihers resained on Weich hillsides
{Harry 1939, Briffith 1945, Rpbertes 1959},

Many mountain farms that evolved from hatodydd had limited access to
winter grazing facilities. #Hany of the hardy wethers therefore
remained on the hill through the winter, while ewes and laabs were
sold or driven to winter pastures rented from lowland farms {(Kay 1794,
Rawlandson 1B46, Davies 1935, Colyer 1983). As hill fareing becane
lese profitable through the nineteenth and twentieth centuries and
population Ieft the lapd, sany high hill fares were subsumed by faras
on adjacent lower land. The increase in wintering facilities provided
by such mergers, together with the reguirement of the increasingly
dominant ewes and lambs to leave the hill in winter, resulied in 3
marked decline and in some areas a virtual cessation, o0f winter
grazing on the high hills through the twentieth century (Williass
1932, Hughes et al. 1973, Hughes gt al. 1973).

The characteristics of upland vegetation are contraolied by a
cosbination of biotic/land management, climatic and edaphic factors. A
change in one or more of these factors may result in a change in
vegetation type. The change {(upgrading! fros heath to grass species as
a2 result of increased biotic pressure and/or managesent inputs is well
documented, as is the reversion to heathiand species when change is in
the opposite direction {(eg. Boulet 1939, Harper 1971, King 1977, Rawes
1983, Grant et al. 1985}, However, reversion to heath tends to be a
more gradual process (Bail et al. 1982, Mather 1983).

The potential significance of general trends in animeal nusbers and
ratipos and grazing regises descibed above, on the vegetational
cosposition of rouegh grazing land, is uncertain. In terss of biotic
influence cattle and sheep generally complesent each other. Cattle,
less selective in their grazing, reeove the coarser, less palatable



speries unfavoured by sheep {eg. Boulet 1939, Hunter 1938, Hannop
1938, King 1977). The disappearance of cattle and to 2 lesser extent,
large wether sheep, fros the hille opened up the potential fer the
spread of heath species such as Lalluna, Pteridium, Hlex, and
Vaccinium (Davies 1936). However, it is probable that the decling in
diversity of grazing animals was asore thapn cospensated for by
increased numbers of ewes and lambs. Although the intensity of gracing
on the higher land in winter has undoubtedly declined, sheep are
maintained on the hille during the important period ef plant growth.

Subeidiary changes have otturred in aspects of the sanagement of hill
ftlocks during the past two centuries.

The agricultural "hoos’ during the Napopleonic wars saw an era of
enclosure of cosmon and waste land im Wales (Bowen 1914, Dodd 1924,1).
Enclosure of sasoorland at the altitude characteristic of the Helsh
study iakes generally represented & land grab by landlords rather than
a seripus attempt at iamprovemesnt {Morgan 193%, Thomas 19635). However,
by fencing out neighboring flocks it is possible that enclosed rough
grazing land wss better sanaged than the unenclosed comeons and
sheepwalks which had & history of over-stocking {(Kay 1794, Royal
Eommission 1B94, Dodd 1968, Lolyer 1983).

In more recent years reduced manpower and isproved lowland farilities
have diminished shepherding operations such as mountain hay making and
sheep washing in upland lates and streams. Increased constraints on
management practices such as burning and draining have resulted from
the designation of HNNRs and §85Is and Hatienal Trust influence.
Burning in particular has often been curtailed by the prorimity of
coniferous afforestatien.

#t a pnational and regional! level the wmarked increase of afforested
land {generally at the expense of moorland rough grazing! has been a
feature of the post 1945 period (Mather 1978, Parry gt al 1982, Parry
and Sinclair (983}, Two of the study lakes {(Llynnaedd Berwyn and Cum
Mynach) have afforested catchaents. Although aéforestation removes the
grazing influence from specific areas, 2 complimentary effect may be
to increase stocking densifies on resaining unafforested moorland,

The general trends outlined above provide no evidence for an
acidification methaniss that can have operated with ubiguity at all
the Welsh study sites. However, a reliable assessment reguires the
documentation of land use/managenent histories for specific
catchments. The sources utilised in such documentation are putlined
below. :



5.0 Spurces

.1 Estate plans and records

The earliest records uvtilised in this study comprised estate plans and
papers dating fros the iate eighteenth century. Most study sites lie
on land that was formerly held by large estates (Table 2). Without
exception study sites were located at the periphery of estates.
Consequently amap/plan coverapge is sparse and octasionally inaccurate,
ficcounts and papers rarely refer to rough land away fros the demesne
and tenant farms. In part this reflects the low intensity of land use
and lack of management that occurred in those areas,

Table 2 Study catchments: parishes and estates

LAKE PGRIGH ESTATE
Berwyn Caron-is-Clawndd
Llanddewi Brefi
Conuy Penmachno Penrhyn
Cwm Mynach Lianaber
lLlanelltyd
Dulyn Llanddwywe-is~y~-graig Loreygedol
Eiddew Bach Llanddecwyn Maes y Neuadd
Gamallt Ffestiniog Penrhyn
Bynon Earon-gwch~L]l awdd Crosswood
Nanteos
Hir Caron~uwch-Clawdd Crosswond
Upper Bunnuws Hantepse
Liagi Beddgelert
¥ Bi Liandduvup-uwch-y-Braig Dolmelynliyn
Lianelltyd

5.2 Tithe survey documents

The large scale parish seps and associated schedules compiled during
the process of fithe cosmutation in the 1B30s-18%0s, should provide
information on the state of cultivation of land within study catcheents
{kain and Prince 19B3!. in practice the availability, specificity and
accuracy ot this informsation varies between parishes as does the
terminology utilised to describe land use {(Thomas 1965, Kain and Prince
i98%). Additional inforeation on fareing practice in parishes is
prcasionaily recorded in the associated tithe files.

.2 Ordnence Survey maps

Surveyors drawings at a scale of 1:1286,720 drawn between 18i9-1921 do
not provide the detailed and comprehensive picture of the landscape, at
least in the study catchments, that YThoeas (19430 has claimed. The
first gdition [:10,3460 maps of 1888-i189f are the first series to
provide broad land use inforpation for the study areass. Owing to the



repote and wmountainous nature of the study areas they were generally
not surveyed at 1:2,300.

5.4 Land utilisation and vegetation survevs

Manusecript survey @aps of the First Land Utilisation Survey opf the
1930 were accessed at the London School of Economics archive. Despite
the large scale of these maps {1:10,560) they provide only the most
general classification of land use in remote areas. Published county
reports of the survey for Herionethshire {Hplliday 1940}, Cardiganshire
{Howell 1946al and north Wales (Howell 1944b) provide lbcal, but no
catchreent specific inforsation.

The manuscript survey maps of the Secend Land Utilisation Burvey werg
accessed at the Geography Departasent, King's College London. These
maps, at a scale of 1:10,56C, were compiled ca.!970 and map vegetation
by species at a level of spatial resclution which persits catchaent
vegetation maps to be compiled.

The survey of Welsh grasslands ({(Davies 1934) was at toe small a scale
to permit catchment-specific observations. Stapledon’s 1913 ecclogical
map of north Cardiganshire at 1:10,560 (Davies 1934) doee not include
catchment areas of this study.

= e

5.0 BAir photpgraphs

The Air Photograph department of the Helsh 0Office, Cardiff hold tuo
series of aerial surveys flown by the RAF {(1944-1948 and 19462} at a
scaie of approximately 1:10,000,

Burning patterns, enclosures and extant or relict cultivation and
drainage features may be discerned +rom this source. In association
with the 1970 land utilisation maps and contemporary field surveys
these photographs permsit changes in vegetation to be plotted within
ratchaents between ca. 19456-1984.

5.6 Lorroborative sources

Two surveys, one of northern Snowdoniaz (B87-1975 (Parry gt al. 1982},
the other of the mid-Wales uplands 1948-1983 (Parry and Sinclair 1985},
have utilised spurtes corresponding to sany eaployed in this study, fo
map land use change in areas which include several of the study
catchments {Liynnaedd CLonwy, bamallt, Llagi ~ Parry et al. 1982,
iLlynnaedd Berwyn, Gynon, Hir - Parry and Sinclair 1985). The field data
from these surveys was recorded at & scale which silows changes within
catchments to be identified.

10



9.7 fAnnual parish agrirultural returns

fis the historical record often provides no direct evidence of
vegetation changes that result from variastions in livestorck nuebers and
management practices, change must be inferred from a knowledge of
fluctuations in livestopck nusbers (Ball gt al. 1982)., In this respect a
potentially important source was the annual agricultural census.

The finest spatial resplution at which inforasation froa the census is
available 1is the parish {(Table 2). Instigated in (B&7, the census
provides data on  anisal nuebers and grazing areas. For the purpose of
this study returns held at the PRI (Kew) were analysed at quinquennial
intervals. The utilisation and interpretation of parish returns is
subjiect to several constraints.

bata relate to land holdings that lie primarily within one parish.
foggregations of holdings may not therefore coincide precisely with the
actual parish boundary. This feature may alter if fares vary their
boundaries or change hands ({Parry and Sinclair 1985). HMany Helsh
parishes are relatively large and may encompass areas of hill and lower
iand. Information on sheep numbers may not therefore relate entirely to
upland grazing areas. However, as the returns are made in June it is
probable that the great majority of sheep would be on the hills and not
on winter pastures (Williams 1%932). Information relates to holdings in
single occupancy and excludes common land. Consequently the area of
rough grazing within a parish is wunderestimated (Parry and Sinclair
{19851, YThe definition of ‘rough grazing’ may in itself be a spurce of
error {Dlavies 1936).

The categories for which data are presented in the returns have not
remained concictent since iB467. However, the data can be retorded with
a weinimum 0f incospatability so that between 1BA7-1890 statistics can
be collated concerning “total sheep’, "sheep under one year’ and ’‘sheep
sver one year ', and between 1895-1983 - "total sheep’, 'breeding ewes’,
‘sheep under one year’ , 'sheep over one vyear’ and ‘area of rough
grazing .

fAlthough the parish returns represent the statistical sowrce that is
potentially most applivable to specific catchment aress, it was
apparent that in spae areas the trends suggested by the returns were
not mirrored in individual catcheents. Parish data should therefore be
viewed as indicative of loral trends, at a spatial level below the
regional picture discussed above, but above that of individual
ratchaents.

5.8 Hisrellaneous sources

Literary evidence was drawn fros tuwp esajor sources. The " Bopard of
figriculture reports of Kay (17941, Lloyd and Turnor (1794} and Davies
{iB13, '1815) and the ‘topographies’ ©of independent travellers I(see
Thomas 1963}, Both provided information which relates prisarily to
regional and local agricultural trends.

Forestry Lommission records, particularly planting maps, were utilised
to determine the plantation and managesent histories of the two

il



afforested catchments - Liynnaedd Berwyn and Cwm Hynach.
Some lakes include enclosed land within their catcheents. However, in

no instance were the relevant enclosure documents and maps extant
{Bowen 1914, HMorgan 1959).

5.9 Personal cospunications

The majority of sources described above either provided inforaeation
relating to land use rather than iand management, or as with the parish
returns, ceaprised details on land sanagement at a level above that of
the individual catchasent.

In worder to obtain catchaent-specific details of land weanagement
change, farmers, anglerc and other authorities with an interest in, or
specific knowledge of individual ratchaents, were interviewed. Caution
must be exercised in the interpretation of such personally communicated
information. In general, where two or more independent accpunts were in
bropad accord, their content wae arccepted. In many cases suth sources
were the major component of evidence for land management changes.

6.0 Land use and management changes in specific catchments

A detailed acrcount pf land wuse and eanagesent change ip individual
tatchments may be found in the series pf papers specified in Section
2.0. An  abbreviated account of catcheent changes is presented below
{Section 6.1 together with a summary by lapd use and individual
management practice (Sectieons 4.2, 6.3).

4.1 Individual lake ratchments

6.1.1 Livn Berwyn

With the exception of smzll asreas of amolinia dominated rough gracing to
the north-east and south, the catchesent 5 planted with Sitca spruce
(Pires sitchensisi, Lodgepole pine {Pinus conterta’ and Japanese larch
(Larix kaempferi} (Fig. Z1. N

The catcheent was afforested betwsen 1960-1943. Befores that date
documentary sources indicate that the catchsent comprised rough grazing
iand of the ‘soorland core’. There is no evidence frome air photographs
or on the ground (of relict enclosures, drainage or cultivation
features! to suggest that any improvement was ever attespied.

At an altitude of over 400 & and comprising wet and exposed land, it is
unlikely that the Liyn Berwyn catchaent ever supported a significant
livestock population. Although & few cattle were grazed on the hills in
the locality in sumser up to ca.1930, the grazing history: of the
ratchment was dominated by sheep.

Some areas of Holinia were cul for hay which until recently represented
the only winter fodder in the region. Other areas were frequently burnt
to provide an early bite {for the sheep. Burning ang hay saking ceased
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with afforestation.

Parish returns for CLarpn~is-Clawdd (Fig. 12} indicate that there was a
gradual rise in sheep numbere in  the area up to the plantation of the
caetchment in 1940. From that period sheep numbers rose rapidly but the
potential significance of that trend is limited to & seall proportion
pf the catcheent.

The forest planted in the early 1960s is still eaturing a&and no
deforestation has taken place. Planting was conducted down to the lake
edge. Prior to planting the site was ploughed/drained and fertilised,

By the early 1970s the shallow drains and {urrows that had provided
rooting and drainage for the yeoung treec were proving inadequate for
the needs of waturing trees. Consequently ca.i974 depp drains,
approzimately 20 & apart were driven through the entire forested area.

&.1.2 Llyn Conwy

The catchment of Llyn Conwy coaprises unisproved, unenclosed amporlang
utilised for rough grazing and game shooting. The blanket peat of the
catchment is dominated by mature Callunms (Fig. 3).

The FPenrhyn Estate managed most of the Llyn Conwy catchment through
much af the nineteenth and early twentieth centuries. The estate waz at
the forefront of agricultural improvement in Wales, but there 1is no
evidence to suggest that the rempte land arocund Llyn Conwy was
considered suitable for improvement.

Hhile the Penrhyn Estate majintained an interest in the Llyn Conwy
catchment particularly from the aid-nineteenth -~ wsid-twentieth
centuries, sheep grazing was secondary to the exploitation of gase.

For a period from the aid-1930s -~ mid-1960s when the active control of
the Penrhyn Estate had diminished and land in the Llyn Conwy catchment
was being transferred to the Natiomal Trust in lieu of death duties,
continued burning of LCalluna for grouse encouraged tenant farmers to
increase sheep numbers on  the catcheent. However, although in (9468 the
Trust decided to encourage sheep at the expense pf grouse an the
catchment, an assoriated ‘ban” on burning proved 2 disincentive to
increase sheep nusbers.

The Liyn Conwy catchment was part of an ares highly prized as a game
moor by the Ystbytty (Fenrhynl Estate and actively managed fprimarily
for grouse) by gasekeepers of the estate {(and later the "Ystbytty
Shoot ") until ca.1970. The peat of the eastern slopes of the catchsent

was drained during the 1920s in an attespt to provide healthier Calluna

stands for grouse. The draine were perigodically serviced until ca.l1970.
The catchment was regularly burnt in strips or small patches to yield
Calluna stande of varying maturity providing both nutrition and shelter
for grouse. Air photographs taken in 1944 show a2 mosaic of burnt
vegetation throughout the catcheent. Burning effectively ceased in the
catchaent ca. 1970 as a result of Wational Trust policy, the designation
pf the area as part of the Higneint 8881 (1971} and the provimity of
maturing forest some 1.3 ke tp the north-east and 1 ke to the
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north-west.
Liyn Conwy was ‘reservoired’ in the late 1930s for potable water

supply, the outflow being controlled by & weir structure. The lake is
thus subject tp periodic fluctuations in water level,.

6.1.3 Llyn Cwm Mynach

Spme SHY of the catchsent is affprested with Japanese larch {(Larin
leptolepis), Lodgepple pine (Pipus contortal and Sitcas spruce (Picea

sitchensis) (Fig. 4). Afforestation topk place between ca.l967-1977.
The forest is still maturing. Apart from some thimning there has been
no defprestation. The non-afforested part of the catcheent consists
ot unimproved, unentiosed soorland, utilised for rough grazing. There
is no evidence to indicate that any attespt was ever sade to improve
land within the catchaent.

The Diphwys manganese mines extended into the catcheent high on the
sputh-western $flank. Mining operations were small scaele and confined to
the nineteenth century. A small slate guarry was ppened within the Liyn
Cwam Hynach catchment in the late nineteenth century, but was
unprofitable and pperated for only 2 short period.

Although the relics of mining and quarrving are still apparent in the
catchaent, the practical effect of these operations on surfacte waters
in the ares is unknown. In particular, it is not apparent how spoil and
tailings were disposed of. It has been suggested that such material was
utilised to resurface the track at the west of the lake,

1t is possible that the catcheent has a Iong history of sheep grazing.
The Cistercian monastery of Cymer Abbey was only tive km distant. The
Cistercians were renpwnsd graziers, but it is not Enown with any
certainty whether the Llvpn Cwm  HMynach catchment fell within Listercian
grangeland.

Parish data indicate that sheesp onumbers +fluctuated in the locality
between [1847-1983, but the broad trend has been for a slight decrease
in recent vyears. This is confirmed within the catcheent by local
tarmers who note that the now afforesied areas represented much péf  the
better grazing land. -

Before affoprestation the catechment was regularly burnt. Howevsr, all
burning ceased with the first plantation of forest in [9567. Together
with a decrease in sheep on the unafforested part of the catchment, the
demise pf burning has resulted in many areas of Lallunas becoming mature
and leggy.

The afforested area is privetely owned and was planted by the Economic
Forestry Broup. Planting was conducted down to the lake edge. The drier
arpas were planted, without 4irst draining or ploughing, with Japanese
larch and Lodgepole pine. Sitca spruce was planted on ploughed furrows
augrented in some aress with additipnal drainage.

The moorland to the north of Llyn Cws Mynach was actively managed for
game {primarily grouse! t{through the nineteenth and early {wentieth
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centuries. Gamekeepers ceased to patrol the moors in the area in the
§1920s, sinte when grouse numbers have substantially deciined.

4.1.4 Liyn Bulyn

The Llyn Dulyn catcheent consists of unisproved soorland utilised for
rough grezing. In terms of its vegetational compositien it contains
species representative of both ‘grassy’ and “shrubby heath® {(Fig. 3.

The catchment lies within an extensive hlock of soorland in excess of
700 ha, that is "enclosed’ by dry stone walls., It is probable that this
‘enclosure’ was accomplished between [BO0-1813. Enclosure at this
altitude probably represented a ‘land grab’ by the lIocal estate
{Corsygedol}l and not an atteapt to actively improve the rough moorland
grazing. It appears that the walls acted as sheepwalk boundaries, the
enclosure being too extensive to have encouraged intensified grazing in
the ares. Indeed, it is possible that grazing was less intensive after
the “enclosure’ as stray beastis/flocks from neighboring sheepuwaliz were
now fenced off the enclosed land.

The altitude, swpil apidity, exposure, wetness and steep margins
determing that the catchment is inherently unimprovable. There is no
evidence to suggest that the catchment has ever supported a land use
other than rough mooriand grazing.

Particulers of the Dulyn ares included in a sale brothure of the
forsygedol Estate in 1908 describe the land surrounding the lake as
‘sheepwallk - well supplied with water’, considered ‘one of the best
sheepwalks in the district’. The suggestion being that the land was
neither under nor over-grazed.

Farich dates indicate that sheep numbers have risen in the locality
between {B&7-198B3 (Fig. 21, Within the Llyn Dulyn catcheent & broad
increase in sheep numbers has been retognised since ca.1930.

Little is known of the history of buraing in the catchaent. The present
grazier suggests that ne burning has occurred in living semory, but
aerial photographs taken in 1946 indicate patterns that amay represent
evidence of burning. A later survey in 1967 shows no such evidence.

&.1.5 Liyn Fiddew Bath

The Liyn Eiddew Bach tatchment ({(Fig. 6} consists of unimproved ‘graasy
heath’ moorland utilised for rough grazing. The altitude, soil acidity,
wetness of the land ismsdiately to the nerth pf the lake and the rocky
terrain to the east (the greater oproportion of the catchaent),
determine that the catcheent is inherently uniaprovable. There I8 no
evidence to suggest that the catchaent has ever supported a land use
sthar than rough sooriand grazing. '

Although parish data indicate that sheep numbers increased in the
lovality in the period 1B&7-1983, within the Liyn Eiddew Bach catchment
a broad decreas# in sheep numbers has been recognised since ca.l1930
{Fig. 12). An sxasple is thus epparent whereby parish data prove
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nisleading in the context of a saall catchment {(cf. Section 5.71.

Until the 19705 sheep were washed in the lake prior tp shearing. & now
derelict sheep pen on the southern shore of the lake was the focus of
that activity. Ancther derelict sheep pen at the western edge of the
catchment provides further evidence of a higher intensity of sheep
grazing in the past. Contemporary farsers can recail no burring in the
catchment since the 1%50c.

b.1.6 Liyn Gamallt

Hature [alluna and Festuca donsinate the Liyn Bemeallt catcheent (Fig.
7t. The unimproved, partially enclosed moorland is wutilised for rough
grazing and game shooting.

The western side of the catchament is broadly enclosed with stone walls,
this ‘enclosure’, set within unenclosed moorland, is of some antigquity,
dating from before 1784. 4lthough enclosure allows stock nusbers to be
controlled within a defired area and may thus be utilised as a means
towards land isprovemert, there is no evidence to suggest that
‘enclosed’ land in the ratcheent was managed so intensively as to
upgrade the moorland vegetation,

Enclosed “¢#fridd’ land immediately below the open weoorland often
provided grazing fpr sheep in winter and cattlie in summer. The enclosed
area to the west of Llyn Bzeallt is kpown locally as ‘Féridd Bamallt’.
Surrounded by open moorland, it ie doubtful whether this area
functioned as true ffridd land. At an altitude in excess of &G0 m, it
i5 unlikely that a suitable habitat was available for cattle in summer,
or that it provided any great advantage over the open aoorland for
sheep in winter,

Sheep grazing on the Llyn Geamallt catchment is effectively confined to
the north-western - sputh-eastern sector. The northern and eastern
sigpes being too rocky and precipitous. Local farmers report little
change in sheep numbers on the catchment since the 1930s.

fn area immediately to the west of Livn Basmallt Fawr wacs drained in the
1940s to reduce the saturation of the peat and encourage healthier
stands of Calluna for grazing sheep, The drains were deep and narrou
and although they have not been wsaintained they coamprise an active
network of drainage to the lake.

The catcheent was regularly burnt in broad patches by tenant farmers
until the late 1%60s. ferial photographs taken in 1946 clearly indicate
mosaics of vegetation of different ages. National Trust policy to
turtail moorland burning has resulted in the western sector of the
catchment resaining unburnt for 153 vyears. The resainder of the
tatcheent is now only infrequently burnt. The long and woody nature of
the Ealluna that dosinates the catchment may be attributed to the lack
of burning antd concomitant low grazing pressure. !
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6.1.7 Liyp Bynon

The Llyn Bynon catcheent comprises wunenclosed, wunimproved wmoorland
utilised for rough graring. The vegetation is dominated by Holinia and
Festuca/Wardus grassiand with Eripphorus wvaginstus characterising the
wetter areas (Fig. 8]).

During investigations in the peat deposits at the north shore of the
lake, Moore ({1966} identified the repains of 2 stone slab trackway
leading fros what he interpreted as a 'medieaval farshouse’ to a "butter
cooler” {constructed not earlier than the twelth centuryl. The broad
chronpology of these features coincides with the parly exploitation nof the
arga as grazing land by the Cistercians of Strata Florida from the late
twelth century (Williams 1889).

1f the function of these resains has been correctly interpreted and some
permanent or zemi-permanent habitation was maintained in the catchaent
during the weedieaval period, then a limited improvement of the soorland
from enhanced grazing pressure on land in the imsediate vicinity of the
‘dwelling’; perhaps regulated by enclosurefs).

The frontiers of cultivation and improved pasture reached their upper
limit in CECardiganshire during the agricultural boosm of the Napoleonic
wars., However, there is no evidence to suggest that the catchaent has
ever supported a land use ather than rough soorland grazing.

The central issue of land management in the catchment concerns ite
utilisation for sheep grazing. This practice detes to at least the late
tuelith century when the Cistercians of Strata Florida acquired the ares
and used it as rangeland for their flocks.

Parish data indicate no overall irend towarde an increase pr decrease of
sheep numbers in the area $rom the late nineteenth century {Fig. 127,
Within the Llyn bynon catchment a broad tncrease in sheep numbers has
been recognized since ca. 1945,

Burning of grassland was & regular practice in the catcheent until the
{9505, Burning patterns may be faintly distinguished 4$rom aerial
photopgraphs  flown In 1948, The prowisity of the extensive Towy forest to
the south has made grassliand fires an inappropriate and rarely sanctioned
method of land sanagesment in the ares since the early §940s.

Bhile the fare of "Gareg Lwyd'  was octupied areas of Molinia in the
catchaent were ocrasionally cut for hay to provide winter fodder.

In the ninetesnth century turbaries were established on the peats at the
west of the Llyn Bynon catcheent. These peat cuttings are depicted on 3
map of ‘Bareg Lwyd ™ of 1831 and were wutilised by the tenants of that
farm. Evidence of their existence say still be observed.

4.0.8 Livyn Hir

The Liyn Hir catchesnt consists of unisproved, unenclosed wmoorland
dominated by Hardus and Festura (Fig. 9F and utilised for rough grazing.
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The central issue of land menageaent in the catcheent concerns its
ptilisation for sheep grazing. This practice dates to at least the late
twelth century when the CListercians of Gtrata Floride acquired the arez
antd used it ag rangeland for their flocks,

The management of part of the ﬂiyn Hir catcheent by the Crosswood Estate,
and the provimity of 2z sajor droving route ensured that the catchment was
regularly grazed throughout the nineteenth century.

Parish data suggest that sheep nuabers have increased in the area since
the late nineteenth century (Fig. 12}, Hore recently a broad intrease in
sheep nusbers has been recvognised by local farmers. Estimatez of the
extent of this increase vary between two-told since £a.i1930 to three-fold
since ca. 945,

Management of grassland by burning has net been a regular feature in the
catchment within living memory. Air photographe {lown in 1946 and 1947
thow no evidence of burnt patches. The proximity of the extensive Towy
forest to the south has made grasgstand fires an inappropriate and rarely
sanctioned method of land management in the ares since the early 19&0:.

6.1.9 tlyn Liagi

The Llyn Llagi catchment comprises uniwmproved moorland characterised by
Festuca and Hardus on the drier land and Erigphorum vaginatum on the
wetter areas, utilised for rough grazing (Fig. 10}.

Land immediately adjacent to the lake and below the steep tws wall is
‘enclosed’ with rough dry stone walls., The date of this enclosure 1s
unkaown but the notation ‘Ffridd v Llyn’ on Ordnance Survey maps and the
zheence of enclosure fects relating to this locality, suggests that the
enclosurels] mav have been established before ihe more expansive asoorland
enclosures of the sarly nineteenth century.

Hithin the ‘enclosed’ area two or three shallow drains run downslope for
a short distance from the lake. The date of this ‘drainage’ i& unknown.
finly a few metres of ‘drain’ actuslly lie within the catcheent.

Although ‘enclosure’ and ‘drainage’ may have represented an attespt to
improve the grazing guality of the land and have inevitably affected its
management), there is no evidence that the small sectien of the catchaent
involved, euperienced a thange ip land use as a result,

Llyn Liagi lies in the vicinity of the major Cropesor guarrying and and
mining region. The resains of at least two small ‘excavations’ «can be
seen on the northern slope o©f the caicheent. However, there is no
evidence from documentary sources to suggest that any mineral was ever
actively exploited within the lake catchaent.

Until the aid nineteenth century black cattle were an important cosponent
ui the pasteral econosy of north Wales. Cattle were grazed on  and
pccasipnally above ¢fridd land in summer, but at over 350 & the ffridd
within the LLapi catcheent was probably too high for that ectivity. The
central issues of pastoral managesent in the catchment concern its
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utilisation for sheep grazing.

Sheep numbers in the parish of Beddgelert have fluctuated between
[B67~1983 but the overall trend in the parish has been for numbers to
rise, particularly at the beginning and end of this period (Fig. 12},
Similarly, within the GLlyn Llagl catcheent a breoad increase in sheep
nugbers has been recognised in recent years.

The catchment has been infreguently burnt, with the ‘enclosed’ area
adjarent to the lake being burnt gore ofien than the upper catcheent. Hay
saking a2nd sheep washing were pccurred in the lower part of the catcheent
in the past.

The ditferent intensity of land smanagesent between the uwpper and lower
catchmentse is a theme that rune through the land management of the
catchment. The lower catchment has been ‘enclgsed’, partly ‘drained’, cut
tor hay and more regularly burnt., It is probable that graring intensities
were land are} higher than on the exposed upper catchaent.

b.1.10 Llyn Y Bi

The Liyn y Bi catchment consists of unimproved but enclosed soorland
utilised for rough grazing. In terms of its vegetational composition it
may be categorised as ‘shrubby theath’ and is dominated by Ealluna and
Vercinium (Fig. 11},

The Llyn y Bi catchment comprises the wmopst northern of four adjacent
blocks of land enclosed by dry stone walls. Encloszure probably dates from
the early ninsteenth century, and at 400 m» was unlikely to have
represented an  attempt to actively improve the land. Aside fram  the
altitude, soil acidity and wetness opf the catcheent, the rocky terrain
and particularly the precipitous back wall are inherently uniamprovable.
There is no evidence to suggest that the catchment has ever supported 3
land uee other than rough soorland grazing.

Parish data indicate that sheep numbers in the area have declined through
the twentieth century {(Fig., 12}, Huch of the catchment is unsuited for
shepp grazing. Hntil the National Trust purchased the area in r2.1930 it
was managed prisarily for grouse rather than sheep.. The long, rangy
Lalliuna of the catchment is dndicative of low intensity managesment and
grazing pressure. 7This is particularly aspperent when compared with the
two enclosures imeediately to the south of the catcheent where the
continued saintenance of a  higher sheep poepulation and wsmore regular
burning has resulted in vegetation dominated by short Calluns and grassy
speCiss.

#hen managed priearily for grouse {sid-nineteenth century - ©a.i930} the
catchment was reguiariy hurnt in ssmall patches. Bince that date the
freguency and extent of burning declined. Aerial photographs show no
gvidence of ‘recent’  burning in the calchment in 1946 and 1947. A
copbination of Kational Trust policy, the proxisity of the Rhinog
Wational Nature Reserve immediately to the north and extensive tracts of
forest 2 ke te the south-east and 3 ks to the gast, determine that the
catchment is now burnt very infreguently.
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Fig. 2 Liyn Berwyn: Catchment Vegetation
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Fig. 3 Liyn Conwy: Catchment Vegetstion
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Fig. 4 Llyn Cwm Mynach: Catchment Vegetation
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Fig. 5 Liyn Dulyn: Catchment Vegetation
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Fig. 7 Liyn Gamallt: Catchment Vegetation
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Fig. 8 Llyn Gynon: Catchment Vegetation
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&.2 Land use: summary

Llyn Cum Mynach is the only catchesent where comsmercial extraction of
minerals f{managanese and slatel has occurred, albeit for a short period
{primarily in the nineteenth century) and at a low level of explpitation.

The Llyn Berwyn and Llyn Cunm fynach catchments that previously comprised
unimproved eppriand have been afforested. The Llyn Berwyn catcheent was
planted with BSitca spruce {Picea sitchensicj, Lodgepole pine (Pinus
goptortal and Japanese larch (Lariz kaespferi) between 1940-1943. The
Llyn Cwm Wynach <catcheent was planted with the same species between ca.
19671975,

411 other catchments {including Llynnaedd Berwyn and Cwe Hynach prior to
aftorestation! comprise unimproved rough grazing of the aoorland core,
for which there is no evidence of any land use change in the past rca.200
years., In teras of the ADAS land capability classification the catchments
consist of land of categories H3 ~ isprovesments generally severely
iimited’ and H4 - ‘generally not imsprovable’ (HAFF (9B0)}. The vegetation
pf the catchments of Llynnaedd Conwy, Gamallt and Y Bi say be cetegoriced
as ‘shrubby heath’ and those of Llynnaedd Dulyn, Eiddew Bach, G&ynon and
Hir, ac ’'grassy heath’ (King 1977, Ball et al. 1982}).

In general, altitude, exposure, remnctenesss, wetness and spil acidity
have  determined that land in the catchsents is wunsuitable for
improvement and therefore that no reversion from an improved status and
associated regeneration of acidic species has orcurred.

6.3 Land management: summary

in the absence of land use <change it is possible that changes in
management procedures @may have affected the relative abundance and
gevelopment of vegetation type and individual species, or have given risze
to & potential acidification mechanism in their own right.

4.3.1 Sheep numbers and grazing regimes

Cattle, goats and ponies have not constituled a significant cosponent in
the grazing regiases of the catcheents in the last 150 years.

fit a local level parish data reveal that although sheep nusbers have
fluctuated since 1867, an {often substantial} intrease has ocoured
particularly ca.194% (Fig. 12). The parish data zlso reveal the
increasing importance of ewes and laesbs at the expense of wether sheep
aver the past century.

However, it was apparent froe individua! coesunicants that an increase in
sheep numbers has not been recognised in all catcheents in the past ca.
20-40 years. In the catchments of Llynnaedd Conmy, Eiddew Bach and ¥ Bi a
decline in sheep nuebers has bheen observed. In the catcheents of
Lliynnaedd Dulyn and Bamallt no sigrificant change has bheen recognised.
Eheep grazing in the Llyn Berwyn catcheent virtually ceased and in the
Liyn Cun Hynach tatchaent, decreased substantially, following
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atforestation.

In 2ll catchments communicants recognised & decrease in  the number of
sheep on the hills in winter.

6.3.2 Enclpsure

The Liynnaedd Dulyn and Y Bi catcheents comprise enclosed =oorland.
Frecise details are uncertaip but it is believed that enclosure occurred
in the early nineteenth century.

Land within the Llynnasedd Basallt and Llagi catcheents is partially
enclosed. The description "ffridd’ that is atiributed to these areas fronm
cartographic spurces suggests that enclosure pre-dated the nineteenth
century. However, i1t is considered unlibely that these areas functioned
as true $fridd land owing to their altitude and resoteness.

£.3.3 Drainage

Artificial drainage of peat has octcurred in just two catchments. Around
Llyn Conwy ah erntensive ares was (rained during the 1920s in an attenmpt
to provide healthier stands of Calluna for greouse. An area to the west of
Liyn Gamalit Fawr was drained during the 1940s, this time to improve the
Calluna for sheep grazing.

6.3.4 EBurning

With the exception of Llynnaedd Eiddew Bach and Hir, burning of Calluna

or Hplinie constituted a mansgement practice of varying regularity and
gxtent in the past. The practice was generally to imsprove sheep grazing,
but in the Llynnaedd Conwy and Y Bi catchments it was for grouse.

Since ca.i1960 a virtual cessation of burning has occurred in all
catehments owing to either afforestation, prosimity eof forest or HOC or
National Trust management policy.

£,.3.% Liming

There is no evidence for, nor rational expectation of the applitation of
time to land in any of the study catcheents. All catchsents are rempte
from sources of lime which in the nineteenth century, when brought fros a
distance over poor roads, was an expensive cosmodity {eg. Davies 1(Bi3,
1815). Contemporary fareers and authorities confireed that liming was npt
a realistic managesent option owing to the inherent unisprovability of
the catchments.

£.3.4 Lake level rhange

Liyn Conwy was reservoired for potable water supply in the late 1930s and
is subjeci to water level fluctuation as a result of periodic dramdown,
particularly in sunmer.
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The only other study site where a documented manipulation of lake water
level has occurred is Liyn Cwe Mynach. Aerial photographs of 19446
indicate a welr strutture at the outflow. The lake level was raised in
the mid-19460s priocr to afforestation.

7.0 Discussion: the Significance of Land Use and Manogement Lhanges

A full analysis of the significance of land use and management change in
relation to lake acidification is preciuded at present, as diatom bhased
pH reconstruction has yet to be completed for all study sites.

it is ismediately apparent that no one eechanise of land use or
management change can account for the acidification of the 10 Welsh study
lakes.

Hith the exception of the afferestation of the Llyn Berwyn and Liyn Lunm
Mynach catchsents, there has been no net land use change. The
exploitation of managanese and slate in the Livn Cwae Mynach catchment was
& small srcale and short lived feature of the nineteenth century.

pH reconstruction {Fig. 13) suggests that the recent acidification of
Liyn Berwyn was enhanced by afforestation and possikly by the deep
drainage ot the catchaent in 1974 ({Ereiser gt al. 19B&}. At Llyn Cus
Mynach a slight acidification has pecurred from 2 mean gH of b.1 proir to
1920 to & smean pH of 5.6 - 5.7 at the surface of the core (Fig. 14},
There 1is no indication that this aridifitetion was accelerated by
afforestetion in the catcheent in the 19405,

All catchaments have experienced thanges in management practices, but of 3
varyiag nature, extent and histerical eccurrence.

The regional and local trends toward the replacement of wether flocks by
ewes and lambe ¢rom the mid-nineteenth century and the decline in winter
stocking densities, were reatised in all catchaments, However, in the post
war period seme catcheents have ewperienced a significant increase in
summer stocking densities. Enclosure in certsin catchments wmay have
resulted ip a rationalisation and possible decrease in sheep grazing
intensity., However, the early date of such enclosure suggests that it was
not an isportant process.

With the exception of the lynnaedd Eiddew Barh and Hir catcheents which
were never regularly burnt,; there has been & deciine or ceessation of
burning within the pest ra.20 vyears. However, only in the Llynnaedd
Eonwy, Gamallt, ¥ Bi and the unafiforested section of Cwm Hynach
catchaents is there evidence of regeneration of heathy species; in the
forsm of mature, leaggy Callupna stands, {(Pteridium is not present in any
catchament). With the exception OFf Llyn Bamallt, effects of the vessatios
of burning in these catchasents has been accentuated by & decline in
grazing intensity. pH reconstruction is not complete for these lalkes, but
well dotumented fishery decline from the early 19608 in Llvnnaedd CEonwy
and Gamallt (Milner and Jones 19835, Patrick and Stevensen 1984} suggests
‘that acidification commenced before burning ceased in the mid-late 1960s.
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Similarly the drainage of peat in the catcheents of Llynnaedd Conuy
{19208} and Gamallt (1740:) occurred before documented fichery decline.
Drainage was only undertaken in the catchment of Llyn Bamallt Fawr, yet
the lake has a very similar chemistry to that of the undrained Liyn
Garzllt Bach (Milner and Jones 1983, Patrick and Stevenson 1984},

There is no evidence for the practice of liming in any tatcheent.
Therefore the cessation of that practice may be excluded as a potential
acidification mechaniss.

The'reservairing and subsequent water level 4fluctuaticn of Llyn Conwy wras
temporally coincident with fish decline in the early 1[960s. The
significance of that ceincidence wiil be detersined only when pH
reconstruttion, a more siringent measure of water quality change than
fish decline, is accoaplished.

To date reconstructed water gquality is available for two non-afforested
lakes - Llyn Hir (Fig. 15} (Fritz et al. 1987} and Liyn Bynon {Fig. (&}
{Etevenson gt a2l 1987a}.

Consideration of documented Jland use and management histories in
conjunction with histeorical water guality indicates that changes in the
tatrhrents are unlikely to account for the observed acidification of the
lakes.

The wunenctlosed, undrained Nardus/Festuca grassland of the Lliyn Hir
catchment has a long histery of sheep graving, which over the period of
major acidification {ca.i940~1980 - Fig. 15}, increased in intensity.
Burning was not a regular management practice and the catchment was never
limed.

The recent aridification of Llyn Gynon is primarily & post-1950
phenomenon {(Fig. {6}. There has been no land use change or significant
land management change in the catchesent immediately prior to, or during
thie period, eucept a cescation of grassland burning from the late 1950z,

Together with evidence from soot and wmetal anslyses, the fzilure to
attribute acidification of theze non-afforested lakes to catchment
proCEesses, Argues strongly for an explanatien in fterss of acid
precipitation.
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Fig. 15 Liyn Hir: Diatom summary

ENAOH3d

02 0e
o ___.ur.mr;rirrrir..rnr..r;rzrsr;

05

' I3 .3
]
26

_mem

o

o R R \
RIS TSP S RO
"3 . . .
RN A@fﬁmmm RNt e ! x%%mf%nw%% %%%.«@M S
R LT VAR AP o \ /&Wmmv AN A0 N
P W o GBS
6 "t o
i)
o
e @ﬁ%%&v
g



38

Fig. 16 Liyn Gynon: Diatom summary and pH reconstruction
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