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SUMMARY

A pollen diagram hag been prepared froﬁ Dubh Lochan =« a small loch
cloge to Loch Lomond in an area of semi-natural oak forest. The site
selaéted is neaxr to the edge of the loch, in fen carw, with Myrica as
the dominant plant at the actuwal sampling site.

A complementgzy diagvan of macroffoasil remains has also been
drawn up,'and together these dlagrams give one a regional, and at the
gsame time, local vegetational histoyxy of an area which is within the
veglon covexed by glaclal ice at the ﬁime of the Loch Lomohd Re-advance.

The diagram has heen.divideé into local pollen assemblage zones,
and this zonation has been confirmed by statigtical analyses of the
results. The sediment at the base of the corxe is fine silt containing
no pollen. Above this there is a short zone where plants typical of
cold climatic conditlons, immature soils and open habltats f£lourished.
gggzggg_pollen values rise very sharply at the end of this zone, and

Quercus, Ulmus and Pipus must have immigrated into the area shortly

after this. There is a byrief period when Pinus values indicate local
occurrence. .Just after the maximum for Pinus therxe is a very shaxp
rlse in values for Alnug pollen, and this is followed by a furthex
expanslon of mixed oak forest. Later, after the decline in Ulmus,
pollen of plants typlcal of oﬁen forest, and of plants noxrmally assoc-
iated with the presence of man, became important members of the pollen
spectras

Comparizon has been made with other pollen diagranms from sites
in Western and Nerth~Western Scotland and North-Wegtern England.
Similarities have been noted and tentative reasons given to ezplain

differences from these.
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INTRODECTION

1. The Scope of the Thesis

Qver the past 5,000 veays orx more man has prograssively daaﬁrefad
the natural vegetatlon of Britain, and untll compavatively recently
pothing hag besn done to try to stop this destruction, and to attempt
instead to try to dmprove the ecologlcal environment, and perhaps make
it move productive. The respective roles played by man, aoniwmals,
ﬁlima&ic and edaphic changes, in the evolntion of the present-day ogo-
gysten wmust be known in omd@x to be able to unﬁerséanﬁ, and pexhaps bo
able to contwol the ecosysten. In planning fox the fubture {he
euologlist has to analyse the factors which have influenced the formation
of the present environment. A study of changlng ecosystems of the past
in relation to the above factors can be done by means of pollen analysis.
The present study attempts to veconstiuct the vegetational history of
the past 10,000 years at Dubh Lochan (Matignél Grld Ref, NS 378 965).
pubh Lochan is a small loch close to Loch Lowond (Figf 1.

In this area the histoxy of vegetation beging wilth the vetyxeating
glagiers at the end of the last glaciation. As the last advance of
élacier ice was in the form of valley glaclers there was soﬁé vegetation
on the surrounding hills. iHexe the vagetatlon was a sub-arctic heatlh,

with some Detula end Salix and with a rich grass and hexl element in the

flora (Vasaxl and Vasaxi, 1968). Radiogarhon dates suggest that the
Lhoeh Lqmon& Rﬁwaavaﬁce took place during the period 10,800 to 10,300 B.P,
(sissong, 1967). We can therefore presume that the initlal colonisation
by plants of the awvea alt Dubh Lochan took place latey thgn 10,300 B8.P.

The maln objective of the thesiz is o analyze the appended pollen
‘dlagram, and thus give a general pleture of the evolution of the vegetation
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ofl the aren %iﬁgsn isthe foch Lomond Re-advsnas. Polion anoalyeie
HREL tﬁhm into a@cﬁuﬂt she complex xaﬁatiﬂnﬁhip hotwasn the pollen
apoobni end the a@tuml vﬁga&mtién prasont. This daopends on wany
in&@#wr@lﬁt@ﬁ,&uﬁ varlable f&ﬁtﬁgég @ o

{1} The xelative awount of pollen prbdduced by ﬁiﬁﬁa#&uﬁ plonts.
Phiz has boon studicd in some dotall fﬂr‘manylef the forast frens,
and can be conpensabed ﬁﬁﬁ‘ké some dagion,

{23 Whé Q@@ééimnAmﬂﬁu§i@& by poaa Qi&ﬁﬁﬁ in welation te othars
can have a warked effect on thelr pollen production.  Coxyiug and
dmmdperus, which produce aech pollon vhen they ave dominant menbars
of an coosvsten, produce very Llttle as uader-stoy. Bimilarly
many plonts of the ﬁax&&g floow often proeducs V¢?y_littia pollen.

(3) Another factor ﬁhiﬁh Iaflvencaes the pali@n.mamaim L thal
pathod of disperasal. ﬁéligu foud from enboncphilons plonts is
sparse and in néﬁmaixy prosuaed o be loesld in ordgin.

{4} Praservatlon of some pollen ~ ¢.g. Tazan ~ Lo very poow, buk
under what condléions, exactly. preservatlon may be o limiting féaﬁox
han been Jithle studied, and this is o factor for which A% is véxy_
difflonlt to meke allowanood. V

Pollen transfor has been gtuwdied mathenabionlly in zelation fio
vaplove weteszelogical conditions by Tauboer {1965}, Pollen deposition
do considered to consist of ab least three cowponenits:

{n) Pollen dexisved Srom the trunk space smeng the troad.

() Polien dewlwved from above the wcanopy.

(o) Pollen ﬁ@xi§@ﬂ From wash~out by waln, whilch tends o

have a mowe reglonel dexivathion.
in Fhe chedos of o sultable site - whioh iz discussed loteow - ono

#

st consider vhether one wishes a reglonal or looal pollon diagrom.




Lange dlffevences in the extent of the avea weprosented by a dlagran
must be expected between basins of diffevent size. Loeal clinate,
ineluding rainfall and average wind speed and directlon must alwvays
be factors to be considered.

Thus the problem of infevving what the composition of a past veg-
atation may have been ls very complon. A ptudy of the present-day
pollien productlion in velation to different types of wmodern vegetation
patterns gives much usefel information, his is perhaps the most use-
ful tool in evaluating and reconstructing past eccosystems.

A study of the stratigraphy with its assgogiated nacrofossils helps
to separate out a local element in the floza, and it is hoped {hat the
analysig will succeed in glving at the same time a history of the
development of the eoosystemn ai the sampling site, and a history of'

the vegatation of the xedglon,

2, Raview of gome relevant literatuye on Scotilsh pollen diagrang
The work most closely associated with thé present study is that
done at a site neay Drymen (Donner, 1957; Vagari and Vapaxi, 1968),
vhich is outside the endwmmraines of the Loch Lomond glaciation (Fig. 1).
Denner studied, by m@#na of pollen analysis, several sites neax
terninal moraine lines, in oxder to elucidate the age of the moraines
as a means of interpreting late-glacial retreat stages in Scoitland. Hisg
site, at Hulr Park Reservolr, was later studied in groatey detall by
Vagarl and Vagari as pavt of an enguixy into late~ and post-glacial
vagetation in Scotland. At Mulr Park Reservolr, which is ouwtside the
Logh Lomond moraine line, Godwin zones I, I and LTI are present, whereaér
at Dubh Lochan the vegetabtional history begins after the final retreat of

the Loch Tomond glacier, at the end of zona IIT. Donner also studied a
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SCOTTISH
WOODLANDS

RECONSTRL’'CTED DISTRIBUTION
OF OAK. PINE AND
BIRCHWOOD DURING

THE PRESENT CLIMATIC PERIOD
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SCOTTISH
WOODLANDS

PRESENT DISTRIBUTION OF
OAK, PINE AND BIRCHWOOD

Only the mure imponant areas of birch are shown but

wite small fragments of pine and oak wéodlind are

sodicated Pure ashwood 18 inctuded with osk, and the
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complete change in the natuwre of the Sootiish landseapa. Today only

vary iaolaﬁeﬁ arecas of Scotland have remnants of natural vagetatign.

4. Peatures of the avea

(=) opogxaphy

The Highland Boundapry Fault crogses gauh fiemond in a noxthaaatw
gouthwent direction (Fig, 2) . The area to the north of this if of
kgnxy highland ﬁagogrnyhﬁ. The uwaderlying xooks are mainly schists
and sobistose grits with a beld of slate, The sawpling slte is on an
araa of schistose grit, and thg local zoll is thought to ba yexvioug
glacial drift (Titteonzor and Steele, 1970). Ben Lomond, which ia
about 3 miles north of the gite, is of mice-schist, with some bhage-
rich a@taraps near the summit, w&ichiﬁave a correspondingly wicher £lora
than the xest of the &r@n.- To the gouth of the Highland Eaunﬁgxy ¥ault

the landform is more gently undulating, and is underlain by 0id Red

Sandstone. Much is at present under cultivation.

(E) Climate

Tho glimate in the Loch Lomond ares is nild and oceanic. Rainfall
during the vears 1972 and 1973 at Arsochymora, a weatﬁmr station close
o the sampiin% pite, wag 50" and 58" voaspectively (Metfomm 3211). The
alr tenperabure betwaqn BUNRER and wintey dogs not show a large variating.
The coldest months are January and Februayy with an average ﬁ@mparaﬁure 
of about 4°C while the temperaturoe in July and Auguat ie aboui 14°C.
Precipitation is m@ﬂtly ap raln. There ave very few days when snow
falls, though am albitude iéoraaﬁﬁa there are wore days of anaé £all.
Bven on the hills onow rarely lies for longer than a few days at a time.
There is zathexr more raln in wﬁnﬁex than in sunmer, Chough main falls

all the yméx. ¥he wolative humidity is generally high (> 60%) through~




out the year. The avevage annual nunber of waln-days (i.e. a day
with at least 0.C1" of rain) is about 258. Prevailing wind dlrections
are largely from the South-west and West and the average wind speed is
abgut‘zﬁ miles per hour; this measurewment comes from the nearest
gtation recording wind speed which is some distance away, at Abbotsinch

{(Climatological Atlas, 1952).

() History

The Logh Lonond area is renowned as one of exceptional beauty and
the oak woods which flank the hills ave a vemnant of a once very wide-
mprqaa natural mixed oak forest, the conposition of whidh is of great
interest to the ecologist, The present day composition of the Loch
Lomond oakwoods is well docwnented (Tittensox and Steele, 1970). Much
ig also known about the recent hithxy of these woodlands, which have
been managed as coppice with standards since the 17t¢h éentuxy unill
falirly recently. What éha conponents of the original natural forest
were has long interested ecologists, because oak forest once covered
vary extensive areas of Scotland. The map showing reconstructed
distribution of oak, pine and bizchwood during the present climatic
peried (McVean and Ratelifife, 1962) shows that oak forest probably
covered most of the land south of the Highland Boundary Pauli, also the
wore fertile valleys of the north and west. These natural mixed ocak
forests musé have pergisted for sewveral thougand years, from the time
when the climate béaame warm enough some time aftor the retreat of the
ige at the end of the Devensian pexriod untlil well after the advent of
man in this area.

- Masolithic nan was present in very small numbers in Scotland, and-
being a hunter~fishexman ﬁay well have made Litile permoment impact on

the forest cover. Stone implenents found around ILoch Lownond ave
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probably late Mesolithic end date from around 5,000 B.C. During the
é&cond half of the 4th millaﬁimm B.C. the first oroups of yeolithic
wen with their knowledge of cereal culilvation and animal husbandey
began to aryive in Scotland, At ﬁhié pexied‘man first hegan to make
permanent alterations to his envivonment. Stone axez of this period
have been found neay Cardross and Gartochan,

puring the Dronze Age there was presumably contlnued actlvity in
forest clearance, Axes.ﬁf Bronze Age have been found locally. Byonge
Age peoples are thought to have relied a lot on stogk-zaising, and
probably ﬁiliea the land with light ploughs. Iron Age hill forts and
crannogs are found in the Loch Lowond araa. Some of the Iron Age
defensive sites ave quite la#ge,‘inﬂiaating the presence of man in
this area in conziderable nunbers, sssociated presumably wiith contin-

- ued active fovest clearance (Morzison, 1974). |

By the 1éth century the system of "in-field" and "out-field" had
been eatablished, and thexre were villages at Luss, Boahill and Aber,
go by this time considerable deforestation must bave taken place.
Chronicles of a Worse raid in 1263 mention the populous islands of
Loch Lomond and the mansiong on the showve (Idle, 1974).

Shipbuilding at Dumbavton began avound 1430 and by the end of the
15th century oak wood fyom theiLech Lonmond woods was belng used for this
PURYROBE . Izon smelting began in the 17t¢h century ~ timbey belng used
in the preparatlon of chaxgoeal. Several sites called "Bloomevies”
whare emeliting took place cen stlll be sean within the cak woods. The
sacond part of the 17th centuxy saw an incéeaaa in the uze of oak bark
for tanning leather, and in fact a factoxy produging pyrolligneous acld
was situvated at Balmaha wnitil axound 1922,

Black-~faced sheep were introduced goon after 1745 and by the end of

the cenbuyry wers very numerous. Goats, which are still pregent in swmall
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Photogrmgh I

V1«M of Looh Lcnond with Ben Loiaond in the background. This
wee taken from Xnochiacan with Xnohlonaig in the foreground. Note
tnet the rounded, dark trees on the island are Taxas Daccata. It
can be seen that the only trees form a narrow belt round the edge
of the loc*, and while some of this woodland is planted much is a
remnant of semi-natural %roodland with oak still being an important
member of the flora. On the flanks of the hills can be seen areas
of young planted forest - this can be more clearly seen in Photo-

graph 2.



Photograph 2

Dubh IotiMui, with the saj*ling site at the farthest
point on the picture.



nunbers on the hills are doscendants of a more numerous stock which were
present long before the introduction of sheap. Roa deer, red deoxr and
fallow deer arge all praesent;, fallow deey having becen introduced by man in
Roman times o Britain. Bs the forests were not fonced until very
recontly the effect of this heavy grazing must have been to provent tq a

vary large extent the notural regeneratlon of forest trecs.

() 1oecal vegetation

This afeag which was once tﬁe land of natural forest, 1s now
forested, as As shown in photographs 1 and 2, only 5n the islands of
the logh, round the fringe of the loch and on the foothills. This
semni-natural deciduous woodland is ﬁo&ay largely composed of Quenans
petraen. Theve ave relativél& foew pure individuals of this aspecles,

and hybedds with Quercus wobur, which was introduced, are moxe gommonly

found {Tittensor, 1969). With Quexrcus, Betula pubescens, Serbus

auncuparia ond Ilex agquifollum foxrm an open woodland with Alnus glutin-

osa groewing vhere the woter content of the soil is highe. Whore wood~

land has been felled Pteoriditm acullinum has becoma dominant, Thare

is Myrica gale in wei areas and Molinia caexulos is locally important.

There are several large conldfer plantations and the trees mosi

commonly planted today are Pleea ables and 2. sitchensis and both

Loaxix decidua and L. liptolysis. Plous sylvestvis and P. contoria

have also bhean planted locally.

Above the forest is wot mooxland, with Calluna vulgarls, Myrica

gale and Molinia caexulea ~ Calluna replacing Pheridiuam aguillioun

ang altitude incroases. Mbove this there 18 a Molinia - Anthozanthun

- hgrostls mone, and as altitude increases there ls in places o zone

of blanket hog dominated by Sphagnum section Palustrio and Exiophorum

vaginatum, On the more oxposed sumults theve is Rhagomiirium heath

12



Photograph 3

This is a view of tha aaapling aiti. Hot# thi#t fringi
of Car#ix rostrata with th# op#n Batala/Salix/Alnua aorW)
bahind. It is at th# junction hatwaan thasa zonas that tha
oora was takan. This i“tograph gives a rather forashortonad
viaw. The traa fringa is in fact rathar aora open than would
appear on tha photograph.
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but this ig often replaced by a short turf dominated largely by

Nardus stricta and Festuca ovina, with various awctic alpine plants
growing in this (Idle, 1974).
In the imwmediate vicinity of bubh Tochan there is open woodland,

ag is shown in photogxaph 2 and figure 3, with Quercus petraea hybrids,

Betula pubesgens, Sorbus aucuparla, Larvix decidua, Pagus sylvatica,

Fraginus excedslor, Populus tremula {(growing sparsely at the edge of

the lochan), Ilex aquifolium,‘ﬁedexa helix, Rhododendron ponticum and

Lonicera periclymenum, The ground flora is composed of Pterldium

agquilinum, Vaccinium myriéillus, Deschampgla flexuosa, Anthoxanthum

odozatun, Dryoptevris app and Blechnum splcant, and the most consplouous

hexbs ave Potentilla erxectn, Melawpyrun pratense ond Oxalls acetosella,

In the fen axea, round the sampling site (Photograph 3) there ave

‘Salix cinexea ssp. atroclnerea, Salix aurita, Alous glutinosa, Betula

pubescens, Myrica gale, Brica tetralilsx, Molinla caerulea, Galium

palustre, Ranunculus flewmula, Viola palustre and Juncus acutiflorus.

There ig much Sphagnum section Palustria with sowme Sphagnum imbricatum

right at the actual site.

In the lochan nearby are growing Phragmites communis, Carex

rogtrata, Equisetum fluviatile, Nuphar lutea, Nymphea alba and Hippuris

‘vulgaris, while Juncus bulbosug, Sphagnum section Palustria, Myrilo-

phy Llum alterniﬁlcrﬁm; Lobelia dorimanna, Fontinalis antipyretica,

Littorella uvniflora and Igoetes lacustrls arve growing in other parts

of the lochan.
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MATHRIALS AND NMITHODS

Prelininary investigation of aediment depth and character to
detemine the begt site for sanpling was carvied out using a small
Hillew-type peat hover. When the wmost sultable site was selected
ganpling was done uwelng a Thomag Fagrnell wodification of o Hiller
samplen. . ghe eores were cxamined briefly in the field to note colour
and sy othey obvious featurss. A more detalled study of the sediment
lithology wap carvied oul in the laborstory. Samples woro dovble-
vrapped in polythene, sealed and labelled for transport back to thae
labovatory whera cores ware gtored in & cold room at 2°C. Cores were
exeninad stratigrephically in the laboratory. After samplos wvere taken
for pollen analysis the rest of the core was cxamined fovr macrofossiles -~
the pollien washings alse being omsnined. The PxoBls-Snith glasslfic-
ation and nomenclature was uged to deseribe the properties of the
gamples (Trolls-snith, 1955). Semples were indtially taken at 20
cantinetre intervals - later others wore taken at clusey intervals where
There wave chanééa @ither in lithelogy or the pollen spectrum. The
preparation of sawples follows the method outlined by Bizks (H.J.B.
Blrks, 1972). é sumear of the sediwent wes always examinad before
each extvaction was carvied out and the preparation was modified as a
sesult of this. Barly Flandrian  samples, for example, veguired ud"
bhe boiled for one hour in 40% hydrofluoric acid because of the vary
high dnorganic content. An_@xaminaﬁioﬁ of sawmples for diatoms and
other siliceoous organisms wasg done on the smeax and swall amounts of
'ﬁhe saﬁimentﬂ vare kopt aslde for further inwestlgation for these,

Slides vere mounted in glvcerine jelly and stalned with safranin,
as was the refevence colleotion.

Counting was carried out using a Vickexs ?aﬁholﬁx microgcope at a

magnification of x 800. This is a higher magnification than is novmally
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used in routine counting and éaunting iz thns slower, but was
preferved, Tor wnknown pollon or ALEficult genera an oll lmmezxsion
ebﬁeetivg was uaedu' A%micxametar soale wag routinely used. Counts
are noxmally over 500, as whole zlides were counted to eliminate
posgible errors dus to non-xandom ﬁiaﬁxibutienAan the slides.

All pollen gamples wepe prepared from a wniforn welght of material.
¥t was hoped thus to give some very oyude idea of relabilve pollen
amounks at diﬂfaxaﬁﬁ levels. ) This, hovever, presumes a constont
sedimentation rate, which we cannot necessaxily presume, although
from work carvied out by various paople 1t has been fouwnd that, in
any ore lake, the sedimentablon rate is gsurprisingly constant
fBirks, ﬁ;H., 1972; Ponnlngton et al., 1972; Davies, 1967). Whore
the lake becomes overgrown and fomms a4hydrms@re the rate changes 1ittle.'
The rate of accwwmlation of a hydroserc has been found o have a modal
wate of 21.60 cenﬁima@reﬂ/l,GOO yvears {(which compares with a sediment~
atlon rate of 40 ¢entiwetyres/1,000 years abt Loch Maree (Bixke, H.H.,
1972)). It has beon Found that this rate doss not change siﬁmiﬁi«:&mtly

with changes in the hydroseral succession (Walkew, 1970).
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1, fhe Pollen Diééxém(

The enclosed diagrem wag cmnéhructad uging as a pollon ﬁum the

T bobal pdllén and apores . of L@rreatrial p?ana%; &msmqnateﬁ hﬁncefor

A;EP+S. Frem Lhib %phaqnum was eymxude& Thﬁ pxﬁﬁua lon of gp01e in

", Sphagnum species is.ﬂﬂ varmabl& ies 1nw1u@imn in the total purcen&age

caloulal icn was whuumhi not & be “u tif%abtm. Thm Variabiliﬁy ai
ﬁphaqnum An’ suxtaca aampléﬁ ta ken frcm Smhaqnum p&at has hemn raunu 0
Tba gunaiuerahle. In (R mampims taken quite elo e bo the qamwiing
'Jﬁta - bmtﬁ {ram amcng gghaqnum w’&ha ymrcant&gee wera Q,1% aud 28
ﬂazp¢m». Tﬁmn has hoon 1nve?tigat9& alﬁo bv Hﬁim,(lg?ﬂl. |

T

“ha Jﬁaqramg hmv& beeﬁ dividma into lGCdl ﬂmllaﬂ mm@amhlagm zonus

~

- thmﬂ axm bnxng umna as ﬂeﬂinsﬂ hv Birks (H.J.B. Bimkm, 3973)

‘Sxmmlafitzeﬁ Q&hﬂQLﬂ nhﬁs« luaal ?one& anﬂ ﬁanms on Gther pollen dmaqram“f’

"frem;the went of cﬂnl&n& have been nuuea, ana tentative waglonal pollen

T

sseﬂbieqe EONGS hava been quggamt@ﬂ.,‘

Tha lmcﬂl mﬁsemblaga  BONES. §re ﬂaﬂ;qndh@d wiLh the initlaag Qﬁ

ﬂubh Loehmn, and they ﬂre numb@xed cunﬁgcuLivelﬂ wom the nut Eome:

They are named ﬁrom mn& O

nox'e ta&a parLiwularly.prmminenﬁ o diagnﬁs~

‘tlahaf,ﬁhe asmﬂmblageo

2. Pollen aet@xﬁinaﬁianaﬁﬁxmomenalmﬁnxm

'(a) G&netal

Vaxloub keys eto. vere, nqad including th@ f@llewinq m{

¥ *”’ Andrnw, 19?0 fV
‘ ertmon, P&agé@ﬂﬁ Had ?xaglowski, 1961
~'I:xdt:“mm, ?r&glovs&i and Fi?ahagp 1%6;
":quQM, 3964 .
Pmatﬂma, lgﬁﬁJ;'
,Bixgg, 1973
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at Loch Maree beforo 9,085 & 120 rediocarbon vears B,P., vhera it boooune
astablirhed between 8,951 and 8,250 radiocarbon yeaxrs B.P. At Loch

Claiz it was an established plant by sbout 7,080 B.C. and at Loch Sion-
agscelg by about 5,930 B.C. In poarts of Skye Pteridium become established

at the beginning of the Betulae~Corylug assenblage zone, Spores were

found in AllexBd times in Zoch Kinord - again indicating relative mild-
ness of elimate at that tine (Vasari and Vamari, 19638).
There is a marked increase in the representation of the colonial

algae Botrvocogous and Pediagtrum. Thase cocour in lakes of a wide

range in base status, elther as plankton or asgsociated with macrophyvtes

in shallow wator.

Comparative Pollen Zones

The hugemblage Fone designated V at Mulr Park Resexvoly (Vasaxi
and Vasard, 1968) and zone V at the same site (Domner, 1957) are very
sindlar o DimZ. Zone ¥V at Gartmore {(Donner, 192357) iz also very
gimlilar. The Reglonal Pollen Zone NWS III, where the beginnlng of

the Batula/Corylug zsone hag bhoaen radio-carbon dated at 6,900 B.C.

shows also a pollen gpectrum iike that at Dubh Lochan, and like zong

L2 at Looh Marea,

Macrofossils of zona DL~-2

In pollen zone DL-2 Betula continues to be present locally.

Chara and Nitells, which axe abundant during this zone, Chaxa, in
paxticular, indicating wore eubyophic conditions than at present.

It is of inteyvest that Nvmphaea alba seads aye present in considerable

guantities, while later these arxe fewer in nuwber, From the diagyam

1% would appear that there is no Nymphaea alba in the lochan today,

but this plant grows relatively abundantly zound the margin. The
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reagon that it is not zeen on the diagram is that the site wherve the
gore was taken was overgrown just below wherxe the last fruits wexe

found. Potemogeton nabans (Aalto, 1970) is prosent during most of the

Fiandrian.

Naian flexiliz geeds have bean found at level B44 em in a corve

immediately adjacent to the site. As zone DI~2 extends fxom 500 -

575 em it is o reasonable asﬁumpﬁion that Malas was present duvring

this pexriod. It has been found fossil in Avyyshire {(Durno, 1958b),

in Abexdeenshive (Vasari and Vasari, 1968}, in Inverness-sghire at Aber-
nethy Forest (M.H. Birks, 1970) and in Skye. It appears that its
frequency 15 vestricted today. This may be as a result of climatic
detexdoration (Godwin, 1956) though H.J.B. Blrks feels that its
vegtriction today s due to increasing competition (H.J.B. Bivks, 1973).

It is not known to be present today in the area vound Loch Lowond.

Zone DL~3; Bebtvula -~ Plnus ~ Corvius zone

There io rapid increase in Pinus pollen at the beginning of this
zone., The Pinus curve at lower levels is undoubtedly due to long
digtance trangport, as values ave low. Pinus mmst have migrated into
this avea just as Quercus and Ulmis trees were also increasing in nunbex.

It is preswted that Quercus and Ulmus occupled most of the lower ground

when the solls wewre richer, while Pinug probably occupied the bettaen

dralned hillsides. Bdaphic conditlons for the spread of Pinus nust

have been favourable. These conditions ave incomplete ground cover

and reasopably open ground (Carlisle and Brown, 1968), and the spread appears
to have been quite vapid. Pinug remalned an important wenber of the

forest for only a comparably shoxt time. Parhaps with clinatlc changes

to rather wetter conditions as appears Lo have happened at the time of

the alder wrise (Pennington et al., 1972}, the hlllsides hocame rather
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too watar-logged ﬁoanatural regeneration off Pinus. VWhatever the
reason Pinus gradually ceased to play much pawt in the local vegetational
history.

Tﬁaﬁe is a gsimilar though rather more extended pine zone at Loch
Maxeoe (H.H. Bivks, 1972) vhere at about 8,250 radiocarhbon yeaxrs B.P,
Qina polien vaiues roge very rapidly - pine becoming a dominant menber
oﬁ-thé pollen spectrum within 100 radlocarbon years. = Pinusg obviously.
played a more important role in that arvea, than in the Loch Lomond
area, and native pinewcoods are still present. There appeara at Loch
Marea, as in othexr Scottisgh sltes -~ e.g. in Galloway (H.H. Birks, 1972)
and in N.W. Scotland (Pénnington et al. ., 1972) to be zome corxelation
betwoen the increase in Alnus pollen amd a decreasoe in Pinus,

Today there is in this region only two small pinewoods ox areasg
of scattexad pine ~ one of which, at Rowardennan, National Grid
Refexemée 26(N.S.)/358996,‘ia considered to be elther planted or
natﬁral roeganeration of planted trees. The other is an avea of
seattared trees on the south-east of Glen Falloch at the head of Loch
romond (National Grid Reference 27 (MN) /367233). The trees are morph-
olbgiaally similar to native pine, and though no eorly historical
vefarence has been found to thenm, they have be&n considered to be native
and natural (Steven aad Caxlisle, 1959). Howaver, there is a reference
to a ‘grant of frsé foxestxy infGlen ?alléch to one Ure Campbell of
Strachur on 3lst March, 1568° (andexson, 1967). There is no mention
of whaﬁ gpecios was to be planted but(this does railse doubts as 1o the
nativa status of the pine trees in thils area.

Tﬁe forest cover, in this zone, must have been nearly complete,

ap there is litbtle herb or shrub pallen. Pilantago lanceolata pollen

has been found in this zZone though its presence is noxmally associated

with human interference, and lts presence at the end of the next zone,
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vhare the curve hocomes contilnuous, i alieost cextainly associated

with the elm deoline, and man's presenc. Tt vpraosenoa hoxve nny have

hoen as a regult of fire from nabural gauses. Plantago loncoolata
appears in many pollen diagrams fyom the British Isles in small smounts

before any other trace of prehistoric man's agrioulburae,

Conparative Pollen Zoune

Thexe is & vory similar pine peak just before the aldex wise at
Hulr Poxk Resexvolr {(Donnar, 1987) at the junciion between Godrin sone
Vi and VILa, while at Gartwore (Donnex, 1957), only a few miles away,
thexs ‘iss_ no incroasse in pins &milﬁnﬁuxim&v sone Vi. rine wan therefore
possibly only locally present during this pexicd In this part of Scotland.

in north~wesh Baotland thare s & plno maimam before the aldaw xwisa,
but in this ayxes pine hos persisted in linited groups in o fow sitoes
"'un*i::z.;!. the present day. |

At Tooh i=m;z:ae vine 1 nresent in zonas IME-3 and ILME-4 after which,
v‘if‘(.:x‘ aome xeasen, thexe is a shaxp decline in pius pollen, hut plae has
remained a small but persistent couponent of tﬁ@ gpeatren theve il
the preosent tins. sSimilaxriy at Looh Sionssealyg, Looh Clalr, Looh
Borxalan and Leoh Craggle pine pollen iz present in gubstantial amounis
during chronosone NWE IV, NWE V and into HES VI, The hoginning of
WS IV has beon dated at 5,900 B.C. and WNYS VI ab 2,070 B.C. at Loch

Sionaseonid.

Hagrofogsiie of zsone DI~3

In pollen zone DEI~3 the macvofoselils praegent ave similar to thoss
in DI~2 with Betula continuing to be the dominant type. Hylocomium
gybndens, which is present, ie often apsoclated with pine foxest.
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Zone Dh-47  ouereus - ALms 2ono

Thin zone e again ﬁyx;:*‘.,i?imﬁ by wory bigh arborenl pollen, with .
Alnus Inoveasing very rapldly an the ‘lmgi:m:i.mg of the zone. Fhe
sproad of @&}3}&1 in W.W. Scotland comas 1,000 vears later thon ia
W.We Eogland (Pomington e ad., :3.‘:%;?:?,) «  Whe aldor mise in this axea
pregunably toolk p&gma' before or avcend G300 B.P. . since the rapld

aprend of Adans at Loch Maree has boen dabad ab about 3,500 B.e.

(. picks, 1972). N8 ok Loch Mavee the sproad of Alnes gomen Jjust

sitar the mezinum ;%px&zgsﬁ of Filnus. Alnuws has vemeined an lepoztant
alasont izt; tha pollen gpectiun wabll the prosent day - this oould
lﬁ:fé‘afl%mﬁ o paxedy local alement singe Adnug S otilld, on the aite.
Howevar, it in }mmm o ba a moxo regionsl phonomemon, sinee tha
aldor wioe is shown on all other dlagrauns from westexn Scotland.

: gg:g,‘mz.g ig aiso present today in wel situstions xound Looh Lewond.

Mized onk forast m:;m::!.nmaﬁ to expond  wulte rapldly at tho
begiming of this zone and the pollen spectrus suggests pravtically
elosed forest. Hams do present often on hetter solls than Juoxcus
and probably pure stsads of Ulnus nay have been widespread.  The
polien veprasentation of Ulmus is not as high ac Duerous, so ih was
prohably guite en important element in the forest. It fs of interest
o note that Quersus values at Dubh Lochan are botween 20 and 35% total
‘pollen and spores at this perlod, while at other Scotitlsh and noxth
English sites uoergus pollen drequencies are rarely greuater than 20%
total tree pollen (Codwin and Deacon, 1974), though ab Planders Baat
mfams Do (1966) £orwad QM&gﬁ vaduas of up te 30% wotal tree pollen.

It o of intorest to note that Pinug values arxe betwaen 5% and
208 & Pollen and Spores. T congdder that in an area iike this wheze
there was almost éw@lam trea cover, these valusg probably mosn that

Pinus waps atlll present. Yhe presence of a single pine needle supports

A0




this hypothesis.

It is interesting to note that Polypodium reachos 1ts highest
values in this zone, This shada410ving &yiyhyta 9rabmb}y thrived
in the shade of the nearly closed forest, and its presence may also
reflect the inareéainﬁ ooeanity of the alinate.

Theéa is a vexy large i@pragantatisﬁ of Isootos wega and micro-
spores during this period. This may merely be en indication that the

-dapth of water at the site wags at the optimal wvalue for this plant.

Igcetes lagugtris still grows in the lochan on siliy ox stony parts

of the hottom. There is a similar large maximum of Iscetes lacustris

at Ioch Maree, Loch Sionascalg and at Loch Claix.

Comparative Pollen Zone
There is a very sinllaxr wixed osk forest zone at Drymen (Donner,
1957},  There ig aleo a rapid increase in plmus at the beginning of

this zona at Dﬁymen¢’h The' zone is designated VITa and VIIb. At

© Gartnore (Dounem,"1957) the pﬂllﬂﬁ diagram ends aftex zone VILa.
Phis mnné ig again<;ik& that at Diym@n with, ag at Dubh Léahan, vary
faw herbs preéént,vsuggeaﬁing’a pradﬁically cloged forest.

At L&ah‘Mgree the zone IME-4 is comparable. However, theve is
a difference in that thewve ls a very high count of Piaus nll through
this zone at lLooh Maree whereas at Dubh Lochen, Pinus, though pxabgbly
present, was by no means an luportant element in the'vegetational
mosald, The begiphing of the zone LME~4 is dated 6,513 & 65 vadio~
carbon years B.P. and the end of the zone is dated 4,206 % 55 xadio-
carbon vears ﬁfP.

Iﬁ novth-westorn Scotland reglonal chronozone NWS 5 ls similaw

but as at Loch Maree the Pinus component ls higher thon at Dubh Lochane
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The very large number of wegaspores of Isoebes lagusibwis

raflects directly the large Llocal presence of this plant vhose
nicroapores ave so abnndantly praesent in the pollen diaggan ab
this time.

Cristatella mucedo statoblagts, vwhich are Imown from both

autrophic and oligotrophic lakes arxe found in rather shallow water
- depth one o two metres - wheve it lives attached to the macro~

phytic vegetation (Bexglund and Digerfeldt, 1970).

The Hlm Decline

s no radiocarbon dates have ﬁe@n token fxom thls core the lavel
at which the elm decline took place connot be Gefined with certaiaty.
Frow many Scottish and other dlagrams it is apparvent that aftex the
initial elm decline there war often a ﬁ@mpvxaxy rosurgence of alm,
Prom this I would suggest that the indtial elm decline took place at
level 350 on. ﬁroﬁ'a statistioal analyﬁié-af-the vesults there is a
small discontinuity at thisg ;av@l. The discontinuity at level 285 cm,
wh&xa 7 have put‘my zone boundary, is of a lavger owden.

In certain paxts of north-west Scotland an increase in Calluna,

Preridiun and Gramineae pollen is assoclated with the firvst discontin-

ulty in the elm curve. Theore is an elm decline from Oban (Donnex,

1957) which is assoclated with an increase in Gramineae and Cyperaceas
and a slight increase in Exigacene. The elw decline as suggosted by

‘Domner ah Mulr Park Reserveir ls again associated with increases in

Gromlueas, Cypsrvaceas and Exicaeeae.:wvxt would appear that at the:
;ﬁhﬁ?ﬁ\ﬁiﬁaﬁ the pollen spaéprum aoéa not-naceaaarily indiecate logal
‘@learangaa but ia agsociated with aiéhanga O a rathew nore open
woodland, as suggested by the increase in Pteridium spoxes and increases

in grasses and heaths.
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Tumex acetose, Rumex acetosaells, Bucclsa pratensic and Plantago majox
bagan to appear. Mo egereal pollen has been found, hut this weroly
4

indicates that cereals wove not grown Jocally. The zone bouwndacy 19

§
o et the elm doaline, sensu stricto, but cones at a polat on the pm%ﬁem
A

spectium where more sppears to be changing than at the proposed olm /

docline. The zone boundary has heon confirmed statistically - oyly

7

2 minor discontlouity teking place at level 350 onm, j

toforestation appears ¢o have taken place from this thnes, though
. 1

, .
the treetherb rabio is still high, Thin is masked, hovevber, by the

I

. 7
high logal ecount for Salix. Salix pollen production i xathex low

. ‘ . oo L
and its dispersal tends to be poor, so the high valpas at this point:
almost certainly indicate local occurxénéa,‘w$ﬁﬁ the Fformation of

willov caxy at the edge of tho loghau (Halm, 1970),

The paradox of the association/ of do-foxestation with man and its

"

apparent assogiation with climqwié chaﬁge”ham been studied in great
detall, by ccmparin§ areag,wbé;mAman is known ©o have been present
with arcas 1-..711&1:;3( mmxfwari f’gi.ii:éﬁ.l. pz&ﬁbaﬁsi.}.ity not present, ',[‘ll’m}’:ﬂ
appoars tQuba'é nligm&iékéxpianation for the weplacemeut of troes by
hlnﬁkat peat, Xﬁ a detailed study of lake sediments in the Lake
Diétrictjwhere‘meolithic man was present in considerable nuwbers and

in &aka'sionascaig, Wegter Ress, where no traces of Neolithic man has

‘bgenyfounﬁ, it has been noted that, in both cases, assogiated with

Cdanforvestation, there is a decrease in the proportion of carbon and

an increase in the proportion of the halogens, sodium and potassium,
which ave assoclated with lncreasing hilly inwash due to increased
ralniall. Thexe im also an increase in iron and\manqanase, indlcating
ol instahility which apyeaxaita be agsoclisted with incxeasing cceanity

of the climate In temms of procipltetion and hence run-off (Penningion

et al., 1972),

=9
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Inciudad 4o The totnl for paveantage coloulation {oce Tablse ).
Tha roabie of orboreal poldlen o aoneprborxesd pellen consinucs

o fall, whillo plonts of opan habltats im:x*a;.a = ol ymmimﬂ.ﬁ,ﬂ.,

fhe inorcasing abundsnce of Pheridlms and Calivnn,  Theose ore t«;ec’iay
Whe pzr?iam:t}j;:ei copponents of the wegetation over sumoh of uplond
Sontlmad.  FTheds ewntinped presence lo ensuxed by the poliay df
oyer-graning ., espand nmy W ALY shaooo, and by the burning of mooy-
dand o provide voung tender heathar shoots fon grousa.

Tha cwevs fox Succlsa orabtansds boocomons alnosh gontinucus,

Thias hazd faveurs twaeloss habldints {(Adoms, 19895,

Dlapbn of mjmzrmé,lam hoaxs ave Inorasaing as the ftrealosn
illsidos becone moxe leached and aedd. Dosal selle oeo schiotosp
gritm, which tend Lo be acld,

©hare &8 o c.mxemm 4 expangion of plants ascocinted sith

agrlenlinre and mmau& shendey.

Compprailyve Pollen Sonos

As @his aone webilects the loonl and mqmma.& vagetabion of the
aren there in no exagtly sisilay 2 Wio a% man hos apamabed cliﬁ’ﬁ(za.gm?:lg
kAP .:Ci‘sa rmt BLORYa

I8 couldd be sadd e boe alndlay o 1853 ab Logh Hayeo in that in
oth areas the satio eﬁ?.’ argboroad polien to popecarboresi polien has
deoyeasad and plapte apsociated with do-foventation ond ageioultnre
have fnerveased.  In hoth arvcas thewe was a very noaxkad increase in
Ciiluna, bui st Loch Hovee Lhewxa was ne eomparable dnovease in Pherxidium,
Thoa was, howevor, a sindisy ilncroase in Prexldinm ot ¢ho site in ﬂm
Galloway Hille (. Bizks, 1973a).

Thore wag o afndloy :inc“ wann in Callons in north-vestorn Seobland,

where the ¢heeonesons I8 4 covld boe sadd o be oorpoarabio. The
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beglaning of this chyonozone iz non-synchronouns over the part of the:
nerth-west of Scotlend studled (Pennington gt al., 1972), which iz what

- one would expect 1f man had started to influence the plant structure in.’

ddffevent parts of this avea at different times.

Nacrofossils of Zone DLe6

Note the contimuing presence of Callunn and Sphagnum, Mycor ghizal

roots apeear for the fivst time -~ this wight be presured o be roots
of Myrilea gale vhich we ave gure from the pollen and from local presence
todey was beginnling to become eshablished on the site around the

baginning of zone L6,
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