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Studies of the performansce of TRIOPHORUY ANGUSTIFOLIU: L.
and SPHAGNU: RECURVULI L. along an ecological gradiemt.

INTRODUCTION.

The °sciemse’ of production ecology is at present
tims the omly in the stage of the collection amd collation
of informa tion,

Production data relating to various speeiecs in their
specific habitiats of various definable ecosystems as besn
gathered together, but it is very difficult to drac any
concrete conclusions from the data collested from such
varying sources.

The information forming the basic staructure of this
new science as nit yet been collected for the following
reasons -

1) It is virtually impossible to distinguish between
the endogenous and exogenous information, ei that
information formed by an organism as a direct consaquonce
of its speoific mature, habitat and performabce, and that
information formed as a result of the random variation in
fhese results,
2) There has been 1o distinguishing of the variation
, between sites, and also too much variation within sites
(both due to random distribution) to make this time
consuming operat on as methodology of data collection
and sorting worth vhile.

Information linking the product.on and mineral
cycling of specific ecosystems and their component species
exists at the present time, BAZ'LEVICH (1968) -here is
already enough information collected to show specific
differences in the se attributes between phytogcographically
distinot areas, eg between ecosystem components of the major
world vegetat on belts, There is as yet'little information
regarding variation between ecosystem types within such

phytogeographically distinct reglons.




The related study of phytosociology allows for the
discernment and regognition of species characteristic to the
specific roles carried out in the production ecology studies.

These speoies are selected objectively from a ‘matrix of
information’ built up from objective study apd data collection
in the habitats of the suspected species, In these specific

habitats however, the species grow and find their 'full
expression’, in the specific niche into which they have
evolved, to be adapted as closely and as fully as possible
to exploit to the maximum the factors existing in that
habitat where they will assuredly find their greatest
perfofmance. It is to be noted that there axe mo rcferences
to any investigation into the degree of adaptation of plants
to their natural habitat.

Phytosociology has, for Europe, produced a systen of
vegetatiomal classification which allows the regognition of
floristic units; associations, allianses, orders, and classes

which have their spesific phytogeographical meaning.
BRAUN-BLANQUET (4932) » Although these units cannot be
regarded as ecosystems in the true sense of the vword, they are
populations of primary producers evolved under spccifié
abiotic (habitat) conditions.

In any sucoession complex eg the mire hydrosere therc is

an interrelatcd chain of biotic and abiotic factors in the
pabitat, This interwoven chain in brought about and furthers
jiself in the pr cess of energy fixation. As this ‘energy
flux of suscession’ drives along and causes vast changes in the
microenvirormental factors one might expect certain species
able to tolerate these changes in the enviromnent to shov a
marked variation in performances through the sucnession of
florisiically determinable components of a sere. One
gould therefore use the varying environmental factors to
investigate an delimit the factors to which these particular

species are gsensitiveo



In order to investigate the abowe statements to a
greater extent,; and to try to understand the prosess of
enviromental plasticisation in performanse and growth
the fallowing potentially fruitful line of investigation
15 suggested, It links phytosociclogy with production
ecology and is intemded to measurc the primary produstion
and mineral cycling of the sociological unit and their
component species over their phytogeographical ramge.

To .test the feasability of this agproach it was
decided to study the performanse measured as net acrial
production of two speoies which are characteristio of a
specific phytosociological unit over an enviromaental
grad ie‘axgto

The two speciecs seleoted were ERIOIHORULI
ANGUSTIFOLIUY apd SPHAGNUK RECURVUM both typical
component spesliecs of the OXYCOCCO - SPHAGNET=A, The
envirommental gradient was that created by hydrosexral
succession from open mire cummunities, referable to the
Oxrder ERICO SYHAGINETALIA of the class OXYCOCCO
SPHAGNETEA, to closed mire forest referable to thes order
VACINIO PICETALIA of the class VACINIO PICRTEA,

The method selected and developed was one f "growth
amalysis®’® in the field and will be called

SINGLE SPECTES INCRELENT CROSPING.



THE SUCCESSION  (Summary)
This is;-
OPEN KIRE —7 CLOSED FOREST.

This seems to be the only variable, the seral stages
being edaphically and hydrologically similar, The peat
consistensy, constituents and nutrient contents boing of the
sapw order of magnitude, if not being quite identical, through
the sexal suscession.

The variaeble chosen for imvestigation was therefore
STABILISATION OF THE PZAT SURFACE.

Through this facter the system was bullt up through the process
of energy accumulation in the substrate, and fimlly the
vertical extension of the plant habitat. Through this mothod
of soil comsolidation and vertical plant growth the ecosysticm
was extended vertically upvaxd to a considerable degrec.

There was however no downward vertical extension of the
eoosystem, this being shown by the fact that all the forest
tree roots are to bs found only in the upper 40 oms. of the
subs trate



SELECTION OF SFICIFS.

ERIOPHORUM ANGUSTIFOLIUM - this species is founf throughout the
mire system, and is characteristic of thos areas termed
"transition mires®' (sce phytoscsiology section). Also it
uswally finds its optimal expression in open areas particularly
the ERICO SPHAGNETALIA of the class OXYBOCCO SFHAGNETEA.

SPHAGNUL! RFCURVUM - this species also is characteristic of
transition mires, and is found throughout the mire system.
In a subplementary]to that of FRIOPHORUM ANGUSTIFOLIU it
usually finds its optimal expression in the shade, often in
the VACCINIO PICETALIA OF THR CLASS VACCINIO PICETZEA,



CQPARISONS BETWYEN T'LOTS.
Caloulations;e-

The graphs apd histograms were erected from
information derived from theinitial cropping and weighing
results, which containsd the mean weight, standard deviation
of the mean, standard error of the mean and finally the
standard limit of the mean., Figures were calculated for
all the various orgams of the plants,

Discussion:-

Thz results of the increment oroppings are showm in
table of appendix ;a8 in fig, o lore detailed
breakdowns of the figures are showm in fig.

TFor the above data it may be seen that:-



Area 4

Open Sphagnum lawn community referable to the
SCHEUCHZFRIO CARICRT<A FUSCAE, Here “riophorum
Angustifolium, acting as a pioneer plamt, shows its
poorest performance, peak standing crop being in late Jums,

Peak standing crop grammes pér individual,



Area 2

Peak standing crop is similar to the above, but at this
site there is a more stabilised sphagnum lawn, The stand of
Eriophorum is dense and ome would suppose it to be under the
.effcots of intraspescific competition.

Peak standing crop is not significantly higher than at
site 9, but the peak standing crédp is at least {4 days earlier,

Peak standing orop grammes per individual,



Area L

The Eriophruvm is growing as a shade plant of the horb
layer of a dense pins forest, FINUS SILVESTRIS,

I¢s peak standing crop is significantly greater than at
the other three sites, Also, after peak starding crop is
attained there is rapid and massive loss to litter, nod
shown at any other site,

Peak standing crop grammes per irndividual,



Area 5

Eriophorum is here growing as part of a diverse, mixed
community typical of the OXYCOCCO SPHAGNETEA.

Peak standing orop is here very indeterminate. There °
are indications of an early amd a late pcak which is discussed
in the Addendum on biemmicl pereumnielism,

Peak standing orop grammecg per individual,



CHENICAL ANALYSIS,

The results of the chemical amalysis are showm in
table of appendix , as in fig. o liore detailed
breakdowm and a recombination of the chemical analysis vith
production figures gives the "POTASSIU FLUX'® waich arc shwon
in fig.

Potassium Results:-

In all cases it may be seen that Pot-ssium is removed from
the leaves at or before death. It may be seen as an intergral
part of efficient recycling of this mineral, unless & rapid
‘vash out’ is assumed.

Similar results have besn shown by J. Rieley for
CAREX FLACCA and CAREX PANICTAp also members of the Family
CYPERACEA® with FRIOFHOTW ANGUSTIFOLIUN .

Ref, (J.Riely Ph D thesis (4967) Durmah Univ, Bot, Dopt.)
It would appear that this is analogous to the procesgs of
recycling as shown also by Goodman and Perkins foxr
Biophorum vaginatum,

ref, (Goodman @. T. and FERKINS D. F., (1959) Fature vol 184
PPU67 = L68.)

It is interesting to note that only at site 4 is thore any
significantly larger Potassium content per grammc., This
indicates a bgtter supply of this minzral at the sits,
probably due to nutrients falling as pins needles from the
tree canopy. However, as the withdrawal of potassium from
the dead leaves would appear to be just as efficient at this
site, one would suppose that saturation of the requirement of

the species have mot yet becen reached.



DISCUSSION :-
The techmnique.
The technique of single species imorement cropping has

been developed in order to compare the ‘performamnse’ of
species, measured as mett anmnual production.

The progress curves of the cotton grass with their
remarkably small standard errors and standard limits,
indicated on the graphs show that this is a useful and valid
technique, '

Fig shows the theoretical situation.

Using this techniqueeverything is measured except the
loss to litter, The assumption is that the actual loss
can be direotly obtained by adding any deoreases either in
the deadleaves or dead sheaves, There is no other possible
source of litter for it cammot come from the live sheaves
or leaves in the shoet interval of two weeks betveen
cropping. Any litter must come from the dead plamt orgams.
One fact must be born in mind., Using this technique the
worker must make detailed observations of the plants each
time the site is visited, A good visual assessment of the
growih processes must be obtained, Therefore it would seem
reasomable to assume that any positive increment between
sample dates does actually represent a gain in tissue mass
and therefore a measure of nett production may be obtained
by adding these,

However it must be assuned that theré is no loss from
a particular .raction of the plant if there is a gain
observed, For example, while a fraction A of the plant
is insreesing rapidly it must be assumed that there is mno
loss to B, In fact both processes could well be taking
place; that is both growing and dying proceses will ocour
but the former at a greater rate than the latter so

obviating it in its entirety.
Ther is little or no evifence available however from
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the observations and the experimental data that there is a
constant and massive loss of material from the plant which
is actually masking the amount of production which id taking
place, The observations show a regularised sequense of
GROWTH, DRATH ard LOSS; not a continuous flux continuing ast
a basic level for all three factors,

As shown above the sequence of growth, death and loss
are distinot processes vwhich are accelerated and slowed down
at various parts of the amual growth cycle of the plant,

It must be emphasised that growth is not a continuous
process whose overall cate is changed. It is in fact the
sum effect of a number of sub-cpcrations whose rates differ
at varying but overlapping periods of the year,

It seems reasomable to assume therefore that the
measurements and the calouletions have some absolutemcaning.
They arce used as such within the context of the following

discussion.

There is a further unknown factor. All estimates of
production from measurement of the biomass are open to the
criticism that there is an unknown quantity of dieback
occuring between cropping dates. To minimise this source
of error the cropping dates were as close together as
possible and this was fixed af once cvery foukteen days to
enable the vast task of dissection, sorting, weighing am
the further trecatment of the plant to be colpleted before
the next cro;ping.



ADVANIAGSS OF THE TECHNICUE,

The technique deacribed above has a number of advantages

over other methods, eg the biomasstechniques usually employed,

1) It is a rapid techmigue in that only a few individuvals
are cropped and weighed on cach occasion; rather them the
intemimable sorting ncoessary vhen dealing ith total
cropping of known fixed areas,
eg. WEIGART and TVANS methos using paired plots
Nevertheless sorting of the material still took up a
significant portion of the vhole available experimental time,

2) The setting up of complicated and costly enclosures was
not necessary, for if any plant was founf to be damaged in any
way at all after cropping, it could be and was discardzd.

3) There werc enough (30) samples obtaipable apd obtained
at most of the oroppings to allow at least some statistical
treatment. The most waluable calculations were those of
standard error and standard 1limit. The problems of
producing camparable statistical estimates using the paired
plot technique would ahve been enommous unless a vastly
larger number of workers had been employed.

It is important to realise that one of the few
advantages .f the more time consuming method using paired
plots is that accurate plot production figures are direotly
available. These figures are however ersily cbtained using
the method simply by multiplying the mean individual plant
production figures by the mean number of individuals per

unit area within the community.

L) The growth pattern of the species in each plot cam be
assesss obtained using this method hense rHRENOLOGICAL
I SR¥ORMANCE (performance throughout 2 fixed and named period




of time) of each species within each plot can be assessed,

5) Any chemical amlysis performed will give a direct
insight into the role of the species within its specific
commnity and the mineral cycling of the plant within this
specific habitat community or ecosystem in quantity and
quality (ie different ioms) and in time



SUMRIARY .

This method even though relatively simple %o carry out
when canpared with the °plot’ biomass techniques appears to
give meaningful results for the comparative studies of
performance of species between sites,

Also it ghves the worker the possibility of dissecting
the primary producers of an ccosystem, studying each
separately at first, then following this stage with detailed
study reassembling the eccosystem to obtain results per unit¢
area,

It is argued that sucsh a study as this takes no lomger
tm%musually represents a considerable saving of time when
compared with any of the currcntly used techniques in the
study of primary production.

In contrast to these other, more gemz.ally used
techniques, it appears to yeild much more detailed
information about the makeup of the ecosystem and is
therefore of much greater value to the ecologist.

The method however seems applicable only to the aerial
portion of the plants,




ADDRNDUM .

There is ope further interesting problem in the
interpretation of the data collected on the WRIOPEORULI
ANGUSTIFOLIUM, The species seems $o exhibit the phenomenon
of °BIENNIVL FFRENNIELISIL® which has been invest¥igated and
substantiated by other workers.

Each shoot is purely vegetative for ome year, therhizomes
producing leaves and extending the root system in that year.
It is not until the following yeaxr that the plant flowers,
fruits, apd produses more rhigzomes, Detailed phrenological
knmilédge of each species is therefore essential before the

method can be used,
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APPENDIX I



Prolimimrg SUrveys.

These were compl.icd in the lichaclmass Tora of 196U, and
consisgtzd of two visits to Hoorthwaite ilogs to study tim situation
found thera..

The systea consisted of a doued ambrophilous mire with a
ring lagg in places. The whole was surrounded by arable land
which doubtless contributed minerals ty surface water drainare
and also by dust blowinz. The dominant treec in the wocded areas
was Pinus eylvestris. These were large and sccied to be a nativae
species, probably not naving been introduced. Torards the centre
of the mire tie pino trees vere smaller and moro stinted and in the
middle there were only scodling surrounding a swanpy pool, Tthe
centro of the contripetal bog developuent in the nire Lydrosoral
succession.

At variocus points on the bog surface tiere were ary areas
which may have becn caused by peat cutting in gurrounding areas,
go taking away the surface waters, On these dry areas th. pines
were particularly well developed, often surrounicC iy luxuriomt
heather growth.

Also throuzhout the systen there were 5unnels s these wore
provably richer in nubtrients than the rost of the surfacc for
here espccially Criophorum angustifolium grew very vigorously
in the rich daup conditions.

It was notalle that L. angustiiolium and Sphagmun recurvuim
grew in all the habitats. These spocies were sclected for further

study in the comparison of the gnyjromontal conditions.




In the Cpiphany Term further vicits werc mado , uater

" samplés taken and a provisional acsociation table drawm up.
rom this it can bo socn that the two indicator spscics selected
wero tho two most cacily studied oi the wide-ranzing species.

later on a different, expandcd ascociati mn vable was
drawn up.

Also, cpecimens were gathered from various habitats to
compare the slzes to wanich irdividuals of the sanc spocics grow
under different shade, water flow (ard nutricnt?) regimes. It
was notatle tizal Eriophorum angustifolium grew avout 1 motre
hirh in the woéds vhers it occurred and perhaps only 20 cms. in
the centre of the miro near the pool. The growth forms of
individuals of Sphagnun rocurvum vere also noticeably different
in the several typss of habitat, boing longstemmed, long leaved
and veakstemmed in the wetter areas and gradin;; iato a moro
compact and sturdy type where drier, also beins darker grecn
in shaded areas.

Similar changes could be scen in Pimnugs silvestris, Erica
tetralix and Calluna vulparis, all belng mewbers of the wide-

ran;ing group of spocies.







Plan of tho Investigation.

yrom the preliuizary investiration a muior of Interosting
facts were discovercd, some very obvious but ronstheless still
pertinent to an investi ation.
1) The area was a mire, thorsforo wincrals available to tle
plants were found im tiz ground vater solution, resuably
the nutrionts in thoe poat worc not available to s plants.
Becausc of this contimous ground water system tho concentrations
of the minerals would be quite uniform, free flov of ions boing
posgible., Therefore any deficiency of ions inm on arca would bo
imwdiately buffered by a gimilar intlowy fron olccuhcre.
2) The flora of the mire varieu acrocc it. THIre WCre
presumably ecolo iczl gradations causing tkic:-

(a) Variations in the mineral coatent ol th s rzond uater

over large areac ( the deductions from 1) boia uresunnbly

linited Vo a relatively cmall area.

(b) Variations in the advancement of the ecolo ical succession.
i. tomtrinctal boz developument is occwrrin, and go ioraing
tuo raised orbrophilous mire - tha main recvltant of this
being shace .variation, tut also in the do:zac of wobneco
of the substrate c.:. the pinsucods vors éry underfoot.

ii. Hurzock Hollow bog dovelopment is also taliing place.
There is thercfore in the wideranging spoeles a considoratle
toleranco of varied conditions., Cradations in tho systen can o
casily secn and are 1 - Het > ey
2 - élmded'-)()pem
Thig is not very (3 - Mutrient rich >'ubriont poor)
apparent

) o\)
ly - Flouing LT%?::rkrater 2> still grardwator

o




The purpoce oi the investigation was thereiore to find how
the performance (nutrient & trophic dynmics) of theso two
species varied 'a.vi"c.h' their environment, The cteps in the
investigation could tiereiore be cnumdrated thus.

i) Descripfion of tho vegetation and cemarcation of associations.

2) Recordin;; the euvironzental factors.

3) Investigating tho numcral uptake and enersy fixotlon of .
individuals of the two species in namad asscciations

and deoscribad conditions,

Step 1had alreacy bcen accomplished in the prelimincry
investigation.

2 consisted of

a) Recordin; weckly rainfall andits analysis to find incoming
mitrients,
b) Analysis of rround water at various points throuhout the

system. .

¢) Using controlled and cultivated plants as convrol.

The »nlants vscd should preferably be vory ncenotypicaily

variable and of & genetically idemtical ctock. Flants

chosen were ialsaw - Impatiens balcanmfera var. "Camellia
flowered double finest mixed" the only varicble was the
amount of anthocyamis in the petals causin; variation in
flower colour from indigo to white.

It vac Gecided that at cach cropoing station, situatéd
in a defined commnity the tollowiny control staulon cshould b

‘sct up. see Iig.

Each croppin; station consisted of vie solioin &~




1) Two seca trays, with drainage holes, of vcriculite
down sritn Impaticns on 2uth. Lpril, 19€2 rrown in a
greconnouse for two days to induce perzinublon, YWhoce
vere placod im position on 30th. Azril for croppiny ab
monbhly intervals., Thinned .

2) 9 x 10 ca plant pots of vcz*nlicuiite som ulre
approxinuiely four Impatiens seeds eaci: oz the 25th,
April cud placed on the bog in a &y arca Lo allow
geridnation, then placed in position on tiz Tth. Ay
while placed on the Log to remidnute the; uere coverod
with periorated polyvhenc to conserve noisturc and to
retain heat,

3) 9 Individuvals of Im.atieng growin_ in the native peat,
Originally these were planted in a seod tray of veraiculite,
as were thosc in 2) and treated similarly to thca until
Tth, kiay when planted ocut into the native nval aiter
removing nost of the vermiculite fron the roots.

) Svm\,s. These were dug on 30th. ‘pril to collcet grouxd
water for analysis,

Plants in 2 and 3 were to be cropped one & wcek for nine
weeks removin. them in the order 5, 1, 3, 7, 95 2, v, U, 6.
XXX XXX XX oXo oXo
XXX XoX HLeX XoX XX

XXX XXX XXX XXX e 2 X




ishen croppod tacy were to be troated as tho cother test
plantSo
3) Consisted of analysis and bomb calorimstry

ile can thereiore draw a flow dia; ram of the methodology.
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CROPPING,

In situvations whexre herbivore animals are not important and
where a steady static condition is never reached, the harvest
method can be used, Yeighing the growth produced is straighte
forward; the productivity 1s easily calculated., It is better
to take harvest samples at intervals during the secason than to
rely on a single terminal harvest (sce Penfound 1956;

E.P.Odum, 1959). Such a method cannot be used where tho food
" produced is being removed as it is produced, as it is in many
natural commmities, other methods should then be used,

Since food used by the plants themselves is not included,
the harvest method always measures net produétion.

Ref: Odum Fundamentals of Ecology 1967.

As far as was ascertainable from brief looks at the wire
system it did not seem that there were many herbivorous animals
and certainly none that could be excluded; @.g. rabbits, volcs,
mice, deer.  The methed used to study the system was therefore
the harvest method,

Eriophordm

A ninimm sample was found from previous exparience of
. cropping this species by other workers to be akout 30
individuwals. Accordingly for cvery cropping 30 plants werc
dug up mndoml‘o . This was done by starting at one edge of the
plot and marking out a 50 cm. band across it. The plants were
then dug up with roots and all dead leaves attached, proceeding

across the strip and digging the next plant encowntered. .




The plants were put into polythene bags, laballed and

taken back to the laboratory.

Sphagnum recuzium,

1)

2)

3)

b)
5)

Several methods for cropping this plant were tried.

Random sampling of, e.g: 100 plants - discarded because

1t did not provide for any increase in height of the plants
with growth in weight., There was no fixed point of
reference..

Hair net - to prevent loss of light energy by any cearsor
material - increcwent « broke down - woss pushed up net.
Fishing net « coarser and stionger - but still the moss
pushed it up « light loss due to cearsencess of material.
tire netting » zinc « killed moss.

Fixed area live growth cropping - this proved to be ruch
more satisfactory and allowed larger and thereforc nore

valuable samples to be taken,
W Jor  wo wethod  wag g““%‘di"‘g‘ Resulls  were
fhen B W dad aek vsedin s wesf‘ﬁga{m




TREATIENT OF CROPS,

The plants when obtained were put into labclled polythenc
bags which were returned to the laboratory and trcated in the
following manner as soon as possible.

1. Taken out of the polythene bags and separated from cach other,
2., Dissected into the component parts, 1) green leaves, red leaves,
11) non grecn living leaves
and sheaths.
see diagram 111) dead leaves.
1V) dead sheaths.
V) roots.
V1) flowor stexms.
V11) flowor heads.
3. For each plant these were put into soparate collophane bags.
These were put into a small brown paper bag and these in turn into
a larpe labelled brown paper bag.
L, The crops were then dried in an oven at 80°C for 4€ hours,
it had been found that drving at 105°C dries off 1lipids as ucll
as waver,
5, Constituent plant parts were weighed and the resulto
tabulated,
6. All the similar constituent parts from a cropping, e.g. all
flowers from an area, were put into the cellophane bags for storage.
7. Samples were milled and restored and beforec "bombing" were

pressed into pellets of about 1 gram weight.




8. The cnergy content per gram of the constituent parts were
found by bomb calorimetry. From these results the total calorics
per plant and thon per cropping could be found.

9. Nutrient content wes found by acid dipestion and mineral
analysis, From these results the total hutrients por plent and

per cropping were found,




Bomb Calorimetry.
Introduction.

The classical methods for dotermining the calorie valuc of
foodstuffs are both long and tedious, and a nurber of alternative
methods have been suggested for assessipg the énergy value of
foods based on an analysis of the foodstuff and the use of factors
with each of the chemical components to give energy content. HNoae
of these methods is really satisfactory, and when a high level of
accuracy is required direct calorimetry must be uced.

The adiabatic methcd used by Raymond, Canavay & Harris (1957)
reduced the time taken for a determination to appraximatcly 30 min,
" but tho equipment is complicated and expensive., A fundarmontal
foature of this and the classical proccdure is that the auantity of
heat produced is msasured by a cmall rise in temporature of a large
mass of material, resulting in long equilibration tires and tho need
for great accuracy of temporature mcasurement,

Description of Apparatus,

The vessel consists of two main parts, the lower portion being

the receptacle for the complicated upper portion which is in recality

the main part of the borb,

a

Externally the uppsr portion has two protrusions, one for the
insertion of the thermocouplc terminals and the plugs for the
electric firing when the bomb has becn placed in position, and the
other for the admittance of oxygen and relecasec of waste gascs.
This latter part has a valve to prevent loss of gas waile the

experiment is in progress.



Internally the uppsr portion has two "arms", cach of which has
a hole in which to place the ignition wire of standard typo and
length, (5cm) and a fastening for each end of the wire, Black
cotton of standard type and length (5 cm) is used to join the
sample and the ignition wire.

One arm of the apparatus has an oxtensicn on to which is
fastened a housing to contain the removable crucible and its

The two main parts of the bomb are held togethor by moans
of a brass-threaded collar and the rubber '0' ring provides a gase
tight seal.

The bomb is places in the inner wmter bath in its niche., The
insulating 1id with the therméwmoter on its housing is swung over and
lowered into position,

Hethod of use.

'Samples for combucion are placeef in a2 crueible of 5 ml
capacity located horizentally by a ring. Ignition is effccted
by means of a short length of cotton one ond of vhich is ticd to
the platinum filament and the other placed in contact with the
sample,

The thermocouple is of coppsr-constantan, the junction bsing
soldered to the tip of a spring-type wandersplug; the comnecting
wires pass down through a hole drilled through the spring.

The thermocouple is connected to a galvanometor through a sorics
recistance which turns on a heater in the outer bath so preventing
the loss of any heat by maintaining the outer bath at an identical
temperature to the inner bath. The inner bath and the outer arc of
distilled water to prevent the thermocouples from registering any

current.




passing, and so turning on the heating when the baths are at the
same temperatures,

The apparatus has been calibrated to work whon the immor bath
with its container weaigh 1500 grs. The apparatus must be
envsfully shielded from draughts, The bomb is imscrted and the
apparatus switched on and allowed to equilibrate at a temperaturc
about 21°C and the initial temperature is read., Tho currcmt used
to ignite the samples is controlled by means of a clockwork time
switch, which opsrates for 15 sec, so that the heating effect of
the ignition current is always the same, The tomporeturc rise
due ¢to it and ¢to the burning of the cotton fuse is determined
separately, and subtracted as a 'blank' from the peak galvanomater
reading.

On cambustion of a sample, the temperature of the bomb in tho
region of the thermocouple rises rapidly to a peak valuc and thon
.falls off, rapidly at first as heat is conducted away through the
walls, and then more slowly. This causes a rapid initial rise in
temperature shoum by the Beckmann's thermometer, which is rcad by
_an eye piece, and also by the "heating" light switching on and off
rapidly. Later the temperature rise rate slows wntil 1%
equilibrates and the final tempergture is read off to three
places of decimals as is the first temperature reading.



Oxygen filling system,
This includes a needle valve and a pressure gauge which has a

safety front and a blowout tack, Unien fittings are provided for a
nylon oxypen supply tubc and a nylon bomb filling tube, A hand
tightening union nut with a toroidal ring is used to secal the
£i1ling ¢tube to the boub,

Acouracy. (Proc. Nutr, Soc, 1964, 23 ooevid).

Current experimental work on the dietary energy component has
afforded the opportunity to make a comparison betwcen the rapid
devermination of gross cnergy values of food and facces using a
ballistic bomb calorimeter and those detoimined oa the more cone
ventional static bomb calorimeter. The summarized data from over
600 determinations ave given in the table to illustrate the
repeatability and relative accuracy of the two mothods.

%of determinations with cach
accuracy range,

% accuracy between determinations 1% 2% 243 3%
conventional calorimeter - duplicates 16,7 50.0 100.0 -
ballistic calorimeter - duplicates 34.0 63.0 73.0 78.1

- triplicates 8.0 92,0 96.1 98.0
When duplicates of each sample are taken for analysis 507 of the
duplicate determinations are accuratc to within 27 of each other and
all are within 237 when the conventional bomb calorimoter is used;
63% of duplicate determinations on the ballistic bomd calorimster arc
accurate to within 2% and 73% to within 24%. lith a further single
determination (i.e. triplicate determinations) a 2% accuracy can be
obtained with 92¢ of all samples examined. The range of




variability .obtained with the ballistic bomb calorimeter is only
slightly greater than that cobtained with the conventional
calorimeter, and against this must be offset the tiws factor since
it has proved possible to complete twelve determinations/h with tho
ballistie bomb calorimeter compared with one/h on the conventional
bomb -calorimeter, Using the ballistic bomb calepimster tho above
patterns of repeatability were virtually the same in date from three
separate trials with difference operators and with samples from pig
and poultry trials., Owr findings with regard to the proparation
of materiale are in agrsement with those of lidller and Payno (1959)
and Sibbald (1963) that determinations on fincly powdered
preparations are far more accurate than when pslleted.

Posgible sources of orror.

Variaticas in oxygen pressure. Over the range 300=5001b/in®
the peak deflection/keal liberated was found to be the same, Below
300 1b/in? the time taken %o reach the peak temperature vas
extended and below 200 1b/in® combustion was cbviously incomplete.
For these reascms, and in accordance with other methods 40O 1b/4n®
(25 atm.) was selected for routine operatiocn.

Variations in initial temperature, Since the peak
galvanometeor deflection is a measurement of temperature difference,
it seemed unlilkely that omall variations in initial temperature
would be a source of errors For normal usc the initial
temperature of the bomb casing was about 20°, ‘hen samples were
being combusted at short intervals it was achieved by cooling with

tap water.,




Summary

1. An adiasbatic bomb calorimeter is described, which enables
three determinations to be carried out in an hour with an accuracy
as good as with most methods, Tho characteristics of the bomb
were investigated and the choscn operating conditions were at an

oxygen pressure of 400 1b/in>, an initial temperature of 20%; with

a sample weight of approximately 1 g.
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Hollow-Humnock Gyclo.

Raised bog wojetation is mised, lilke that of blanlwot bog,
and contoins nest of tho same speeies, but thero is a gomotic
sequonco, or rother cerics of scquences, im Uie layers ol peab
which have built up tho tos;. Uhen the Yoy has leon raised on a
substratun of fon tho louer layers of tho peat rocord tho
structurc of the fen, cnd sbove this como successive cycles of
different kindc of bog poat, The existen:c of tkeso cyelos
depends upon the fact that the surface of a toj ot any ¢dven
time is not uniform, btut consists of alternating hummocks and
hollous inhatited by differont spocies. The pech at the totton
of cach holloy is built up by the vesctation in ¢in natural
process of autogenic succession until it forms a now hummoek, the
surfaces of tho adjaccnt pre—e::i.st;im hunricelis which have svoppcd
grovin:: thus coming to occupy a lowver level tinn the mow hwnceits.
The old nummoclke thus become the sites of nowr holloys, the old
hvmmock vosctation dies, and is roplaced by opecies charactoristic
of hollouys, these in their Yurn giving way to ncs hummock formors.
Thus the structure of the poat of a raised boz is lenticular, cach
lenticle represcenting a camplete cycle of "hollor-hupmocl®
develognent, and all tho phagses of the cycle are ropreconted ab
any given tiae on the surface of an activoly rrering bog
(vrogonoretion conplex). The lenticular structure can bo clcarly
seon in vertical soction of tho peat. The story of raiscd bog
development was first vorked out in detail by Osvald in his

classical paper on the Swedish boz "Komossc!, and the Irish raised

bogs are essontially similar, thoush some of the species are




different.,
Bolow are lists of the spccics occurring -n uifferomt
stages oi the "hollou-humaock! development on & t7pical raiced

bog surface south o: ithlone, in the widdle of tho central plain,

L S.cuspidatum

——— - °

Fic. 189. DIAGRAM OF THE SUCCESSION OF SPECIES FORMING THE PEAT IN
A TYPICAL “HoLrLow-HuMMOCK” CYCLE (REGENERATION CoMPLEX)

Vepetation of seral stages.

Stare 1, Seui-aquatic Sphagmua piese - uob holicu:
$phagmun dusenii® d ELhyncuospora 2lba o0
Eriophorun angustifolium o
+ Tho dominant smecies of the hollous io
gonerally S.cuspidatua,
Sphagnum cyrbifolium and one plan % of Narthccium occurrad
along the mar;in.
This commaiby is increasingly colonised by vascular plants,

spociec of scmi-aquatic bog moss reaaining domirant in the lower

layor; and tius develops into
Stage 2. Rhynchospora phase - hollow.

Runynchospora alba 4 Iriophorum vaginatun O




Nartheciuwa ossifrasun £ Gaycoccus palustris o

Erica totralix £ Sphagmn cuspidatum d
Andromeda polyiolia o S, tonellum £
Callunn vulcaris o Ilepidozia sp.

Drosera an:lica o Cladozia uncinalis o
Ds rotundifolin o

Stage 3. Harthecium phasc - hollore

larthecium tends to assume dominance at the cxpense of
Rhynchospora, while the semi-aquatic Sphagna and other spocies
retrogress.

In this stase the folloring list was made.

jarthccium ogsifragum d Rhynchospora alba o
Erica tetralix £ Scirpus cacapitosus o

Andromeda polyfolia o] Sphagmin papillosun £

LUrosera an lica o] S. rubellun o]

D, rotundifolia o Se tenellun o

Eriophorum vaginatun o lcepidozia sp. o

Calluna vulgaris o Kantia sp. o
Stage b, Oallum - S.phagnum rubsllun stage.- active phace of

humnock forpation. In this S, rubcllum rapidly assumos

dominanco in tho lover, and Ca.lluna in the upper layer:

Calluna vulgaris d Oxycoccus palusiris o
Lrica tetralix £ Ithynchospora alla )
Eriopnorum vazinatum £ Sphagnun rubeilun d
Antromeda nol felia o LEypnum schreberi. o

pDrosera rotundifolia o iantia 52 o




triophorun angustiiolium o ylia sp. o
Farthecium oscliragum o]
Stago 5. - Calluna - Cladonia stage - last stase of hummocls,

in waich the Sphasna have lost dominance and ave Gying.

Calluna vulparis d Cladonia sylvatica a
Erica totralix £ C.uncialis 0
Eriophorum vaginatum f Sphasnum pubellun ) £

Es angustifolium ) S. plumlosum ) but
Andrompda polyfolia o S. tonellum ) dying
Narthecium ossifrasun o Kantia sp.

Qz:ycoccué palustris o Riccardia sp. a
Scirpus caespitosus o lepidozia sp.

+ Sir A.G. Tansley. The British Islands and their Vojetation.




APPENDIX III



INTRODUCTION

Forewvord

-The choice of the Cumborland Lowland offorcd the
possibility of allowing the invostigation of the significcnco
of the Scottish Readvanco Gleciction and tho chronolozy cnd
extent of the post=Glacial marine transgrossion androgression.
Moreover, the history of human sottlement of tho arca is
comparatively simple;

0f the parts which follow this introduction, thrce
are devoted'entirely to the presentation of factual
information together with the minimal interpreotation vhich is
necessarily implied in the very zonation of the pollen
diagrams, The next part presents data from sitcs:associzted
with chenges in land and sea level and goss on to discuss
the chycnology of thess changes., The final three parts,

which are of a more spsculatiwo nature, strive te intorprot
these data in torms of tho ©ological history of thc rogion
and t o derivo such conclusions as seem valid about the.
geographical processes, climatic changes and history of
human settlement.

All tho work on which thils paper is based was
carried out botween 19%9 and 1961 whilst the author was a

mombar of the University Sub-department of Quaternary Roscarch,
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Cambridge. Any valuable coniribution whiech it ooy eontein
is duac to the eonstagt_help and guidanco of Profesgor Herry
Godwin, F.R.S, and to tho a uthor's colleagues during that
time, particularly Dr. A.G. Smith, Dr. R.G. Wost, Dr. E.H.
Willis, Dr. F, 01dfield and Miss R. Andrew. Tho help givon
uy Miss C.A. Lambart is acknowledged with especial gratitude.
In the early stagoes of tie work tho adviece of Profossor S.B.
Hollingworth and of the latc Professor UW.B.R. Fing was of
inestimable value. In the’ field the work was groatly.
-facilitated by the roady cé;operation of the landounors on.
whose property it was carried out and by thosc who holpod
either physically or with good advice, amongst thom Dr.

D.A. Ratclifie, Dr. B, Seddon, Mr. B. Blako, Mr. W.H. Alp,
Miss K.S. Hodgson and Miss C. Fcll, Mr. H. Guathor amd Mrs.
Cs Daniel dreis the maps forthis Intzoduction and F7e L.
Pancino prepared many of tho other diagraﬁso 7o all of those
the avthor is most grateful, but his greatost debt is
undoubtedly to Mr, E. Blozard, Curator of Tullic House Muscum,
Carlislec, whose daepth of understanding of Cumbserlond natural
history has been an imspiration to many end whose porsomal
interest inthils work has so often revitalizod the author

vhen his enthusiasm has flagged.

BAPHY _AND GROXQGY OF THE

The county of Cumberland lios in the northsvost

corner of England, betwveon the Pennine Hills and thé 868y



. ' o o
from about 5% 10' I on the west coast and S5 40" I inland

m3=

near Penrith to 550 o* ﬁ at the hoad of the Solvay Firth and
550 15' N in the northecast vhere it meets the boundarios of
Scotland and Northumberland. In the north-cast of tho
county the pigh Pohnines Join ¢the Southern Uplands of
Scotland and the greater part of the south-vest is oceupiled
by a part of the mountainous English Lake District (or
Lakeland Hills). Between these two blocks of highground
the Riwors Caldew, Petterily, Eden, Irthing, Lyne and their
tribut@ries drain wido lowland valloys into tho hoad of %the
Soluay Firth ncar Carlisle; The lowland extonds southe

| wostuards from the Carlisle district around the edge of the
Lake Distriet Hills narrowing to about 1l.5 km (7) nsar St.
Bees Head and t 0 less than 1,5 kam (1) farfhcrsnutha

The Cumbsrland Lovland, as the tern is uscd in this

papér, is arbitrarily definéd as that part of tho area
described above which 1ics below the 230 m (750 £t.) contour
of altitude and excluding valloys below that lewsl but loss
than 5 km (3) wide, Betueen the Lake Distriei Hills and tho
Pennines, the county boundary with westmorian69 vhich thoze
runs along the Rivors Eamont and Eden and Crowdundalo Boek
(about Sho 4! N), is used. The northern boundery lies
along the River Lyne £ rom the Soluay Firth to Bewcastlej thon

south-south-castvards across the River Irthing to Decnton Foll,



thereby excluding the upland mocrland areas of the Irthing
catchmont and the Tyme Gap. Thus defind, the’Cumberland
Lovland forms a croscent the arms of vhich are %h@ coastal
strip and the Eden-Potteril valloys, with a slight northe
eastern oxtension. I% is the south-eastern part of a moxro
oextensive, more natural, unit which irecludocs all the lov-
land bordering the Solway Firth. The central arca of tho
crescent is frequently referred © as the 'Carlislo Plain',
tho eastorn arm as 'Eden-side’ and the westorn arm as the
Tgoastal fringe's. The hills which border so much of tho
region rigse steoply from the 230 m contour, orHom just below
it; except in the district immediately northsuest of Pomrith
vhere the tract of Carboniferous Limestome rises gontly
westwards t o the foot of the ssteeply c limbing Ordovician
hills,

The Cumberland Lowland contains fev strilkiny
topographic featurestviidch aro not'ascrihable to drift depositsy
either Glacial or post=-Glacial in origin, The River Edon,
however, hascarved deeply through the drift and 1nto the
underlying sandstone creating & gorzo along soweral miles of
its courses On oach sido of the rivor the sandstom
oceasionally rises above the 230 m contour, as at EKipg Ha:ry's
Common (24Om) and Lazonby Fell (2k5m) but thoso'islands® of
higher land are nmever more than 2 km? in extonts In the

south-vest, the normally gentlo mecting of the coastal fringo
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with the sea is broken at St. Beos Head by a blogk of sand
stono about 13.5 kmz in aroa rising ¢o 147 m 0.D. forning o
cliffed coastline 91 m high and about 5 ka long.

Apart £ron these features; vhere the solid reoclk is
exposod or coverad with a thin laysr of sodentary soil op
peat, the whole rogion is ghroudod in zlaciel drift which
in @urn is partially covored by p@staGlaeié.l dopositss.
Trotter and Hollﬂ.ngwart.?;l (19322) have comparod thescgucreeo
of glacial drifts in the rogion with that in Southern
Scotland (Charlesuorth 1926) and in Northumbsrland (Smythe 1912
and haw suzgested corrclations with drift sheets elsevhore im
England, Smith (1931) correlated the glacial cpiscdos of
" Cumberland with those of the Isle of Mam, The genseral
sequance of_‘ rlaciations and interglacials devolopad by these
;uthors soems to hawvo boon generally aceepted (Charlestrorth
1957) in spite of the contrary vieus of Carruthurs (1939,
1947, and in Hollingworth ot al, 1950)

Anc arly glaciation of Scoitish origin (tho Early
Scottish) hasboen proposed to account for the ogcasional
outerops of boulder clay balovw the Maln Glagiation drift and
soparated from it by laminated clays; as at Laanguathby
(Goodchild 1875), or sand and gravel; as near Whitohaven
(Bastwood, Dixon, Hollingworth & Smith 1931), This early
boulder clay is usually deeply weathered andrich im Scotiish
erratiecs. It is to this glaciation that ¢ho transport of
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Lake District rocks to the eaét coast of Efgland via tho Tym
Gap (150 m 0.D.) is a itributed together with the pilinz of
ice around the Isle of Man. Thesc distributionscan only
be explainsd by aSéuming a great reservoir of ice in tho
northern part of the Irish Sea which flowed outwards, ovore=
topping the Lake District and forcing ice up the Eden Valloy,.
The xﬁelting of this ico is documented only by grawscl, sand
and lamimated clay in isolated OCCUrronces indicating thet tho ico
certainly retreéted from the lower grouwd. But tue only
evidence for a t omperato climate Lolore tho onset of the next
g_lac:lal phase is at ooth-vof ox found in sand b encath Hain
Glaciationtoulder clay near Appleby (Dalyyns, Tiddeman &
Goodchild 1897). Sinco it is mot known vhether Eavly
Scottish drift occurs bsneath thnissand, this cvidemse indicatos,
at the most, & climate toldrable by this animal at any time
bsfore the onset of the Kain Glaciation., There is therefore
no eritical evidence for an interglacial period inthe modorn
sense of thorterns (West & Godwin 1958; Jossen & [iilthers
1928) between the dposition of the Barly Scottish drift and
that of the Main Glaciation. |

At the onset of the Main Glaciation, ice ~oved
outwvards from the Lake District Hills on to the coastel frirmgo,
the Carlisle Plain and the Eden Valley. Ice £from Scotland
defléctéd the i1orth-bound Lake District ice weostwards around
the northern fringe of the hills and southward down the wost




coaste The ice ponded up in EQGnside oscapod over Stoinioor
(440 m 0.D.) and Grayri-g (260 m 0.D.) and across a col into
the South Tyme valley at 570 m (1900 ft.) 0.D. T
distribution of erratics suggests thet the ice in tho Edon Vallgy
during the maximum of the Main Glaciation sfood about 760 o
above present sea lewol and only the highést of tho
northern Lake District pecks can have oscapad glaciations
The absence of wgll-murked frontalmoraines in the refion and
the wide distribution of kettle-holed sand and gravei drift
sugegest that ¢t here was 1little intermittent forwvard movemnt
during the general retrecat from the Main Glaclatlon, czcept
in the case of the Gosforth Oscillation (Trotter; Hollimgworth,
Eastwood & Rose 1937), but that the ice melted more or less
in situ from its shallower edges northvard tovards Scotland.
Aftor the ico had vacated the pegiony, there vas a
meparate readvance from Scotland onto the Carlisle Plain end
the coastal lowland kmowvn as the Scottish Readvanco Glaciction
(Trotter 19293 Trotter & Hollingworth 1932a). Tho distinct
and separate nature of this glaclation depends on the
‘evidence of largo areas of sand; gravel and vatcr-deposited
clay of the retreat from the Main Glaciation wpich are ovorlaild
by and partly incorporat@d into an overlying bouldor clay
containing Scottish erratics. The tino interval botusen tho
two glaciations is unknown but must have been long enough for
the withdrawval of icg north of the Solway Firth and the

acconulation of considerable depths of varved clay lalor over-
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ridden by the readvancing ice (e.g. at Linstock Castlo, Lemercost)
A peat bad exposod bzneath supposed Scottish Readvanes bouldor
clay south of St. Boes Head and from vhich plants of
temperate modern distribution were recovered (Bastwood ot al,
1931), is not now availeble for study. Similar deposits in
the same ¢liff are not covered by boulder clay anddato from the
late-Glacial and post-Blacial poriods after the Scottish
Readvance (Walksr 1956). It is possible that the bﬁulder clay
above ths originally dsseribed poat was not in 1t prinsry
position and that the plahts contaired in the peat wore thorse
fore no indicetion of conditions during the Main Glaciation -
Sco.tish Readvance interval, The Readvence wvas probsbly
rapid and of short duration., Only a fev drumiins werc forrad
and preaexisting drumling of the Main Glacie®l om were only
slightly modified. It loft no termiral moraino but, at its
maxinum, the outfow of the Eden andedjacent r ivers was blockaed
by lce and the lake so formed drained eastwvards for a short
period through the Gilsland overflow at 133 m 0.Do In the
earliest stage of retreat the level fell to 121 n 0.D. and
drainage was westwards to the Irish Sea. Although the stageéi"
of its retreat northwards are well documented by overflow
chennels (e.g. Hollingworth 1931), the éutwash fans aroc small
and the strand-lines and notches of pro-glacial lakos werc
impersistent. These features suggest that the ico tas
rolatively clean and that it melted fairly rapidly.

There is evidence, therefore, for threc invasioms of

the region by ices the Early Scottish Glaclation, the Main
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Glaciation and the Scottish Readvance., The Main glaciction
is undoubtedly a part of the Newer Drift Glaclation of Great
Britain and there 1s little ovidence within tho region of
the length or climatic character of the intervals bofore it
andbatveon it and tho Scottlsh Readvance Glaciation.

The mainevent which has czasiderably modified tio
topography left by the melted ice, apart fmm lccal
soli:f‘:l.uu."'i:ibm9 soil crcep, etc., hasboen the inundatiocn of the
coastal arecas by the ssa and the consequent modification of
the river valleys, particularly in their lowor roaches,

_ The river systeoms draining the region must havwo bson
affected by these changes in base lovel, at least im their
lower courses. During the carly period of low relative sca
level it is probablg that the rivex_’s excavated guitedsep valleys
in the soft drift lowlands but, with the rising sea; theso
valleys would be £loodsd and the trarsporting pover of the
streams diminished. A multiplid ty of t_erraees exists along
nost of the river valleys but, although those at simller level
have bsengrouped for case of mapping and description, it is not
possible cortainly to ecquate any riverino stage vith owonts
on the coast. Ignoring the uppormost group of torraces,
which are restrictod in distributicn and probably of latce
Glaclal date, alluvial terraces are well developed up to about
110 m O0sDe in the Irthing valley, about 60 m 0.D. on the Golt
and about &5 m 0.D. on the Eden, but hardly exist on tho Rivers

Ehen and Irt. The development of terraces clearly &Bpsnds
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on a complex of geographical factors, amonst which tho baso
lovel, ropresented by thc sea, is only omo although a most
inportant one in the estvraries. Novertheless; it ig useful
to note that at no time during the post=Glacial period was tho
area of riverine flcod plain more than twice its area ot tho
present d ay.

The hollovs in the glacial drift are invarially partly
filled with sand and grawvel, but mary also contain pesat bogs
(e.g. Hayton Moss, Moresby Moss, Hallsenna Moor) or fonsg
(Bigland®’s Moss). Large bogs have d evelopod on somo of tho
marine &epasits near the edast (c+g8. Bowness Cormon, Hedhomn
Flowe, Sa.lfa Moss) and smaller ones on &ssociated river
alluvium (e.g. Pov Beck valley, St. Bees). Some of tho lowor
drift hills carry bogs vhich are tdully ombrogenous (G.g.
Broomhill Moss) but the main sproad of Pennine blanket bog
doss not extend far below the 500 m contour, although on the
~ western margins of the Lake District fells it is not unco=mon
dovn to 300 m 0.D.

The nature and distribution of these varl ous supers
‘ficial deposits allows the Cumberland Lowland to bo d ividod
into subregions.

The first of these lies botween the River Pettoril
and the foothills of the Pemnines, ineluding the Bden Valley,
Here the topography is brokons there arevery feuv arcas which
are even moderately flat. The dominant topographic unit is
the steep-sided hill or ridgo, separated from its neighbours

by deep, narrowy chamnels in which the drainage is oftoen
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impeded, There are also many conpletoly enclosed hollous
of a variety 6f depths and sizes but all with steop banks.
A 1ittle solid rock, mostly coarse-grained sandstone, oute
- erops &t the surfaco. Tho hilltop soils aro light, leachod
and covered by a mor humus vhere they have escapad
disturbance, In the hollows has accumulated nuch of tho finer
grain material fmo m above, althgggh; even so, the soils aro
but rarely clayey. Many such ioealities are peropnially
waterlo_ggad° ' Between tnese twé contrasting situvations aro the
stesp, unstable, slopss.

Between tho River Petteril and tho sea, bounded imn
the southswest by the River Calder, lies am arca of quite
different topography. Extensive, 10 lling, boulder clay flats
are cét by steep-sided, wide, meandering channels, uusually
flat bottomed and containing misfit streams, Littlo, if anmy,
so0lid rock reaches the surface, 82ils are heavy and ovorall
drainage is poory, with a strong tendency tc fon developuent
in the valley bottoms, Somm of the channols entein syifter=
flowing rivers or streams wanich havedeposited alluviua along
their banks, Although undistrubsd soils are now very rase,
in the few profiles observed there is strong e videncs of
leaching in the uppormost metre but no sign of podzol dewvelop-
mente

South of the River Derwent, the third arca has
characteristics intermediate b etween those of tho other tuoy

than oither ofwhich it is much smaller, Small patchos of
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solid rock, mostly limestone and sandstone, frequently occur

at the surface., For the rest, broad sweops of bouldor cley
are punctuated'hare and thero by small, sharp=featured,
patches of sand and gravel, = Drainage is good, oxcept on the
larger boulder=clay tracts. '

These last ®wo areas are m@§h more suscoptibleo ©o
wind biast from the south-west ;nah is the first. Therc ds
no significant rainfall gradiont across the rogion and, oxcept
for the wry édge of the coast, snov lies almost as long im

the west as the’ east.

The Polien Diapramsg
Where the éite condition alloweda series of sanples

for pollen analysis were only made after a thorough
stratigraphic investigation of the depositso This investigation
was intended primarily to allow the reconstruction of tho
processes of aceumulation at the site, Tho stravigraphic
data 1tself was frequently ofd irect value in assessing
ecological changes in and around tho sites One serios of
samples was mllected at t he site from the point whors the
longest and least interrupted history of accumilation was
expected and vhere vegetation changes of the most scverely
local kind were likely %o be poorly represented.

The vertical interval of sampling, much of which vas
carried out with a Hiller-type borer, was detoriainod partly
by considerations discussed below and partly by the suspectcd
rates of a eccumulation of the various materials, Particularly

close sampling vas usually carried out around major
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stratigraphic breaks or horizons of special archacological
or geological significanco., Only vory rarely did tho
vertical interval b2twesn samplos oxceed 10 ecm., Excopt im
special casos tho vertical thickness of eééh samploe. vas
restricted %o 1 em, All samples vorc stored wet anc proparcd
by treatment with dilute potassium Lydroxide Hllowed by
acotolysis and chlorimation. The pollon grains wrae thon
stained and mounted in glycerine jelly or glyecerimd. The
dobris sieved off after the potash masceration vas examincd
and rough assessmonts made of the abundance of tho various
identifiable and unidentifiable consituents. These rosults
are presonted with the pollen diasgram and provide another
valuable control on interprotation comparable vith thet of
the stratigraphic recorde.

A pollen spsctrum 1s a good estimate of the actual
pollen content of a sample only if a sufficient nunbcr of
pollen grains contribute to it. The size of tinis ‘sufficliind
nunbor! depsnds on the number of @ifferent pollon typss prosont
in the sample and the accuracy with which theilr separatc
frequencics nsed to bs determincd, In general practice the
total number of pollon grains counted from a samplo is usvally
much greater than the number of types identified and no
serious error is introduced here., Throughout a diggzream,
howvever, the numbsr of typos may change suddently as, for
instance, bstuveen the end of the late~Glacial cnd the baginning
of the post-Blacieal, In such cases the frequencies of any

particular pollen type from sample (0 sample heve significance
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wvhich is not constant bacause the basos on whilch thoy are
calculated (i.6. tho 'pollen sum') should bo related to tho
number of types in the sample. In most pozis of polien
diagrams this consideration is not likely to bo a serious
source of error bacause the numbar of types counted variocs only
slightly from one sample %o the next.

_ Attompts toimprove the aceuracy vith whicn tho
frequencies of individual types can bs d3termiited hawve led to
the use of ver& large 'pollen sums' in much recont ctical
vorke The minimum total c ount which gives a dpondablc and
reproducible estimate of the real frequency of types im a
sample is clearly smaller for t.o feu types which contribute
the bulk of the sample than it is for those which ogccur only
rarely in it. On the other hand, vhore the same !pollen sum!
is used for ealculating tho frequoncies of bkoth comson and
rare types, the random error in the assessvent of the lattor
remains nmuch greater them in the asseossmsnt of the forzor.
Comparable percentage changes at very different absolute lewels
8.8, 40 to 207 and O.% to 0.27, are not equally significant.
Only the use of exceedingly largc !pollen suas' can give the
agsesswont of very small frequencies useful statisticel
significance. These limitations apoly particularly to
conparisons betweon two sanples only. UWhere a chanzo in
frequency progresses in one direction throush a serics of sampdos

the validity of this change is enorrmously enhanced, It is
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evident, therefore, that for a given effort, 1.0, & given{;otal
of pollen grains to bo counted inr a whole diagram, wore
reliablo information can ba obtainod by counting a large
nunbsr of closely spaccd samples than by c ounting very larpo
"pollen sums' in a fev widely spaced samples, provided aluays
that the !pollen sum® of cach sample is larpe compared vith
the numbsr of types im it.

In the analyscs presented inthis papor, trereforo,
detail vas investigated by close sampling rathor than by rcoesurse
to large counts of a fev samples., liodorately soall pollen
sums? were used (150 to 500 gredims) in numerous samplos,
closely placed (2 to 5 cm)., Little significanco is attachod
to the appearance of a pollon type in an isolatod samploy
vhatever its frequency there, oxcept as a record of its
Dresenco. Sinilarly, changes of frequency vhich in roallty
reprosent only differences of a wry fow gralns botueon &
pair of counts are not generally uscd for interpretation.
Progressive changes of frequency in ons direétion through a
series of samples, hrowever small, cre given considcrablec woight,
as are phenomena which occur in comparable positicns in soveral

' diagrams from difforent sites or {rom different points &t ome
gite, In ordor to dotect significant changes to waleh pollem
sypes individually present in insignificant cmcunts contributo,
such tppes hawe often bsen grouped together, Indiscyiminate
grouping produces bioiogically meaningless results and cvory
effort has bsen made to include only ecologically similar
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plants within any one group.

In the majority of the analysos reportod in this
paper the primary counts and zonation were based on pollen
sums comprising the treo types only., Improved technique,
and sheer abundance of data, nov result in pollen diagromg
which include e wealth of information about the vegetation
they represent far in e:cess of that required for this kind of
zonation. Details of the floristic composition of cozmunitios,
ecological differontiation from place to placo as well as
information on the procosses of chunge from time ¢o timm can
be d iscerned. Without detriment to the standard zomnation
scheme, thercfore, additional !zonations' may often be applied
to pollen diagrams in order that these detalls and procosses
may be wore easily compared from site to site within a region.
In order to retain its chronological validity, the stendard
zonatlon must depend gonly on the widely distributed, anemo-
philous, physiognomic dominants of the vegetation and on mojor
changes in their componsnts. These.are the criteria wvihilch
have bsen used in the standard zonatlon of the disgrams
presented in this paper. A subsidiary zonation might not sesk
chronological validity ss its primery aim, hovovery rather
should i1y attoupt to deflne both periods of change and porieds
of stability in the vcgeéation reprosented at o site ard in this
wvay to focus attention on process and change and ocological
differentiationd But the data from each sito are themsolves
complex and derive from 2 variety of ecological situationg.

In order to achisve anything, therefore, each subsidicry
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zopation must apply only to clogely related ceologleel groups.
In the primary dilagrams from the Cumberland Lowland ono
subsidiary zonation hus been epplied throughout whilst o seeond,
related only to forest clearance phemomena, hss alsd boen

used whora it secemed appropirate to the dete. The Lirst
subsidiary zonation 1s based on the curves for trees, sarubs
and lend herbs, Where the significance of changes is in
doubt, the plants of wetter habitats, including trees such as
Betula and Alnus, have Been excluded from considerction in
favour of those more ceféainly restricted to dry lord, In
practice, as might have baon expeeted, thls subsidicey
zonation has resulted mainly in the subdivision of the stemicrd
British zonation. Partly bscause of t¢this perollelism cnd tho
basis on which the subsidiary zonation is fourded ond pertiy
because the same sequencos of. events were detected in alzcset
all the diagrams under consideration; this subsidiary zcnation
is thought to have some limited and approzimate chromolépgical
value within thne Cumbesrlend Lowland and hes bcon styled the
{Cumbrian Zonation', It is certainly not anticipated that 1t
will prove of any valuec.outside the region. Tho extensive, but
variable, impact of huwman activitios on the wvezotation Jirins
the last 5000 years has been sush that it is unlikely thet e
chronologically wvalid zoné%ion of vide application will over bo
achieved which doos not depend on & pnysicel dating techricue.
In the preseont work every effort hos bcen pade to dissociato

the initiael zonation from the mors obvious manifestations of
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hunan activity, but 1t would bo misleading to pretend that
nany of the features usod in this zonation might not ba
amorst the pore subtle siteects of hunen interferonce with the
ecosysten, Untll human economic prohistory is much bottor
documented than at prosont; any zonation of post<liosolithiec
vegetation history mug% remein chronologically suspecti. -

In zgning the polien diatram an atiempt has becn
mads to distinguish regional from local phenoucna. Thus,
in the post-Glacial perviod the gensral trend of the curves
for the ®monor trees vhich were cechtainly not conitributing
to any hydrosere, viz. Qusrcus; Plnus and Ulnus, werc used to
give a very broad general indication of caanges in the forost
at large. The technique employcd was to rccalculato thoe

frequencles of thess pollen types &s percentages of their

conbined sam and then to smooth the resulting curves

&ritfivrstically, Although a general picture of progragsive
changes amongst the paysiognomic dowinants of thae ¢ry-land
forest wvas abtained in this way, it was hardly wvepresuntativo
of the vegetation as a wiole so thet the position o zome
boundaries, generally indicated as describesd abowve, were
finally fixed by taking a wider range of pollen types into

consideration,

n. :3: et WA -‘.. ¥ éA.‘l“
T HMOORTILIAITE 1.08S

Moorthvaite Moss lies in a kettle hole in ¢he lHain
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Glaciation drift outside the limit of the Scottish Readvance
Glaciatlon, south-ocast of Carlisle ia Cumborlands, Tho bog has
developed over a lake initiated early in the derlaciction of
the rogion and pollen diagrams, zonod according to Sho
standard British and local Cupbrian schemes, indicato
accumulation of deposits from a very early stage of he latce
Glacial period. The present bog surface is secondary ant
anthropogenic but, in spite of removal or oxidation o7 tho
upper peat, undisturbed deposits as young as about 1500 B, C.
are thought to be prosent at the site. Tho ecological
history of the mire has been reconstructed so far as the
stratigraphic and pollen analytical data allows, Among tho
most interesting subfossil remains recorded arc those of
Betula nang, Cardaminopsis cf, petrasa, Koenigia islandica,
Linum usitatissimum, Potamogeton filiformis and Lycopediun
annotinum, |
. LDLTO0NE

Moorthwaito Moss occupics a kettle hole inm the Arifé
of the Main Glaciation at about 120 m 0,D. Moorthueite
Moss is 11 km (7) east-south-east of Carlisle on the east bank
of the River Edeny, Along this part of its course the River
Eden flows northward betwoen steeply sloping banks which rise
on each side bstween 30 m and 75 m. The badrock, Ponrith
Béndstono, is exposed in this gorge but the greater port of the
surface is overlaid by thicék deposits of glaciol drifs. 5§ kam
east of Moorthvaite the main slopes of the Cross Foll rango
begin to rise and peaks almost 600 m high 1io within 13 kn
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of the site, The narroy strip of land betuecn the river aad
the foot of the mountains is thicktly spread with deposits,
mostly sand and gravel, of tho liain Glaciation, cxcept whoro hillg
of solid rock, sandstones and shales, protrude to heights of
about 230 m 0.0, The drift features theuwselves are vory
frosh, pocked by kettlo holas and cut by overfloy c¢hanrsls,
Wostwards, the valloy of the River Eden is divided from that
of the River Petteril by a strip of land about 5 k= vide in
vhich the sandstone hills again risc to over 210 0.D. In .
this region the overlying driit is prodominantly bouidor clay,
of the Main Glociatiom in the souath and the Scottish kcadvance
in the northy, and inc oaszquence the features are lsss steoep
than those east of the River Edeon. Tho south-sasterm 1linlt

of the Scottish Roudvance Glaciation lies 1 km from Heorthuaite

Hoss,

lHoouthyaite Moss (Nat, Grid.Rof, %10510)

Moorthwaiie Moss lies in & hollow on top of & hill
at 120 m 0.Ds gy 2 km south-south-egst of Cumshitton vilicge.
Westwards, the hill falls fairly cvenly to “ho Rivez deny 2
km away (1) at 40 @ 0.D. To the south and east i1t folls
within 0.5 km to tho Chapplewell Beck runninz just beleu tho
320 m combour. INorthuward, 0.5 km from the Moss cdsec, the
hill forms the south=vostern odge of a partially caclosed

hollov containing a larger bog, Cumsitton lioss. Theo crest
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of the hill surrounding MNoorthuaite lloss doos not risc noro
than 9 m sbove its surfece. The slopas of tho hollow oro not
very steep above the psat surface, Thore are no natural
inflowing streams, but the narcowest and lowest part of “ho
surrounding rim at tho north-wvest eorrer, across which en
artificiel drainage ditch hes now bsen dug, prodebly servod
intermittently as a natural outflov in the past. The lll is
mainly composed of a rather sandy boulder clay, baut iGs ecsterm
flanks are covered by outwash sand of Stages K and I in tho
rotreat of the Maim Glaciation ice; an extension of vidch drif¢
forms an oss train around the northera edze ( Troiter 2929).

- Deltaic sunds of a lator stages ave bankod against tho slopo
of the. valley of the River Bdem 1 km wost of Méorthwaiﬁo end
rise to 11% m 0.D. The limit of the Scottish Readvance
Glaclation lios immediately west of this accununlation.

The hollow now occupied by Moorthwaito iloss bscame
free of the romeral ice coveyr after Stége ﬂ of the reiroat of
the Main Glaclation ice. Whon the delta vas formed at 11k nm
0.D. the 7im of the hill surrounding the hollow must nave
stood a bove the vaters of the pro-glacial lako snd presumably,
as the ice retreated farther northward and westwerd, roro and
wore land emorged as the lako level fell, Subscquenily, vhon
the Scottish Readvance ice at its maximum stood oceroas tho
valley of the River Bdon avre, 1ts pro-glacicl loko stcod ot 133
m O,D. complotely immersing the Moorthwaelte hill., It had

emerged agalng, however, by the first documented retroat stare of
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the Sgottish Readvance (stage R.A., Trotter 1929) whea tho
glacial lake stood at 115 m 04D, crd tho hollow on the hill
contained an isolated pond.

. Hoorthwalte Moss is now roughly oval in shapc,
enclosed by gently rising slopos. The surface peat hos boon
cut away for fuel in the pzst as the 0ld cutting bunks ond
the boundary stones show. It is nov covered vith a —oyre or loss
open woodland cf Pinus sylvestric with soume Betula pubsscoms,
both of which &re regenesrating and which might all bs sub-
spontaneous from an old plantation, now destroyed, oa the
southorn margin of the bog., The drier areas, particulaily the
baulks of peat left between tho old cuttings, bear & vegetation
dominated by Cellune vulgeris, but hore amd there this is
replaced by Vacciniuz myrtillus and Holiria caerulcz, Tho
cuttings themselves are filied with undulating s:a:ds of Spnagnuz
dominatad communities amongst which S, magellenicum and 3.
papillosua and particulsrly abundant., Oxycoceus pulustris,
Rhyncospora alba, Narthecium ossifragum and Erica tatralix
are also common in these coznunities.

Tho stratigraphy of the deposits was investigatod
by a single series of borings running across the bog, the
findings of which were confirmed by six additional toriars
nade near the eatern end of the basin. Tho bouldor-clay
slopes fallaway very stoeply within the limits of tho Lasin

and vere not proved in the centre vhere horings did not pem trcte
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.more ﬁhan fm from the surface. Lining all but the rin of
-the bésin, and increasing in thicknoss towards the centre,

is adsposit of red sand and grawel, occasiorally containing
lenées of elgyo In tho ceﬁtre, this debdsit surrounds a

deep pocket of_compaét9 stiff; pink silt with occasional
laminae of sand and elayn The maximumébpth of this pocket is
about 3 m and at t ke top tho silt passes upvards into a groy,
silty, elayemud ith rare coarse sand grains. The upporpost
layers oft;hié naterial extend latenﬂly beyond tho edpes of
the siltefilleé pocket where they directly overlie tho basal
'sand anﬁ gravel £111. A laygxg 10 to 1% cm deop, intwdch the
- _clayémud is coarsely sandy, marke the top of the silt=filled
‘pocket; * The uppermost 15 cm of the clay-mud contains
ﬁbundant coarsé gand and gravel and is difficult to panotrate
in soms places.  Over the greater part of the scction ¢this
gravelly clayémud and the sandy éraval into which it passcs
ma;ginally ére-overlaid by a layer_of-brown'nokron aud up to 1
m ig_thiekness andx:oﬁtaining frequeont remains of Potamoroton
spp. and Myriophyllum alterniflorum. Sa2nd and silk are, on the
vhole, rare in this vatorial except in a rather well narked
zohé-up:to 20 cm in thickness where coarso sand occurs
commoenly in closely spaced horiéontal laminae, Except at tho
extreme odge of the section the pekron oud passes almost
insensibly upwvards into a mud darker incolour§ richer in orpganie
detritus and entirely freg of'éand-or silt. Fraznonts of

sedge leaves arg frequent as are seeds of Nymphaca alba ar”
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fruit%étones of Potanogoton spp. Over the groater part of ko
section this mud bscomes more coarsoly detrital at the top,
remﬁins of Carex spp. &nd Phragmites communis Bscomming vwory
© goumon. Sphagnum leaves (mostly S. cuspidatum) aro freguontly
fourd in this layer and, over the soutern half of the soetion,
become progressively more abundant as the mud gredes into the
Sphagnum peat which directly overlies it. At its dospost
continuous part this peat is 2.9 m thick, of a slightly
varying, deep brown, colour and varying humification (H- 5=7).
Nohorizontally co nsistant chanres were traced bsiwveon korings.
- Over tb& northern half of the section the detritus mud is
coarser and rieh in wood fragments (particularly Betula and
Alnus) and reaches a maximum thidtness of 2 me It is overlain
by the northern extension of the Bphagnum peat. Ti® interface
batween the detritus mud and ithe Sphagnum psat rises northward
between borings 10 and 11y suggesting that the two deoposits
were ace'umulating over the sme period whilst thce peat-
producing communities slowly encroached om ¢ hose producing tho
detritus mude The uppermost layer is composed of tho psat,
which there contains occasional woody fragments and Lrequent
remains of Eriophorum vaginatum. The surface hus bsen cut apd

the deposits are commonly distrubed to a depth of 30 to 50 cim,

POLLEN DIAGRALS AND CHRO KOLOGY

At Moorthwaite Moss samples for pollen analysis wore
collected from Boring 10 where the deposits were describcd inm
the field as fodlowsse
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disturbad cnd oxidized poat

dark brbwnD coarsely fibrous peatd H8

pedium brovn Sphagnul peat with semo BEriophorun
vaginatum. HY

unconsolidated, woodyy, Sphagnum paat. HY7

vory waody, nedium browny, coarse dotritus nud
nedivm brown coarse detritus mud with £requont
fragments of Alnus and Botula wood

yellow wood in peaty matrix

dark brown, amorphous, mud with traces of Sphasnun
Carex-Sphagnum peat, medium brown, with abundant
Monyanthes seeds at 225 = 230 cnm

tfansitional nud

moderately fins detritus mud with frequont seceds of
Nymphaca alba and potamogston nasans

dark brown nekron mud with oecasional laminae of
lighter brown mud

medium brown, slightly sandy, nekron mud with
laminae of lighter coloured, more sandy, @mud

abundant sand laminae in buff mud patrix

"abundant sand in mud

olightly sandy, dark brown, mud with indistinct
laminae

coarse sand and pebbles in mud matrix

fine groy sand with occasional pobbles

groy, silty clay-mud with rere sand
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475 = 482 transition
482 = %90 pink sandy clay-mud
L9 « 700 coarse red sand

 XCAL DEVELOPMENT OF TdE T

- Moorthus Mos

?ha:deepg'steepasided, basin nbw occupiod by
Moorthwaite Moss is almost certainly a kettlo hole created by
the mglting of a residual ice block left behind after the
general rotreat from the locality of the lce cover of the
. Main Glaciationo There is no way ofknowing at vhat staro in
the éeneral deglaciation this block finally melted, except
that is must have post-dated Stage M of the retroat and is

gnlikely t0 have persisted very long under clinatic conditioms
which resulted ig the general daglaciation of the Carlisle
Plain. It is very likely that the fed sand and gravel lining
the hollow is morainic material which melted out of the
isolated ice block itself. By that tims, the hollow containing
a lake vas probably isolated from the pro-glacial lake batucon
the ice front to the north=west and the Poniins foothlills and
Penrith Sandstone ridge to the east. Much of the s wrmanding
countryside would still have been flooded and only hills rising
abové 150 m 0.D. are likely to have bsen entirely frec of the
efiects of a high vater-table. ' Tho Moortiwaito hollov itsolf
ca% never have received very much drainage watcr, the arca

of land fromwhich it could possible do so beingr ather jess
-2
than 1 km . The only outlet, however, was across tho watershed
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mathods Jev  amalyses-

Laboratory ot Geeedll Clrsber bobheds.
The dried peat samples werc taken and 2.5 grarms of each vwas

weighed out. For each sample an ion @:ﬁraction colurm vms set up.
These were prepgred by putting a little glass wool at the bottam of
a s‘eparat;lng._funnel and then packing in the driced poat which had
previously been gieved thropgh a 2mm, sicve, FHore gless wool was
put on top of tho peat to prevent it from. being disturbed as tho
exchange solution.was added._‘ The top of ecach separating funncl
was closed and 250-.-;1!118. of N1 Ammoniun acetotc solution was passcd
through elqwly by ad justing the tap to deliver about 2-mils. a
minute. = The liquid was collected in a 250-mil, volurstric flask
and was then filtered through a Whatman No.A2 filter paper,
transferring the filtrate to a A400.mil, wide-nccked flask. The
liquid was evaporatcd to about 100-mils. in the fumc-chamber and
allowed to cool before being made up to the mark in a 250-mil.
volumetric flask with distilled water. Tho solution was stored in
a polythene bottle which had been rinsed out with arwonium acectate
to displace all ions absorbed on to the bottle surface, and then
ringed with distilled water and dried, The bottle was labelled with
the peat's place of origin and method of extraction.

The samples were also analysed in the following manner, as
were the plant sampleos, to fiﬁd the total ioms procent. legranm of
cach sample was thereforc weighed cut and put into a 40C~-mil. wide=
necked conical flask. The acide-digestion mixturc, consisting of
20-mils of concentrated nitidc acid, 5-mils of conc, hydrochloric
acid and 5e-mils of cenc. perchloric acid., Goggles werc wommn
during the manipulations. The flask was warmed over a low flome in
the fume-chamber and then boiled wntil only a omall acowmbt of the




perchlorato remained. Care was taken not to boil the
solution dry or the mixture would have exploded. The soluticn was
then diluted with about 170-mils, of distilled vater and then
filtered through a Uhatran No,l filter paper. Tho colution was
transferied to a 250«mil, volumetric flask and mzde up to the mark
with distilled water, thon stored in a labelled; polythenc bottle.
| The extracted solutions were analysed for calcium and marmosivm
by Atomic Absorption Spectrophotometry (A.A.S.) and for sediun and
potassium by Flame Photometry. The methedology for these is as
follows se
FLAME PHOTOMETRY.

The gas supply and air campressoy wore comnected to the ingtrucent
and it was suitched on at the mmins. The gas vas twmned an and tho
flame 14% and adjusted to give a stoady flame. The compreosed air
was turned on and adjusted to 10 lbs/sq.in, The gas supply vas
adjusted, first to give onc, largo, contral cone in the blue flame
and then gradually turned down to give just ten small concs within
the central flame, The glass testing vessels were all vashed,
rinsed in distilled wmter, and then dried., This was to clinimate
any inaccuracies caused by dried solutions in the vessal and tator
clinging to its sides, and so diluting the soluticne to be
analysed,

A sample vesgel vas filled with distilled vater and put ca the
gtage belaw the capillary suction tube, Then tho stage wao yvaided
to put the end of the tube well undeyr the liquid ourface and a steedy
but minute strcam of liquid was drawn up end squirted into the
flame. At this point the appropriate filter was ingerted into its
position next to the flame and the reading vas ad justed to zero.




After this, a standard colution of 100-ppm was uscd and the
reading at the top of the scale was peduced to 100 by the
gensitivity control. The distillcd water vas used again and
adjusted to O by the zero control and the solutions were used
altemnateoly until distilled water alvmays pave O and tho otandard
solution always gave 100, Uhen this had been donc the instrucent
was ¢onsidored as calibrated.

411 the colutions were tested now and if any weke off-scale
thoy were diluted either twice, fourefold or ton-fold, to bring tho
reading on to scale. lhen all the scdium determinations had toen
done the method vms wepeated for potassium, After 2ll wore determincd
the readings were converted to parts por million by using tho
calibration curve graph for the appropriate mincral.

Theorys

A standard flams is started with and obteined by the
methodology found at the boginming. Tho appropriate filter is
inserted to allow through oaly light of the spoeific tavclength of
the mineyal to be estimated., The distilled water va2s injocted
into the flame and the reading reduced to O by the zero cantrel.

A stendard solution was then injected and the incroase in intensity
of the 1light of the mineral's specific wavelength vms rogistored

on the scale. This 4s brought to 1C0 by the scmsitivity coatrol.
A calibration curve is constructed by drawing a graph of p.p.il.
against the reading a solution of such a p.p.m. cauecs.

The graph is not linear, Any solution of unlmoum
concentration vinen injected into the controllcd flame will cause
emission of light of the mincral's specific wavclength of ocuch en
intcnsity which veries divectly with the soluticn's concentraticn.




The reading so obtained can be reconverted to p.p.m. by using tho
calibration curve and so the crncentration of the ion, being
investigated, in any solution, cen be found,

This method is more easy to use than any other mcthod, foi
example, titration; is faster to use and more accurate and

reliable than any other methed,



ATOMIC ABSCRPTICN SPECTROPHOTOIGTEY. 4o be  wsed der et Hg™
Eeference: T.S. West, ondeavour., January 1967.
Theory:

Small amounts of some materinls can cause a vast difforcnco in
many systems, The normal method of absorption
spectrophotometry cannot be extended fér these purpocos wherc rrect
accuracy is requircd, as the probability of interaction of a molcculo
being rather low and the selectivity being poor. Atcmie absorpticn
spectrophotometry vas first discovered in 1955 by A, tlalsh and he
also discovered atomic flucrescence spectrophotozotry (AFS).

AAS: Atoms as well as molecules ¢an absord light by the
promotion of electrons out of their ground state levels into
higher, excited lovels, Only light of the energy which 1o crual
to the difference in cnergy levels between the ground and excited
statos will be absorbed by the atoms or molecules., Aters are simplo
in comparison with molecules so that the number of cnergy levels thoy
possess is relatively sm'a_ll and the interactions between thom aro
relatively infrcquent. Dissolved molecules show rather bread
absorption bande over the range 100-1000R tocausc of the complexdty
of their clectyonic structures, whoreas £rec atoms chow very narrcy
aboorption bands. A1l these bands are in the vltra-violet and
visible range of the spectium and many bands can be idontified
within ¢this wide range.

A dilute solution of the atoms mst be produced, much as in
absorption spectrophotometyy. The free atamic particles canndt be
produced in a solqtion, but are introduced into a flars as a fincly

divided solution of the compound.
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The flame therefore acts on an atom reservoir within which
recasurements of atomic absorbancy may be made. The flarc mot bo
a steady state or monochromatic one and there must be a detection
device to measure the dcocrease in the signal from the source wacn
the atoms are ontroduced.

Source: In the A.S. in the ultra-violet and visible part of the
spectrum, a deuterium or hydrogen discharge lamp is used as a sourco
for 2000 to 35001? and a tungsten filament lamp for 8,000 - 10,0008 .
The 1light from these continuous sources is made monochromatic by
disparsion through a prism system, or by a diffraction grating, or
by both, This method, however, is not sensitive cnough for A.A.S.
80 a nafrova-i!ne source, a hollow cathode lamp, which emits
radiation much marrower in band width than the A.A.band is used.

Various flawes can be uscd according to which temporaturc is

required.,
Fuel Qxyren Afr.
Tovn gas 3000°K 2000°K
Propane 3100 2200
Butane 3200 2200
Hydrogen 2950 2LC0
Acetylene : 3400 2500
3230(N02) 3230(N20)

Cyanogen 4800

The temperatures for the various flames are shown abovoe., The cool
air flames are perfoctly satisfactory for many metals but others
require hotter flames, These however raise difficulties of high

emissive and absorptive backgrounds.
During the ten years in which the method has been availablo i%




\

has been vastly improved, and recognised as cne of the most rapid

techniques available., Its advantapes are that it iste

1. Specific for all elements to which it can be applicd and it
can be easily adapted to operate over the range 0.1-1C0p.p.n.

2. It can be applied to 60 elements with an crror of only : g

3. Tﬁe technique involves cnly the dissolution of the sample
in an organic or inorganic solvent and nceds no furthey
chemical or physical manipulation.,

L. It is rapid and easy to operate by even unskilled staff and
can be easily automated to give direct, digital readingg.

5. Instruments are cheap, £600 « £2500, in comparison with other

techniques. Tho maintenance costs are low and no special

housing is needed except for good ventilation for the fluc gases.

These are the reasons why the A.A.S. was used instcad of any rathod
using titration of any sort, Iiany of the advantagcs are also
shared by the flams photomster.,

The apparatus is complicated to set up hoiwever, but oace this
is done and it is ecalibrated it is relatively a oimplo operation
to use it, As with the flame photometer, readingc are geined by
the solution being sucked up through a capillery and into the flame
where the atomic absorbance is measured, instead of umiscion of a
light of a specific wavelength as in the flams photometor. The
method is as above for magnesium estimation but for calcium
estimation the method is cimplicated as phosphate has a similar
absorbance to calcium, This effect is eliminated by diluting
the solution to half the original concentration with a solution of

so that the calcium flame absorbs only

1isht of its renuired energy and not also that of phosphate.




SODIUM AND POTASSIUN (g,E,L. Flame Photomoter).
Apparatus, Same for Na. & K.
i. Pipsttes. 1x1m, 1x2m, 1x5e,1x10n,
1 x 10 ml. graduated,
Range for sample dilutions.
4i. Volumetric Flasks. |
| 12 x 100 mi.
Several 25 ml, 50 ml for sample dilutions.
314, Conieal Flasks, one 250 ml for filtering cach sample.
iv. Filter funnel, one for each samplc.
v, Filter paper.
Hethod.
Set up flame photometer and use acéording to manufactursrs
instyuctions,
1) a) Stock sodium solution 2.542 g. NaCl made up to 1000 mle
with distilled vater 1,00 mi - 1,00 mg. Na,
b) Stock potessium soluticn 1.907 g. KCl made up ¢o 10CO mls
wit;h distilled water 1,00 ml - 100 mg.K.
2) Standard solutions.
Dilute 10.0, ml, stock sodium solution to 100.0. ris.
1ml. = 0,10 mg. Na.
Dilute 10,0, ml, stock potassium solution to 100.0 mls,
1ml = 0,1 Mg. K.




Calibration Curve.

Use the following mls. of standard Concn, of Na or K

Na or K solutions made up to 100,0 mls, Igo./1.

2 2
'2 2
3 3
b b
5 5
6 6
7 7
8 g
9 4 9
10 10

CALCIUM AND IAGNESIUM (E.E.L Atomic Absorption Spectrophotomotcr)

Appa?awso
1, Pipettes for sample dilutions

1x1lm, 12 x1ml,
lxlmlomd. x'“‘g. 12!1m1.g?&d. cao
1x2ml. 1x2m,

2. Volumctriec Flasko,
12 x 50 mils.

1x25 ml_i for each element.

1 x 100 ml,
3. Conical Flasks..

1 x 250 mls for filtoring samples,
4. Fumels for filtering samples,
5., Filter paper.
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_APPENDIX II



ERIOPHORULI AVGUSTIiOLLUMN - Species Habitat

Eriophorum Angustifolium is a circumpolar plant which cccurs
throughout the arctic and sub-arctic regions, and is describod by
Polunin as common throughout the Canadian Eastern arctic. It is
found as far North as 83°N in Greenland, It is placed by iattheus
in his arctic-alpine category, but it is a plant of very wide
geographical and climatic range, as is indicated for instancc by
Hulten's map which shows it as frequent throughout the whole of
Scandinavia. Although also recorded throughout the British Isles,
it is now very rare or perhaps extinct in some parts of the South
and East, possibly as a result of the cutting of peat and drainage

of suitable habitats.

+ Qofdwin. History of the British Flora p.2lL9.




ERIOPHORUI ANGUSTLrOLIT - Community Habitat

This community is very local in the southern Pennines, but
more extensive on the northern part of the chain. According to
Watson (_1932) it is much more frequent on the Somerset moorlancs
than E.vaginati and limited are described by Pethybridge and
Pracger (1905) at high altitudes (about 500 - 700m) on the Uiclder
mountains in eastern Irelamd. The Jicklow Eriophoreta are small
in extent and "below the uniform waving foliage of the cotton-grass
is a continious dense stinted growth of Calluna with several of the
plants of thg Calluna and Scrpus associations. The peat is "sopping
wet" and spongy unlike that of the Scirpetum caespitosi (see below),
which is the characteristic ccmmunity of most of the licklow
mountain plateau. Thg species recorded from three sample areas
were as follows:-

Eriophorum angustifolium d

Calluna vulgaris sd
All three areas:
Eriophorum vaginatum Cladonia sp (2 areas)
Empetrum Erica tetraliz (1 area)
Scirpus caespitosus Vaccimim vins-daea (1 arca)
Vaccinium liyrtillus Sphagnum  <pp- (1 area)

The Eriophoretum angustifolii described by Lewis {19Q4) from
the nortbern Pennines has Eriophorum vaginatum mixed in smaller
quantity, together with a few individuals of R chamaemonis,
Erica tetralix and Empetrum nigrum.

Eriophorum angustifolium often occupies wet channels ard

depressions in the blanket bogs of [, vaginatum, and colonises




cracks in the bare peat of such hollows by means of its creeping

rhizomes.

ERYOPHYTES Watson (1932) remarks that many Bryophytes present in

the Eriophoretum vaginati are absent or rarer in the wettor

E. angustifolii. Ho records the folloying spscies from the last-

named community (of the Somerset moors) not listed irom the

E. vaginati,
Aulacornnium palustre
Campylopus brevipilus
Cephalozia fluitans
Drepanocladus aduncus
D, fluitans

D, reve’&vens

lepidozia setacea
Leptosajphus ancmalus
Odontoschizma sphagni
Sphagnum ocutifolium
S. phumlosum



The Hydroscral Succession and Peat Formation.

AsS a generic term, peat refers to the partially decomposed
plant remains which form stratified layers in old lal® basins
or over wet grounds,

The classification of kinds of peat is a complicatcd subject
(Dachnowski 1912; Huels 1915) Oversimplifying the situation it
can be said that four main types are common - sedge peat, sphagnum
psat, hyprum peat and woody peat, their origins being indicatcd by
their names,

The psat substrates are briefly characterised as being highly
acid, very wet and very low in oxygen, The a,no.e,ro\z;tc. conditions
are largely responsible for the lack of decay in the peat, as the
most act:?.ve nﬁ.cro-organisms are unable to function in such an
" -anviromment, _ The, water retaining capacities frequemtly z;verage
600 - 700 per cent.

(As the areas are so wet, considerable evapo-transpirational
losses are inc;urred by the system during the day, this causes
night mists and fogs to develop) which bathes the swamp plants in
a saturated atmosphere for periocds of eight to ten hours.
Considerable condensation on to twigs and leave. takes placc.

The abundance of lichens and ‘m—:\op\\i\’% is largely due to this
nocturnal condition of high moisture.

(There is), howcver another important feature of the
microdimate of the conifcr swamps. This is the great shortening
of the gz'mﬁnga“é.'sz‘éason caused by the insulating qualities of the
sphagnum moss. The tops of plants may be subjec. to high

temparature while the roots, at the same time, are bathed in




ice-water. In B, America the bog cecads such as Lodum (Labrador tea)
Androzedz (bog roseuary) and Kolmia (bog laurel) are adapted to
such conditions, and may even burst into flower whilc the ground is
still solidly frozen. In Burops, Erica tetralix, Androzzda
polyfolia, Vaccinium s¢p- take their place.

The samc insulating qualities of the Sphagnum wuich hold the
ice in spring also prevent its rapid formation in the Autumn.

The general influence of the forest community on its
microclimate is thus a moderating one. Summers tend to be shorter,
cooler and more humid than the surrounding lands, vhilst winterc

are wvarmer and of more eover temperature.

+ Curtis - The Vegetation of Wisconsin,



Hoortimaite Moss was Probably a edtrophic lake at its formation.

Its development could have been along the followin linos, its

vogetation being controlled by limiting factors.

In 8 hydrosere the limiting factors for plant grosth are the
depth of the water aud lack of aeration : the trend of the
succession is towards the accumulation of sili,; raising the soil
above thc water level, and eventually lowering the water table.

The first colonists grosy in open water in a pond, lake or slug;ish
strean. These are the submerged aquatics, usually with dissected

" leaves, like Ransnculus aquatfilis sub. pp., Ceratopayllum demersum
or iyriophyllum spicatum. They are anchored in the mud (though
Ceratophyllum has no roots) and the maximum depth at which they can
survive must have a light intensity above their compensation
point. In water with a good deal of plankton or other suspended
matter to absorb the light this maximum depth may not be much more
than two metres. If there is any silting up of the pond at this
point, it will raise the level of the bottom and allow the growth
of species 1like Nuphar luteum, N. pumila, Nymph ea alba for which
the limiting depth is not so great. The floatin, leaves shade out
the submerged species and prepare the way for the ne.t stage in the
succession. Their remains help to raise the substrate level and
furtler this. Some free-floating aquatics : Lerma gibba, L.minor,
L.major, Letrisulca, Hydrocharis morsus-ranae, Stratoides alrides
(Azella filiculoices, Riccia fluitans, Salvinia having bien
introducod in ths South and East of the British Isles and occurring
spontansously for a few years then dying out). occur in the

floating leaf zone amongst emergent vegetation. Their only




restriction to shalloy water is tihal tuey must overwintor at the
bottoa of the pond, but thoush theoreticaily frec-lanco tioy

seenm to be kept to tho margin of the pond by surface wind curremts.
In shallover water the horizontal spread of floating lcaves is
replaced by a thick upward growth of species with aerial leaves,
like Phragmites, Juncus, Irish psendacornus, Typha, Alisiia plantago
- aquatica, Sagittaria sagit folia, Butomuc umbollatus and Typha
Their dense growth hastens the accumulation of silt, and the effect
of their transpiration must make soms contribution towards lowering
the water tablc of the pond. This sequence may bs seen as concenfric
gones of vegetation round the margin of any suitatlo pond, and is
illustrated in the profile chart I'ig. If the succession progresses
theso zones mijrate bodily out into deeper water and the banks of
the pond close in behind them.

In the stages following the reed-swamp commnity the vegetation
1s Yewesal  at first with a high water-table and poorly acrated
soil. Such conditions tend to favour the developnont of soil acidity,
and the 9\’\- of the standing water may well determine the future
course of the sere if it is sufficiently base-rich to countcract
this acid tendency, then fen vésetation arises, with grasses, sedges
and later alders and willows. These effect a gradual lowering of
the water table, and prepare the way for ashwoods and eventuvally
a climax of oak.

1n areas where the pond or lake watcr is poor in bascs the
succession may bs deflected by increasing aciaity after the
reed swemp stage. Sphagnum may enter and the succession proceed

no further than bpgvegetation,- under drier concditions this will

Y



raise the surface of the mire forming a domed ombrophilous mire,
as Moorthwaite lMoss is, which usually drains in time and gives
rise to heatn vegetation with Calluna vulgaris, Vaccinium myrtillus
as dominants. Although heath vegetat.on can give place to birches,
pinss and eventually climax oakwood, the soils of these areas is
generally too nutrient poor to allow much tree colonization.
However, the ecoseral development may stop at any place according
to the mitrient requirements of the next sersc. Iborthwaite Hoss
obviously does not have enough minerals for mixed mosaphytic
oakwoode This is therefore an "edaphic climax".

Domed ombrophilous mires or raised bogs take their name from
their convex, cushion like shape, which is due to the sloping
margins where lateral extension of the Sphagnum moss, the chief
peat-forming agent, is prevented by the collection of rclatively
base-rich drainage water from the surrounding mineral soil. These
sloping margins (CGerman Rand) are botter drained than the bog
centre and carry differcnt commnities, often pronounceuly zoned
and dominated by such species as Calluma, Holinia caeralea,
Trichophorum caespitosus and Betula pubescens. The drainage wvater
from the Rand and from the édjacent mineral soil falls into a
wet marginal area lmovm as the "lagg" where the higler base-status
of the water is reflected in the occurrence of tue more cutropaic
species characteristic of fens. The central portion of the raised
bog has a very gentle curvature indeed and carries highly
characteristic communities dependent in their nature upon the

conditions of the bog and it s climatic and drainage relationships.




In the more oceanic climates such as those of central Ireland
the undrained bog will still be actively growing and will present
a mosaic of open pools and of hummocks of growing sphagna.
This system is spoken of as the "regenoration complex™ and it
produces a characteristic branded peat in which the vegetation
of the pools and of the hummocks can be traced in constant
alternation with one another, Highly constant species of the
regeneration complex fall within such oligstrophic genera as
Calluna, Erica, Eriophorum, Andromeda, Oxycoccus, Drosera,
Narthecuim and Rhynehospora, as well as equally typical mosses
and \weqwets in profusion.

Raised bogs in continental climates tend to have their
surfaces bush or tree-covered, and in this country bogs which are
artificially or naturally drained pass over a Ugtandstill complex"
in which dominance is taken over by Calluna or Eriophorun
vaginatum, Sphagna are less important and peat grouth is reduced
in rate or ceases, and the peat type produced is moro hunified
than under regeneration complex. Such Callina-Eriophorum bogs
are drier altogether than the active Sphagnum-doninated raised bogs.

Raised bogs very commonly occur in former peri_ lacial regions,
often upon the sites of lakes created by the laying down of
terminal moraines across glaciatec valleys.

The stratigraphy of such bogs shows all the early stasges
of colonization of more of less eutrophic lakes, the open-uater
lake muds being progressively replaced, marginally at first, by
reed swamp, fen and perhaps fenwood. Only at these later stages gf

vegetational development, when peat formation had carried the




ground surface atove tlio reach of the lake waters; was
ombrogenous peat formation able to begin. I'rom tkis stagoe
omvards Sphagnum grouth can be seen to have dominated the
bog's development. In the excellent vegetational studies

made by Steffen on the shores of the Baltic near Koningstorg we
may find displayed together the zonation of living lako, fen
and raised bog communities and the stratification in the raised
bog deposits entirely corresponding with the zonmation; such
correspondence has indeed long been recognised (see Oswald's

boring Edenberry Bog).
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Inter-relationships between bog types and vesetavional types

1. the hydroseral succession.

lioss (lbortinreite iloss) and bos; (Irish blankot bog) are usod
in tbis article synonymously for the wet, acid poat vegotation, and
moor and moorland are used only in the wide, popular sense. 1Iho
plant communities which form and inhabit wet acid poat .ave often
been divided into "lowland”" and "upland®, tut arc more maturally
classified as valley bog, raised tog amd blankoct bog - names which
refer to real differences in habitat, structurc and modo of
dovelopnent..

Valley bog and Raised bog. Valley bog is developed where
watezf, draining from relatively acidic rocks, staznates in a flat
bottomed valley or depression, so as to lwep tie soil constantly
wet. In such situations species of Sphagnun .ami associated plonts
appeé.r and produce a bog limited to the area of wet soil. Such bogs
are common in the mountainous regions of Palasogonic rocks in the
north and west of the British Isles, but they have not tcen
investisated ccologically, and very little is lmoun of their
gtructure and development. The "wel heath" commnities (sce pp.73L-ll)
occurring in depressions of the BEnzlish lowland heaths, wiere tho
ground water is msarly level with the surface, arc essentlally of
this type.

In a sufficiently moist climate the charactoristic raiscd
bog (German Hochmoor) may develop on the top of a valley bog. The
valley bog itsclsy, however, being fed by drainage vater, is nevor
80 poor in soluvle mineral constituents as a raised bog, and i.'t

contains plants, such as s:ec.es of Juncus and Carci, which have




no part in & typical ralsed bog. The strcanm running throuch a
valloy, houever staznant it may bocome in parts oi its course ond
howvever acidic tke rocks which il drains, brings a cirtain quantity
of soluble salts from the upper rcaches wherc erosion ic takin:
placec, and tke wator of a valley bog is typically less acid than
that of a bog depending on precipitation alonc. then a raised bog
develops o‘n the top of valiey bog the stroam is blociwd or diverted
by the growth of the bog vegetation ami tho pcat which it forms. The
original water cowrse may thus be farced to ome side, or split into
two streams which find their way round the sides of the bog: part
may run belowy the surface of the bo;. The mar;inal watercourses
forn the lagg (a Swedish term) of raised bog, and the verotation
of the lagpg is characteristically less extremely ouyphilous than
that of the general surface of the raised bog.

Usually, however, raised bog is developed not on vallsy bog
but on fen. As we gaw in tho last chapter, Sphagnun and associated
plants, vhich require acid water in their habitat, locally coloniso
the surface of fen, ospocially where the large tussocks of certain
fen plants have raised the level above the noutral or alkalinz
ground water, so that the natural acidity of the hwms foriod by
the debris of tho tussock is not noutraliseds The small comrmnitios
of oxyphilous plants arising in this way may remain vory limited
in extent, but therc is abundant evidence in the Hritish lslos, as
well as on the continents of Europe and Morth Amorica, that they
have, in times past, spread over and superseded fen ve;etati’on,

replacing it by uide extents o: the highly charactoristic noss or




bog fo:;'mtion. there this formation has thus ariscn on a fen
localised in a basin it has itself romainod restricted to the
basin, though this may be of considerable extecnt, up to several
miles in diameter. The surface of the moss is characteristically
convex, sloping gently from the centre towards the poriphery, ukoro
it ends in a relatively steep bank bounded by a diteh or watercourse
(lag:) representing the original drainage channels of the fon basin
and receiving the water drainin: from the bog. DBoyond tho lag. fen
vegetation, not yet covered by ths moss, may often be seen. Thus
the moss as a wholeo is raised above the i.mmedi.ately surrounding
fenland, and this is the orijin of the German term Hoclmoor. This
is tho type of bog so common in the grcat central limsstone plain
of Ireland, uhere they arc based on the local fen basins, and are
known as "red Bogs" from the red-brown colour of the dominant
vegotation. Similar raised bogs occur in Scotland, northern
England and Wales, amd vere formerly much commoner, many havin; boen
destroyed by draining and peat cﬁttings.-

Blanket' bog. It seoms probable that raised bogs arc formed
in climates intermediate betw;een that of the East Anglian fens,
whore the air seems too dry for tiie bog-moss vegetation to extond
vigorously in depesndence upon atmospheric moisture, and that of the
west of Scotland and the west of Irelend, where the rainfall is high
and the air so constantly moist that bog is the climatic farmation,
not necessaril& arising in fen basins but covering tho land
continously excopt on steep slopes and outcrops of rock. This is
the third type of bog mot with in the Lritish Isles and may be
calied blanket bog, because it covers the whole land surface like

a blanket. The contrast can be well secn in the bogs developad



east and west of Calway city in tho west of Irocland., To the east
ig the great plain of Carboniferous Limsstone uith raised bogs
developed in tle numerous small fon basins, To the west is a rogion
of acidic rocks undcr an extrevie oceanic climate, amd bearin; ailmost
continuous blankct bog. Blanket bog ig independount of localiscd water
cupplies, depen dinz on high rainfall and very hich averase
atnospheric humidity. Raised bog, on the other hand, sooms aligys
to have an aquatic or scrd-aquatic orizin, boin: built upon fon,
marsh or valley boz, so that the bog peat is olten undorlain by fen
peat and lacustrine or cstuarinse silt, The climato in which raiced
bog is developed imust, houcver, provide cuificlcnt atmospheric
hunidity to male the upvard grouwth of the bog possible,

Bog or moss commnities., The dominants and associated
specics of blankct bog and raised bos are mostly, thouch not
antirely, the sames but, as we have secn, the habitats (in the wide
sonse) are difforcnt, and the structure and develogmont also
differ in several rospects. blanket bog has mover beon studloed by
modern mothods, but we inow more about the devolopaent of raised
tog, thanks to tho labours of continontal worlkers and to some quitc
recomt work in the Critish Islcs. The main plant comrmnitics of
bog or mosg are six - Sphagnotum, Rhynch:sporetun, Schoonotun,
Eriophoretum, Scirpetum and [olinictunm - and of theso Spaagnotun
is the iirst and most fundamental.

(1) Sphagnotum. The specles of the gonus Spha mua, as ig uvell
known, have a highly spocialised vegctative structurc. The surioce
of the stcm is covered uj.ﬁh a layer of large empuy cells, whoso

walls arc strengthened by ribs and pierced by relativoly wido holoss



the loaves comsist of a single lajer of c.lls, tuc framowvork
conposed of cells similar to those covering tho surface of tho
stem, and ruming botucen them are lines of marrow livin; cells
containing chlorophyll. The nctwork of fine capillary channols
formed by the cmpty cells with their pierced walls rogults in tho
plants abéorbin:_; liquid water in comtact witi. their shoots through
the holes in the cell walls and holdin; it lile a spongo, so that
a considerable quantity can be easily squeezed out vith tho fingers
fronm a livin: tuft of sphagmum, UWater is also held betucon tho
surfacos of the leaves and ths stems. Uhen this surface watcr has
been lost by evaporation that containsd in the cells is slouly
evaporated into the air, the actual rate of evaporation dopending
of course primarily on t.e sa'turat .on deficit of water vapour in
the air as well as on the structure of the plant.

Variation of habitat and structure. Some spacics of Spaagimn
arc aguatic mosses, growing immersed in water: othcrs live on
constantly uot soil or more commonly on the wet bases of the aorial
shoots o: other plants. The habitat of these mmst be pretty
constantly wet, cither fr. n soil water or abundant precipitation,
and the "terrestrial" Sphasma are most abundant and flourish most
luxuriantly under conditions of very high averase atnospheric
humidity, The species which live in the less congtantly wet
habitats, as ljatson (191luv) points ;:ut, possess xeromorphic
characters in greator or less degree - compactness of habit, closo
jmbrication of leaves on the branches, infolding of the leaf

edges - characters vhich check loss of water by evaporation to tho

air. The more aquatic species are least xeromorphic and least
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able to resist desiccation.

Acidity and minoral requircments. The sphazna are vell
knoun to flourish oaly waere thoy are in comtact with morc o
legs acid water and to be killed by exposure to alkalime solutions.
The acid substances h2ld in their cell walls absorb tie bascs of
nutrient salts, settin:; irec the acid ions and thus maimtaining
an acid mediun in contact with the moss. Uhile this is true of all
tho species they vary a good deal in sensitiveness to an alkalino
medium, and this is corrclated uith the demrce of tholr am acidity.
(Skens, 1915.) Broadly speaking the least acid specics grow im the
less acidic habitats, where they can usually obtain a {roater supply
of mineral salts, while the extremely acid species, most readily
killed by alkaline solution s, have a vory lov mincral requireuent
and grow in tho most acidic habitats. Thuo Skens found that
Sphagmm contortum, a spacies which, judged from its bhabitato, is
of relativoly hish minsral requirements, had an averaye "primary
acidity" (measured in terms of grams of acid hydrogen por hundred
grams of Spha_nun matorial after thorou_h washing out of tie
absorbed bases) of 0.0715, while S,rubellum, o hun.ock-forning
gpec.es of iizhly acidic raised bog, had an average prinary acidity
of 0.1092. This corrolation is not however exact. Olono found
that the acidity of different samplos of the same species varied
a good deal and that thoir ranges of acidity overla ped
considerably; and there is evidence that what appoars to ks tio
samo species may differ markedly in acidity and Labitat in

differont regions. HRurther researci is required on the rolation




of acidity and minoral requirenents to habitat, ant on tho

possible cuistanco ol dilferent ecotypss of the same spocies.

(Qridation-reduction potential,

Pearsall (1938) found that the pH wvalues in tho Sghacnotun
of raised bog, where the conditions wore optimal for the rrouth
of the bog moss (specics not stated), varied betwcon L.17 and
Le62 at 10cm depth, most determinations giving a —cading o
4.2 or ko3 These soils are "reducin_?,

Hater requirements. The following species of uphana aro

arranged in order of water requiremcnt and mineral rcquireiont,

S, Cuspidatum low mineral requirememt
S. squarrosum high ] n
S. Papillosum high " n
S, tenellum intermediate "
S. Hagellanicum low u n
S. Fuscum Low " n
S. Imbricatum loy n n
Ss Rubellum low " n

Role of Sphacna in vepetation. Cortaln species .28 the

genus are tle characteristic dominants and primary peat forawers
of the many mosses or bogs which cover wide areas of flat or
gently slopin: or undulatin; land in the cooler regions of the
northern hcrmispherc, more especially the uneven nozrainisc ground
left bty the Pleistocence ice-sheets, Starting with acuatic spicles

in the innumsrable pools or lakelets occupying tlo hollois, or



with less hydrophytlc specio: on valley bog; fen ox forect
vegetation in a suiticiontly moist climate, t¢ie boy iioscos nay
spread far and wide over surrowadin: verctation, tin noro
hyarophytic being succceded by less hydrophytic spccios. In
this way the noss bogs have destroyed and buried (reub arcas

of fon or forest more than oncé in post-glacial timcs, probably
aluays as the rosult of change froa a drier ‘o a vebttor clinato,
Ouing to the poculiar structurc of its tigsucc alrcudy ceseribed
Sphagnun carrics its oun water vith it co iv rous wrrards and
outwards., Thus a pad or cushion of onw oi tho losc Lydrophyiic
bog mosses forms an extending shoot caturated witi tvater and
with a convex uppor surface, and the raised bos; as a vhole is an
aggregato of ouch chocts, also with a slightly convex surface,
since the centro of the bog represcats its oldect cnd thereiare
its highest jart.

The olde., lowor laycrs oi tho moss are cub oif iroa lighd
and air by the living surface layer; and progressively die.
Conpresscd bty the increasing superincumbent woight as the moss
rises higher, and unalle to decay complotely ouin to absonce
of free oxygen and of the normal action of soil bactoria, tho
lover layers of moss arc conve:ted into typical acid bog or noss
pcat, whose antiscptic propertics are well imoum irou tiwo
wvonderfully couploti preservation aftcr many coniturles oL var.ous I
objects, imcludin_ tho bodies o: animals and «on, that kavo been
buried in the bog.

Such a raised bog is not houever a simplc s of Spnacmugl,

but has a complex structurc, In the {irst place it is ceaposed




of vory numerous aggre;ated Sphagnun cushions or harziocks, In

each of which pro:ressian from aquatic or subaquatic spocioc

at the base can te traced upsards to the more xoronorphic cpeclos
at the surmit of the cushion, Ard secondly it is inhabited Ly a
numbor of specics of oxyphilous vascular plants wihosc reanlns

form part, somstizids the greater part, of tho pcat. ke chapo

an d groutn of the individual cushions reflect in nctto thozo ol the
bog as a whole. Tho structure of a raiscd bog will be deccribad

in more dotail in connexion with ths Irish raiscd Lozgs.

Sphagnctun in Great Britain. A great deal of Opuacaun poat

has teen formed in tho British Isles during tho wettor climatic
epochs of the post~-;lacial poriod. But in the lovlands oo :nZland
Lphagnota are now mainly met with in sandy heath a.eas wioro the
drainage is inpeded so that acid soil wator accumletes. Tiege
"yet heath" Sphasnota with their asgociated spacics of flowcring
plants are really "valley bogs" of limited extont, and shay.g

" floristic composition quite similar to, thoush not identical with,
those of raised and blanket bogs, Other species of Spha za occur
in cortain wet woeds and on certain fens under apprepriato
conditions. On the uplands Gpaarnetum doos not 107 COVOR any
large areas of Creat Britain. In many upland regions poat 1o nou
being activoly eroded, though in tho wettest cliimbes, and locally
whore the necessary cdaphic conditions are realised, peat is still
bein; formed. Tansley 1939 seys that "ic ic doubtiul ii an
unspoiled exanplo now exists, thouzh thore may be come in tho

Lake District and neighboring roglons cescee

wees. The only availatle description of a Scobtisn raised bog
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yith which to comsare iioortiwaite ilocs" is that of a smnll but

very perfect exauple completely encloscd Ly nmatwo piusguocd on

tiz Coubh-tlestorn side of Leck laree in Ross-ciire,
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"_ Fic. 188. Diacray oF SMALL RAISED BoG at Locit MAREE (Ross-sﬁma)
: The bog is developed on a terrace of the steeply sloping hillside and is entirely surrounded by
 native pinewood. The thicker arrows show the stoeper slopes. (This diagram is drawn from
‘memory and the boundaries and scale are only approximate.) CE Pl 115, phot. 282,
which is taken from the hillsidc at the south-west end of tho bog (top of the dingram),

. spproximately from the position of the vertical arrow. -




The followin; specics were recorded in 8 small raised bog at

Locl: rarecs

(1) Lag: (in cnd rear the stream):

Jolinia caerulea d
Sphagnum papillosuia cd Calluna vulsarisa;
5. recwrvum cd Carex nanicca
8. plumulosun £ Potcntilla erccia
Juncus cffusus o-la Erica tetralix

+» Not floyerin; freoly
(2) Iarginal Calluna zone:
Calluna vulgaris®  d Potentilla erocta
liolinia cacrulea a ~ Drosera rotundiZolia
Sphasnua papillosuva
+ Tlovering frecly.

(3) Regeroration conploxs

In pools and hollows Forming hurmocls
Spaagmun cuspidatvia var. Sphagmum papillcsun
subiersurn a
S« plumulozun
S. inundatum r

ty

Lo T o

a

f-a

S. magellanicun (m2diva) o

Rhynchospora alka a
S, rubellum (suriits)
Drosera anglica a

Eriophorun angustifoling f-a

Carcx puliecaris o

Z

Sphagmmn tenellun (molluscum), Rhacomitriun lasu inosun and

Hypnum cupressiiorae were scatterad on the humoels.




() tiore static arca, This contained the follewin; adcitional specics:

Eriophorum vaginatun a-1d Brica tetralix Y
Narthecium ossifrasum & pedicularis sylvatica o-1f
¥Holinia caerulea f-la Juncus Squarrosus o
Potentilla erocta £f-la Scirpus ceegpitogus o0
Drosera rotundifolia £ Carex panicea 0
Calluna vulgaris £ C.stellulata by

| Seedlings of Pinus sylvestris were abundant.
(5) "Islonds" (rock outcrops):

Calluna vulgaric a=-d Hyprun schreberi £
llolinia caerulea £ Dicranun scopariwi o
Pteridium aquilinum £ Hylocomiun loroum o
Agrostis canina o H.splondens o
Juncus effusus 2 Thuidiun tamnriscima o

Vaccinium myrtillus o
Pinmus silvestris (d&warfed) ¥ Cladonia sylvatica 0

Ilex aquifoliun o Cesuncialis 0




Compare this witis -

Ioortlmraite less Cunbearland. Fro-



g 8045y Peon @ site ng,
Collma . - .
@ Pmus- ’ ‘)b\'t\ a \0m - ' -~ /V®

\,JOOD \
gl 2
\. l‘ \ @
®',© |
@ \\@ \ /
® % o

WOOoVD.




- 6l -
tion of its success.

It 1s reasonably clear, however, that during the
past 5000 years or more the dominant determinant of vegetation
,_has been human actlvity with deaphic and climatic factors play-
ing but a secondary role.

THE_CLIUATIC OPTIIUM

The concopt of a period of postaﬁlaeial_elinatic
optimum ié difficult in apply in the face of inmcreasing lkmov-
‘ledge of the autecologies of difforeont spacies. In tho
Cumborland Lowland itsclf thore were no vegetation changes
certainly indicative of " improved! thermal conditions aftor
about 6000 B.Cs In the region immediately south of the Leke
~ District hills, hwwever, the occurrence of Jilia cordata on
‘base-rich soils (Smith 1958, 19593 0ldfield 19G0b; Ualker 19550)
cannot be similarly dismissed. The pattern of the spread of T,
cordata through Great Britain (Godwin 1956) certainly suggests
~ that its extension vas sloved by compstition fron the existing
closed forests of oak and elm and that it did not roach the
north-wvest until very late, possibly long after the region
became climatically suited to it. Its very ostablishment at the
1imit of its range im Zone ViIa under these conditions argues
a change in the factors determining forest composition walch is
difficult to attribute to anything other than climate. The
virtual,absence of Tilia in Cuuberland at tho time may have
been due to the absence of suitable soils but it might equally
have been true that any climatic chango failed to transgress
the threshold of tolerance fqr Tilia in that region.
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The humidity of the region was evident alroady in
late~Clacial time (part VI). There is no pollen analytical
evidence for a dry period at any time in tho post-Glacial.
The extension of Alnus glutinosa in Zones C12 (Boreal-Atlantic
Transition) is attributed to an effective increase in rainfall
ﬁhich may have been going on for some time already (part VII).
It is certain, howvever, that evidence of imcrcased precilplta-
tion is more likely to be preserved in organic deposits than 1s
evidence of desiccation, so that a lack of ovidence for dryer
periods does not preclude their having occurred.

As far as it goes, thereforas, the evidencc suzgests

that a thermal ‘'optimum* might have been achioved carly in the

 post-Glacial and that increases in procipitationp ovaporation
ratio occurred from time to time throughout the period.
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northward into the Cumwhitton Moss basin, but this could only
have functioned if the water level had stood absove 120 @ 0.D.
an order of level for vhich there is no evidence in the
stratigraphy.

The melting of tho ice block vas followed by tho
accunulation of a sandy cillt vhich bocame progressivoly nore
nmuddy as time want on but never bacams very organlec. Tils
deposit might reprsgent only a remnant of a formerly greator
extension, removed from the edges of the basin by subsoquont
erosion. Above 1%, silty clay-rud was laid down during Zonos
Cl, €2 and early GJ (I)e The pollen diagram indlcates hou
barren was the vegetation of this pariod.s Only Myriophylivm
alterniflorum could really flourish in such oligotmphic
conditions, although Alisma plantago-aquatica, Sparganium sp.
and Nymphaea ¢f. alba were sparesly représented whnilst grassos,
sedges, Thalictrum sp. and Filipendule ulmaria formod poor
fringing fens, probably incompletely covering the ground and
hardly distinguishable from the communities occupying the dricr
and higher land,The later half of Zoms €3 (I) witnessed tho
deposition first of fine sand and thon (in'ZOns Ck) of coarse
sand aml gravel which can oly have resulted from tho ro=
distribatidon of earlicr-deposited material from the upRor slogcs
of the basin. A pronounced change in water=table may nave
been sufficisnt to account for this, but the uppor parts of
the depesit are very mixed, suégesting the downslope solifluectir
movement of unsorted material under freeze-thav conditions.

The pollen analytical data do not indicate any major ecological

—<i
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change in the kasin during this poricd. Tho consistont
presenao of Sphagnum sporcs (ca. 203 AcP.) is perhaps of
interest, but night bo due to tholr secondary incorporation
with soliflucted matorial. |

After this opisode the formation of truly organie
deposits in the basin boguu, The Lirst gtage, covoring Zones
C5, C6 and carly 67 (II and sarly IIX) resultcd in up to 498 cm
of nekron mud boing Copcsited bemeath the lako up to a
maximum height of 3.5 @ bolow site datumy i.e. about 117 B 0D,
The pollen diagrsm is rather unihformative about the lako
vegetation during this period, It is evidont that
Hyriophyllum alterniflorum vas much less important than forpmorly
but there is no indicaticn of vhat replaced it. It may bo
that the more stablo conditions around the margins, resulting
in a diminution in the quéntity of inorganic matorial supplied
to the lake, thereby rendored the lake water intolortbly poor
in nutrients to anything other than micro-organisms. Apart
from an iselated maximum ¢f Filipendula uwlmaria pellen crd
the persisting Thalictrum sp. the fringing fons nust havwo boon
largely dominated by grassces.

During the latter part of Zoms C7 and Zomo C8 (III) samd
wvas once agaln washed into the ialke, although not on tho sealo .
of Zones C3 and C%, Indecd, no more rigorous conditions ths
& change in wator tabley, or the slight oxposurc of surrounding
slopes to wator erosion, ssem necessary to explain this

change, particularly cs the deposition of nokron mud comtinm’
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continued throughout. Tho only rccorded fLloristic chanre of
any substance was the continued diminution of M. altorniflorum
punctuated at the top of Zono €8 (III) by a.tomporary maxinum,
perhaps only at the site of the pollen disgrem; and the sudden
abundance of Ranunculus sect. Batrachium. in tho frinzing
feons, as in the dry-lend vesetation, sedges perhaps cploced
grasses in part,; but there is no other indicalion of chanse
there.

With the openins of Zone €9 (IV=V), alloc:thonous
material became very rare in the l=ke mud; whilst in the
latter part of the zone the muds boecame firsly dotritaly
suggesting overgrowth and the initiation of a hydrossre, at
least at the edges. During Zone CY at least helf & =otre of
organic nad accamulated and the water level cannot nuve bacemn
more than 2,5 bslow site datumy i.e. bolovw 118 m 0.D., As
the curves for M, alterniflorum and R, sect. Bairachium fall
in the pollen diagrams, that of Nymphaea rises to toke their
place whilst abundant maeroécopic renains near the top of <hoe
zone indicate the presence of N, albka and Potamogecton natans in
quafhtity., Marglnally grass and sédge fens undoubtedly bozen
to encroach on the lakeg Thalictrum first and then Filipondula
ulmaria dimished in inportance, presumably as or-anic
accunulations reduced the accessibility of mine.al soil.
During this zone, thcerefore; the organic productivity of the
lake and the s urrounding mires was evidently auch incrcased.
There is no stratigraphic ovidence of enrichment by the inflow

of new materials from the surroundings, nor vas the naturc of
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the sediment on the lake botiom markedly difforent fron thot
wvhich had bsen available since the end of Zone C&% (I). %
secms probable, therefore, that this nerked, erndfairly repild,
change was lagely the result of the climatic amelioratlon b
the boginning of the post-Glacizl period (sensustiicte).

During Zone Ci10 (VI) the ovorzrowth of tho lcke by
mire communitles continued. The stratigraphy is confusing
but there sesms little d oubt that fens encroached fronm the
northern margin, throush the deposits of wvhich tho »ol en
diarram passes. By the middle of Zone Cl0 thesc foas hed
replaced the aquatic communities of N. alba and P, anatens,
which had Been joined at the begimnninz of the zcns Ly agqustic
species of Sphagnum, sugrcsting the haginning of acidificction
of the lake. The fen deposits of this period still contain a
large sedimentary fraction indicutine that t hey were siill
being laid down bslow water lewely which camnot hive nBtood
more than 2 m below the site datum, i.e.118 m 0.D., at the ond
of Zone C10, The a bundant remains of trees in the mud,
particulcrly those of Betula pubescens, sugrest chab ile initial
colonizing comunities were of the swvamp-carr tyge (Lanksrt
1951). At the south side of the basin, hovewer, Sphscnun
peat, at first with a f@w'sedgesg directly ovcrloys the loke
nuds attributable to Zone C9. HMorcover, ugless shelr origin
ba ascribed to the neighbouring Cumhitton loss, she high

values cf Sphagnum spores and Callume pollen in the diupren fron
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late in Zone C10 onwards must indicetc the active grovth of
bogs in the basin. It th@refofe scems necassary to s upldse
that, whilst swamp-carr occupied the northern part of the
basin, a Sphagnum bog was developing on the southarnbanzs
and aquatic Sphagha were invading the water surfeace of the
lake itsells (It may.ba significent in this conmoxion that
the field immediately to the south of the basin uncil very
recently contained a‘soodland growing over a Calluna heath
on shallow psat over a very well-dc¢voloped podzol profile).
This pattern persisted turoughout %omss €10, C1l and Gi: (VI),
the bog steadily encroacning on the svamp-carr and £inally
replacing 1t. This replaceaent was probably not a vory
regular process and its uncertainéies accuunt for the
chronological hiatus in tho polien dlagram batucen the top of
Zone Cl2 and the baso of Zone Ci9, an interval reproescnted
by only 25 cm of dépositso

Barly in Zone Cly, Sphagnun bog extemded ag far
northward as the site of the pollen dlagram end probably
rapidly covered the rest 5f the uire thereaitor. It is
difficult to determine when, if ever, this bog hbascane
independent of topogonous vater. The high Cuiluna values &t
the toup of the pollen diagram might indicate this change,
wich which an increascd frequenty of drier habitats wuld
probably have'been;assoeiated, but they might oqually derive
from vegetation on heaths outside oiie basin iwelf. It is

evident from historical records and nicrotopographic evidenco,
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however, that Moorthwaite Moss had groun up to comsidoralbly
‘above its present surface level by the lMiddlc Ages, prosuably
as an ombrogenous raised bog.

The most notable ecological changes at Moorthuailto
Moss which which stratigraphic breaks are associated ares (i)
the accumulation of samdy clay mud in an oligotrphic lcke
durihg Zones Cl and C2 leading, in Zoms C3, to tho deposition
of vhat is probably a solifluction deposits (i1) tho
beginning of organic accumulation immediately after this
event; (41ii) the overgrowth of tho lake by swamp=cory fron
the north and Spharnum from the south, beginning 4n Zone €103
and (iv) the final overgrowth of the whole busin by Sakannuns
dominated bhog communities. There is no stron: cvidenco for
major changes in water level at eany timo, aldpugh the Jorest
water-igvél.compatible ulth accumulation of the deposits
naturally risses as the basin £ills. The instadility of the
rarginal slopaes rosulted in the imsash of lnorcanie 7ciorial
into the lake. At ioorthuaite Hoss it exteonded 0.4 Lae
latter part of Zomne C7 (IXII) through Zons C8 (TIX),

The inwash of inorganic materials ard accurulation
of inorganic sedizents ceased at the begimninz of Zom G2
(IV = V). Froa %that time onwards there is no indiection in
the sediments of the physical conditions of the ®ils 9f the
surrounding slopes.

Aauatic verstation

The general development of the hydrosere hasboen
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described. At Moorthwaltec lMoss tho kasin harbourcd an
open pool with varying frequencles of Myriophyllum altorniflorun
and rare Nymphaeca alba, Alisma platago aquatica and paﬁr and
narrov marginal fens thiroughout Zonos C1l %o C8 (I-IIX),
Zone (9 (1V-V) witnessed the bogimning of rapid eoxtension of
swamp earr and Sphagnum rafts into the opan vator. Sous
detorication &im conditions was being feflected iz the
increasing barrenfess of the lakes at Moorthwaite liogss, Oneo
the inhibitions of Zones C7 and €8 (III) were passed, houovor,

hydrosere dewelopuent was very quick.

Lond Vesetation

Some aspects of the pollend iagram frou the site
are suéharized in figureso In the figure acomron vortical
scale has been adopteqd, A purely erbitrary spax haskscn
allotted tc Zonos C1l to CY imeclusive., Finally, sc:ple levels
from the separate sites hove bsen distributed tursizh ceeh
separate zonz at distances proportionul to ¢ eir originsl
intervels at the points of sampling. The pollen freuuencies
shoun on the diagrem howve boen recelceculated . n & ney barise
The new "pollen sum!’coupriscs ell comnonly oceurring treeg
and shrubs (Betula spp., Pinusg, Corylus, Salix, Juniforus), and
herbs judzed to be at least mainly occupying aineral eoils at
most sites, and the Friceles (Calluna, Bapstrur). ¢ho horb
section is divided 1lnto twec componsantsy, viz, those tyzses thougl
to deriws {wun drier soils (Gremineco, Avtemisia, Ruaox,

Plantago, Hellenthemum, Armoria) ~nd the others more likely ¢o




o 3 =
represent coraunitics on damper scils (Cyperaceco, Caryophyll-
aceas (Stellaria type), Compositae, cfuciferae, Rubiaccao,
Umbslliferae, Chenopodiaccas). In the first section of the
diagran the curves for each tree and shrudb type are shovny
individual frequencies baing chlculated as percentazosof tho
"pollen sum’, as well as a:mpos?te curves for oach of tho four
main sections of tho pollen rain referred to dove caleulcted
on the same basis. YThe second part‘of tho diagron
illustrates frequency wariations within tho rrouy of lorbs
characteristic of dry ground, valuos bsing percontages of tho
total for this group ¢f pollcn types alonc., In the third
section the herbs of demp grouv are similarly trecated. The
original zonation of this past of eaeh of the original psllen
diagrams (parts II to 1V) was based oa the chanzing balanes
between the curves for the pollca of tress and shrubs crnd that
for the sum of herbaceousheliophytes of dry land, eriations
of individual curves amongst tho herbs did not contribuate So
that primary zonation oo that any correlation ncir ggtallished
batween suvch individual curves or -Egtuesn them and the Hrimary
chronology is not simply the result of tho origincl zorotion
technique,

The most striking featurc of these dilagroms s tho
dcminance of herd nollen over that of troes ca? shrubs from
Zono Ch to Zone C8 inclusive. In view of tho crizeris on vhich
the herbaceous coapononts have bsen selcetcd this nust 1ply
a predominantly open, alrost treeless; vegctation throuszhoub

the late-=Glacial poriod, Dustng Zone €2 (lioorthweite), nowever
? 9
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there 1s evidence for more ebundant tree srowth.

The rate at vhich the herbaceous communities vore
replaced by trees and shrubs is interssting. At lMoorthwaite
change was hardly wcomplctely eaccomplished in 1000 yeors.

All the tress and shrubs which were available at the
éite inecreased their froquencies more or less sinultaneously
during Zone C5, This must imply a lack of compstition .
between these plants all of which must havwe been within ths
limits of their climatic tolerance and readily availablo from
" outside the area or from isolated stands vitain it. IXndoed,
compeﬁ%gn bettreqn the woody plants secems not to have khaon
important until the emd of Zono C9 when Corylus befaa ifs
great expiansion. The shade-intolerznt Junipzrus wersisted
at least from the middle c¢& Zone C6 throughout Zonc €Y until
the expcnsion of Corylus bsranms Thig, es well us sho acrallel
but less continoous cccurrsnce of mony herbs (6.g. Rumex ef.
acetoselle), must indiecte thot the high birch froyvencies of
Zone C9 are not neccessarily to bz intorproted as tho nraoduet
of closed uniform tirch Torest but of birch woséland with
abundant cleariﬁgs and opecm places fringedy or tchally
occupied, byjuniper and willow thickets and into waich the
hazel cculd quickiy pencizctey; €.7. the ond of Zome C9.

At Moorthwaite a particuler change tekes longer %o achicve
andy as a corollary, is usuvally not well defirsc¢ for & nuabor
of othervise separate phenomena necessarily ovezlap. 4t

Hoorthwaite herbs of the dry soil group prepondorate throushout.
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Within the framework of these general obsorvations,
end using evidenco from all the pollen diagrams and from
macroscopic identifications from the site, tho soquence and
pattern of vegetation development during thispioneer periocd
will be described,

During the Cumbrian Oscillation (Zonos C1 to CY%
ineclusive) the vegstation appears to.have been v redorinantly
Berbaceous. 4 wide varicety of gonera are reprasented im tho
pollen diagrams (e.g. Artemisia, Rumex, Filipondula, Thulictruan,
Cempanula, Armeria, Koenigia), but it is difficult ¢o
associate these in distinet ecological groups cxcopt by picking
outt those most characterigtic of drier soils. This is the
group whieh sufferad nost at e expension of Betilde cnd Pinus
which cheracterizes 4ons €2 and vaich almost certalnly
represenss a grcater oxpansion of woodlend asecas than cceuvred
at any subsequent time during the late=Glacial jeoriod. It
is notable that Juniperus is not vecorded bsiore the ond of
Zone Ch. It seems very likely that Zone Cl wes & »z:lod of
more or less couplete veretation cover most of wiileh wes
herbaceous and susceptible to rapid and epheneral chanre
induced by physical chonges which nust uave been relatively
frequent during the scrly topogrophical and scil d evelopzont
following the retreat of the Mein Glaclation ice. Botunl
(probably ineluding 5. nana) and Pinus ve:e wlroady prosont
and expzndad onto tho drier, and probably more stcble, solls

toward the end of the zone to cgtablish the wegetation pottorn
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diagnostic of Zone C2. In that zZono there is little doudt
that thevegetation wus still diaznostic of Zone C2. In &hit
zone there is 1little doubt that thevezotction wes sPill _ue-
dominently herbaceous but with & libzrel scatter of Divelh cnd pine
although how far those wero of severely locel sigrnificencc is
difficult to judge from a single diagrum froa this perlod.
In Zone C3 these treas, perticuarly the pine, koctuc locg
frequent and the vegetction seens ﬁirtually t2 have rciurncd to
its Zone Cl condition, ‘Those changes continued into Zonc Chk
in wnich the plants of drier soils, notably Graminece and
Rumex c¢f. acetosella, seem to have assured even groater inpori-
ance amongst the herbaceous florza, at lezst in the u)pse Jery
of the zone at Moortavaite. It is difficult to avoid latsrhrdt-
ing these rocerds &s indlc:tive of an open tundru-or steppe=like
vegetation with rarc tree virenes,; und possilly pinres; in
perticularly favoured localities (by reason of t:isir asaeet
or soil) but morc cxtensive shrubte:ics of dvarf »irch and
willows, It moy well nuve been a veretaticn in whien
comaunities were not well differentiated fory; &s in the earlier
zones, therc is little of the interplmy betwesn tue curves for
for various species waich Locouzs suceh a chuaracteristic of the
folloving late=Glacisl poriod,

Duri ng Zone CH, which i5 correlatcd with Ihs

begimning of the Allergd pzricd; birches bocuqe renorally
more ebundant over the wiols reriond Tha ilaecrctso of birch
pollen in the pollen ruin secms duc largsly to ihe expznsion
of tree birches and vas maintained during Zone C6. Tho pim

expanded later (i.e@. in Zone C6) and less merkedly than the
%
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birch and this might i ndicute only e slight Oxtenslon of iis
range boyond its Zono C4 refugia or alternctively & nrochor
vigour within those same creas. Nevertheless; a Jositive
increase in the guccess of Pinus is indiccted and thewe cea bo
no doubt that the tree was in Cuzberland in late-Glociul i
although apparently less ebundant thon than at the heisht

of the Cuntrian Osclliction. Juniparus firsd cssus3d
importence in Zone C) and seoe’s to hove bacn more atundant
then then in Zone C6s This might bo expl.ined by sudugssing
the shrub to have occupied sites dvwing C5 waich wcre
subsequently colonizod by birch or pinc, DBut if the releosive
frequencies of pollen tyoes are ony guide, tacse gites nuss
have been £ ew for nerheccous pollon is stlll clecrly dominart.
Empetrum must havo been an infrequent, but widely 13 otributed,
plant during this tine.

The gentler hills beyond the immcdicte mwrgins of
Hoorthwvelte lioss, aust hove been covered by & pred 2dncstly
grassy vesetation in unich ruderals played a relctively
insignificant part.

Zones C5 and €6, therofore, withessed tho extzusion
of wooded areas and the stabilization of the renmglning
herbaceous swards. It is possible that smell sitches of
more or loss closod woodlernd did develop but tac wcirhé of
cvidence suggests thut these wore uncoiamon. Diflcrontiation
botwaen the drier slopes with closed grossland cad the dzop

hollows with poor fens became pronounced.
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" Already towards the end of Zone C6 the .froquoney
of the trees had bogun to decrease and theequilibriun which
had taken place betueen 300 and LO0 years ¢ o mhievo and
had bsen maintained for ar ather shorter period; tookonly
about 150 years to disrupt. At &ll the sites the transition
from Zone C6 to C7 which marks this disruption is charaetorised
by a dininution in importance of the pollen of treecs and a
disproportionate increase in the importance of pollen of
damp so0il herbs vhen compared with than of herbs frono d»i »
habitats., Thius phase of apparent success of d amp soil
plants was probably about 750 jears at Moorthwaite. - Tho
gonera contributing to thils expansion varied but undoubtedly
the Cyperaceae played the gajor part, At the time of tho
initiation of tiese changes; the d ry-soil cozmponent of tho
herbaceous vegetation bsgun a sequence of highly charactoristic
changes. The frequencles of grass pollen in tho diagrams
from theo drier sites fall whilst those of Rumex cf. acetosella
sustain temporary, but well morked maxima., This is folloved
by a considerable increase in the frequsncy of Artemisia
pollen together with & more or less pronounced £all in the
relative level of Rumeix, The phsse of abundant Artomisia
is not clearly marked but there canbs no doubt that this uvas a
pericd of promohned vegotational instability in wiich a
reassortment of coummunities took place. The fLinal diminution
6f Artemisia colncided with a small maximum of Rumex cf£,
acoetosella which then remained as a fairly small but

consistent component of the herbaceous vegetation until
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the great sxpansién of the forest trees im Zom C10. This
sequence of vegetation changes lasted for about £00 yeurs.
The points on the pollen diagram from which this tice period is
assessed are, of course, more or less arbitrarily determined
because the changes Lrom one phase to znother are rarely
sharply defined.

The period of vegetational instability broadly covers
Zones C7 and C8 (III), Theinstability is furthor emphasised
by'the records of Armeria vulgeris from the two zonss.

The performance of both pine and birch clearly
deteriorated throughout the rogion at the beginning of Zowe C7
{III) as did that of juniper at sites where it hed boen of
~some significance before, Salix seoms to have become more
abundant, This might be significant in view of the incrcased
importance of herbs tolerant of damp soil at the same t4m o

The r ecovery of ths trees which began during the lattor
part 6f‘this predominantly herbaceous period as restricted
dmost entirely to Betula by the end qf Zone C8, Pinus having
by then assumed the subordinate role which itwas to.=ep
throughout the rest of tae ploneer period. Méreoverp although
Juniperus might have begun to increase slightly vwith Betuwla
it nowhere roached its highest or most consistent values until
the expansion of the birch was woll adwanced. The birch cover
was never complete, that contincous tree birch forests were
not established. Further indications of the same face lie
in the low but consistently maintéined pollen f?equapeies of

Graminese and Rumex acetosella throughout the zone and the
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occasional records of Campanula, Polemonium, Artcmisig,
Plantago maritina and Ophloglossum. In addition Corylus
.avellana,; vhich can hirdly have boen fertilc undor a closged
birch canopy, attained considerable importance. A9
Moorthualte the trees guined supremucy considerably slowly,
indoed a steady statewns not achieved until after the
expansion of Colylus and the establishment of more thoruophilous
troes at akout 63200 B.C.

Empetrum had clearly beon presont throughouﬁ the
late-Glacial period in the region as a whole, although usuclly
rate and probably restricted to smcll creas cf tuss-pcor sand
or rocky aiterops.

Duri ng Zone €9 the vegetation of the regloa recuained
patchy. The mosdie was composed of open-canopy birch sood=
lands with Junipsrus, Corylus or falix along the ncrgims and
in the clearings, together with grasslands and with herb-rich
comrunities on the less steble soils and Empetrun in plecos
where s 0il acidity had quickly dcveloped. Thosc treoless
patches were encroached upon by woodlands wilithin which, howover
Cokylus continued to play an evers more important role largcly
at t he expense of horbs and Salix and, 1n some casey, of juniporus.
It was Corylus, too, which was able quickly to tako cdvantago
of the reduction in successdof the birches in some localitles,
which coincided with the first estcblishment of Ulmus end
Quereué and which brought to an end this period of picnsor

vegetation at about 6800 B.C.
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The following major tendencies were exhibited by the
vegetation as a wholes '

(a) During Zone C2 of the Cumbrian Oscillation Betula
and Pinus trees became an important component of the wvogetation,
only to lose this importance in the subsequent Zones C3 and Ck.

(b) On the whole, the relatively undifferchtiated or
widely diverse herbaccous communities of the later part of tho
Cumbrian Oscillation and the beginning of the Allergd Oscillation
(Zones C3 and C&%) were replaced by more stable communities in
Zones C5 and C6 in vwhich trees were of moderate importance.

(¢) This stability was broken down in a particularly
characteristic way during the latter part of Zone C6 and Zome C7.

(d) With the opening of Zone C9, trees bogan to play a
more important part in the vegetation cover than ever before; in
spite of their incomplete cover and differences in the degroes of
their importance from site to site.

The Causes of Vegetational Change

None of the plants recorded from the full- and latoe-
Glacial periods demand high artic or alpine conditions in thoir
modern habitats although some; e.g. Betula namna, Salix horbacea,
Montia fontana, Koenigia islandica, from other sites nearby are
certainly tolerant of such conditions, Only two species of this
group seem likely to be limited im their southerly extension by
high maximum summer temperatures; viz. Koenigia islandica (2#60)
and Salix herbacea (26 °C) (Dahl 1951), the limits for vhich are
modified to 21 to 22 OC and 23 to 25 OC respectively for the
British Isles (Conolly 1961), Many more seem to be intolerant

. of extreme cold at the present day, e.g. Armeria maritima,
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Helianthemum chamaecistus, Hippophae rhamnoides, Schocnoplectus
lacustris, Potamogeton trichoides. The time available vas
certainly adequate for a much greater development of birch
woodlands than fhe pollon diagrems indicate. 4 major ecological
factor mﬁst have inhibited them. In visw of the suitability of
all other ecological conditions for their spread it is éifficul®
to avoid aseribing their failure to a climatic check. At the
praesent day B. pubescens seems to be tolerant of both oceanic
and continental climates but reaches its northern limit at the
10 °C July isotherm. It therefore scems necessary to assume lov
summer temperatures during some parts of the full-and late-GRatidl

periods.
In Zone Cl at Moorthwaite Moss there are no records oth@?

than those of Helianthemum and Empetrum, Betula and Pinus which i
impose restrictions on a climatic interpretation. In the genoral ;
vegetational and sedimentary context the Pinus frequencies areo
difficult of interpretation but neither these nor the tree birch ‘
pollen records are sufficlently substantial to indiéate supmer
temperatures often exceeding 109C. The Helianthemum record, hov=
ever, though represented by only a feoy pollon grains, suggests
that winter temperaturos were not extreme, i.e. consistently bolows
- 20C¢ (Proctor 1956). Such conditions would not prevent the local
growth of the oceanic Empetrum nigrum. Morsover, thoy do not
necessarily imply serious physical disturbance of the soil as a
result of freecze~thaw action; a fact which corresponds well with

the apparent continuity of the herbaceous vegatation cover and the
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‘lack of accumulation of soliflucted material into tho basin. Tho
plants of Zone €2 are neither more nor less rostrictive on
climatic interpretation except that the increase in real abundance
of Betula and Pinus pollen must indicate a climatic ameliorationm,
probably a small rise in the maximum summer tomperature, whilst
the relative abundance of the latter might suggest loss occanic
conditions than applied at other times. The records from Zono
€3 are hardly more diagnostic. The falls in Beotula and Pinug
pollen curves at Moorthwaite Moss imply a returm to more exacting
temperature conditionss The continued presence of Helianthemum
indicates the infrequency of extreme winter tomperatures., This
zone has been correlated with the Scottish Readvamce glaciation
and culminated in severs solifluction movements at Moorthwaite
Moss. The vegetation data, whilst allowing a cooling of the
climate during this period and possibly a slight decrease in
continentality, do not require high arctic conditions to have
pertained around the edge of the Scottish Readvance ico. The
vegetation seems to indicate a moan January minimum somevhat
above Manley's estimate of 16°F (=90C) for inland Lake District
at this stage (Manley 1951, 1953).

Similar conditions seem to have continmued into Zone Cl.
In the latter part of this zone, which is thought to have been
contemporary with the final melting of the Scottish Rocadvance icg,
changes began vwhich continued through Zone €5 and culminated in
Zone C6. Junipaerus, first recorded in Zome Ck, became significant
in Zone C5. The absolute frequency of this pollen type is never ‘
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high however, and if the diminutions in Zone C6 are correctly
interpreted as the result of competition with trees for favourablec
sites, Juniperus camnot have formed Very extensive thickets of
tall bushes except in particularly favoured spots. According to
Iversen's (195%) interpretation of juniper ccology this might
imply that many otherwisc suitablo habitats were still snotre
" eovered in winter. Helianthemum cf. chamaecistus was present
indicating the gemeral infrequency of very cold winters. It is
possible that summey temperatures were only a little lover than
at present in the Cumberland Lowland, The general climatic indie-
cations for this period, therefore, are of an amelioration in
'which the summer temperatures increased markedly whilst the
winters remained cold enouvgh for much of the considerable pre-
cipitation to fall as snow, Such a regime, which nead have in-
volved little regular freezing of the ground; vwould accord well
with the absence of solifluction material in the basins and the
beginnings of organic accumulation there. The expansion of the
trees, however, was clearly inhibited more than the supposed
summer tempsrature levels demand, and this might have bsen the
effect of long, if comparatively warm, winters. It might also
have been an effect of severe wind blast which would be likoly
to have modified the success of trees and shrubs more than that
of herbaceous plants. The overall implication that sumumer
temperatures improved more than did winter tompsratures is in
agrpoement with Manley's (1951, 1953) estimates of a rise of 7°F
(400) in July mean but of only 1°F (0.50C) in January mean.
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Frost-thaw movement of the ground and the @stablishmont of
permafrost are inimical to the development of a continuous
and stable vegetation (Benninghoff 1952), The conditions
sqgégsted for the Allersdd period in this regiom; on tho con=
trary, seem iikely to have been conducive to the formation of
a more or less complete herbaceous covery with tho conssquent
stabilization of the ground surface.

A nevw vegetational instability had already bsgun
during the latter part of Zone €6 and continued through Zone
C7 into Zone C8. There was a small but rogional diminution
in the sﬁceess of trees, suggestive of a slight climatic
deterioration of some kind, Juniperus was also loss frequent
than before, indicating that areas novly vacalecd by trocs were
not reoccupled by Junipsrus presumably, although not necoss-
arily, because of some climatic limitation such as low tempora=
ture or exposure to cold winds. The herbacgous plants do not
indicate any marked temporature changes from the iogocdiately
preceding period. Helianthemum cf. chamaccistus was much
diminished, however, ecven at St Bees, suggesting tho possibility
of a decrease in mean maximum wintor temporature bolow - 2°C.
Armeria maritima, remains witness to the oceanicity of the
climate, as does Littorella uniflora. The minimal Yemperature
changes required botwecen the height of tho Allerdd period and
the most regorous conditions of Zones C7 and €8 (III) secm %o
be a lowering of thé maximum summer and minimum wintey temperaw

tures by a very sﬁall amount. Yet pronounced changes in the
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pattegn of herbaccous vegetation took place which suggest (a)
an ;ﬁereased érea of effectively wet soil, and (b) a completo
disruption of the dry-soil communities vhich remained lsading
to the'ﬁnpreeedented abundance of the runderal Artemisia thore.
An associated indication of soil conditions at the timo is the
aceﬁﬁulation of limited solifluction materials in all tho basins
investigated. If winter temperatures foll sufficlently to
induc@ moderétely frequent winter freezing of the froumd water
and the formation of patterned ground, this would almost
certainly inhibit the free drainage of soil water during the
sunmer thaws; even in areas formerly well drained. The arocas
most favoured for drainage would still be distrubed and the
growth of runderals would be encouraged there at the expensc
of continuous turf. There is positive evidence of the depau=
perationlof the phanerogamic flora at some time during Zones C7
and C8 perhaps implying a small temperature change vhich was
insufficient to affect the rest of the aquatic fauna and flora.
It seems that all the recorded vegetational and stratigraphic
changes during Zones C7 and €8 (IIXI) can be accounted for by a
small fall in wiﬁter temperatures enough to produce periodic
freeze and thaw of the ground and resultant solifluction move-
ments. The climatic indications of individual species, such as
they are, suggest vwinter temperatures commonly falling beloy =
20C but rarely exceeding - 89C and summer temperatures regularly
falling bslow 10°C, perhaps for only a relatively short period,
and frequently rising to about 149C in favoured localitios.




. -l -
Manley (1951, 1953) does not require such a fall in winter
temperatures but reaches a somevhat similar conclusion about
the fall in mean maximun summer temporatures betiresn the
Ailenﬁd and the post-Allergd climatic doterioration. IHis
: ﬁodification of theose conclusions for the north-vest of England
particularly (Manley 1959), seems to be in much closer agrecmant
with the present vegetational interpretation.

In Zone C9 richly organic mud accumulatéd and the
hydrosere gt the points of pollen analysis progressed without
any apparent.environmental checkeo

The herbaceous vegetation had hardly geined stability
before it was substantially replaced by trees and shrubse Nomno
of the plants.recorded from the zono require climatic conditions
more rigorous than those found in ‘the Cumborland Louland today.
It is only necessary, thsreforeﬁ to try to assess the dogrce and
rate of the climatic amelioration implieds Continuous forosts
were not immediately established although the compoments were
available in profusion. The temporary ebundance of Jumiperus, as
well as its continued frquency later, must imply the grouvth of
~Juniper thickets independent of snovw cover. The expansion of
Betula pubescens indicates the early achievement of mean summer
maxima considerably above 10°C.

During Zome C9, Corylus avellana certainly bscame
established early but not until the end of the zoneo did 1%
expand very markedly. Tree cover was mot comploto so that come

petition for sites £s unlikely to have inhibited its spreads 4%
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seems likely that temperature conditions restricted it to moro
favoured locelities. This would imply that mean July tempera=
turés did not generally exceed about 159C over the region as a
vhole. This conditioh does not conflict with the known tolere-
aﬁcé of any of.the other plahts recorded from the zome, although
possibiy somevhat marginallfor Pfilularia globuiifera. Winter
tamperatures.are difficult to assess, oven approximately, during
this period.' It is clear from the bshaviour Sf Juniporus, as
well as from that of Corylus, that snow did not lie long in
winter. This may have been a result of pronounced oceanicity of
the climate with relatively mild ﬁinterso As Corylus was ostabe
1lished during this period, if only in favoured localities, 1t is
difficult to imagine that the developusnt of closed Botula
pubescens forest was inhibited by a climatic factor alonc. Thé
.élimate cannot have been sufficiéntly favourable for trece growuth
fdr its effects to ovorcome the selactive éffeets of local edaphic
conditions, particularly where communities were alroady establishe
ed'whieh were particularly well adapted to both climatic and

edaphic conditions.
The opening of Zone Cl0 .(VI) at about 7000B.C. was

marked by a great expansion in the abundance of Corylus avellana
which must indicate a complete iack of climatic inhibition and
mean maximum summer temperatures of at least 159C and an absenco
of late spring frosts. The climatic amelioration from the middle
of Zone C8 until the énd of Zone C9, a period of about 1500 yoars,

need not have been great in order to account for the vegetation
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changes and, if it was not great, it evidently progresscd slowly.
. Thg rapid and marked change took place at about 7600 B.C., a
change of which those trees and shrubs already established with=
in the region in a plomesr rolc werc able most quiclkly to take
advantage. o
The determinants of vegetation change during the fulle

and late-Glacial and early post-Glacial perilods were primarily
| climatic ehanées of small magnitude which nevertheless crossed
and recrossed the tolprance thresholds of coumunitios and in-
dividual species, causing an almost continuous reassortmont of these

comnunities both directly and by affecting soll conditionse

The place of the Cumberland Lowland in the developing
vegetation pattern of the British Isles ia best appreciated by
comparing the record there with those from critically zoned sites
elsevhere omitting those within the larger upland masses. Tho
sites considered are Drymen (Domner 1957), Garscadden ilains
(Mitchell 19523 Donner 1957), Cennons Lough (Smith 1961b), Neasham
(Blackburn 1952), Witherslack Hall and Helton Tarn (Smith 1958),
Skelsmergh Tarn (Walker 1955a), Hawves Water (01df£icld 1960b), Star
Carr (Walker & Goodwin 195%), Moss Lake (Godﬁin 1959) , Aby
(Su_ggate & West 1959) and Hockham More (Godwin & Tallentire 1951)
These authors’ own interprotations of their diagrams have boen
accepted and comparisons attempted using the general British zZonaw
tion scheme without subdivision,

Bven the latter part of Zome I has not baen wideqy
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documented in the British Isles. [Howhere, however, tas closed
woodland established then and the vegetation was at the best
dominafed by hérbs with occasional shrubberies and rare pionesr
treasq At this stage the vegetation of the Cumberland Lowland
' seems to have been quite undifferentiated from that of the rest
of the Lowland Britaino
| . In Zone IX, however; some reglonal differentiation of
‘vegetation can be discerned. From East Anglia to Cunberland
birch woodlands vere established, their continuity roughly
decreasing from East Anglia and Lincolnshire, where pine was
also undoubtedly establlshed, towards the ﬁorthpwest where; in
‘all but the most favoured niches, herbaceous and shrub-dominatod
communitios still remained of paramougt importance. DBeyond, in
Northern Ireland and Southern Scotland, treelsss cormunities
stil1l predominated. At this ¢ime, therefore, the Cumberland
| Lowland vas in the van of tree migration,

During Zone III, whilst trees seem to have boen loss
successful than before all over the regiom comsidered with the
exception of the Hawes Wator basin, extension of herbaceous
conmmunitics seems to have been most marked in the north of England.
At most sites all eleuments of the Zone IX vegetation seem ¢o have
persisted, many in a drastically reduced condition. At Cannons
Lough in Northern Ireland shrubs and possibly rare biftch tress
became established, suggesting that their former absence might
have been due solely to lack of time for migration from farther

south and easte
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At Hockham Meore it is evident that the expansion of
the birch to form closed forests was rapidly accomplished af
the beginning of the posi=Glacilal periocd; and the same 1s true
of the Star Carr region. Farther west there scems to have been
' considerable variation from site to site., At loss Lake,
Witherslack Hall and Helton Tarn the rate of closuro of the
‘forest seems to have been intermediate hatween that alrcady
referred to:aﬁd the fairly slow spread documented in the
Cumberland Lowland and at Camnons Loughs At Hawes Uator,
Skelsmergh Tarn and Drymen forests segm to have been quickly
establisheds It may be conjectured that climatic conditions on
the whole were less conducive to forest development in thé northe=
west but that their effects were offset to some extont by other
peculiarly favourable ecological conditions (esg. solly aspect)
in many localities. The generally greater abundance of tho hazel
in early post-Glacial time in the north and wbst might well have
been a direct reflexion of a climatic gradient but it might also
have been due to the more open nature of the vegetation alrsady
established therc which allowed tho hazel ample opportunity to
establish and flower profusecly before the arrival of the true
forest trees.
b THE PZRIOD OF THERMOPHIIOUS VIGETATION

Hydrosere Development

Sphagnun-dominated bog grev at Moorthwraite by Zome Cl2,

the surface was still below the water-table of the surrounding

land and therefore not readily susceptidle to any small chnmges




5 in precipitation. At Moorthwaite Moss, the acidification chango
‘ took place in a large reservoir of open water surrounded by
| 7fringing vegetation into which a comsiderable volume of drainago
water must regularly have discharged. The devclopzent of oligo-
trophy undor thesc circumstances argues base-poor drainage water
which in turn suggests the development of lsached and acid soils
on the surrounding slopss.
At Moorthwaite Moss the site is unaffected by marine
changes during this periocd, and there is some slight evldence
" for lower water levels in Zones Cl2 end C13 than at carlier times.
At Mecorthwaite lloss wocdlands of thir stramp eaxry type
vere important, at Jeast during Zones €10 to €12 (VI) and from cik
(ViZa) onwards respectively. It may have been tho cstoblishment
of a drior type of fem woodland in Zome Cl2 which reduced accumula=
tion at Moorthwaite Moss until true bog conditions developed in
Zone €19 (VIIb). _
éhere was the tendency for opsn water, euthophic, lakes
to progress tovards oligotrophy and the final establishment of a
Sphagnurz-dominated bog, with or without an intorcalatcd fen wood-
lapid stage. There is no indication of cny developuent from fen
wvoodland towards the vegetation of the dry land of the time.
Seedlings and young trees, whilst intensley light-demending, are
wvell able to survive on all but.the nost vsterlogged soils and
these characteristics, together with its short gereration time afd
- in the vegetation took place during Zome Cl2. Betula pubescens was

evidently further rediiced at that time. It thereforc seems very
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1ikely that birch woodlands were loirgely replaced by alder
woodlands on waterlogged soils. It is also possiblc that some
of the wetter elm and oak woodlands vere, at lezst tenporarily,
affected by compotition from alder arcund their edges and
possibly by the intrusion of alder into their regenerztion cycles.

The success of the alder over tho birch sesms to have beon less
marked at Moorthwaite Mossk places evidently existed vhero birah
remained an important dominant throughout the forest porlod.

| Pollen of Tilia cordata is recorded cost corronly from

‘different zones: The number of graims recorded 4is so small,
however, as to make it virtually certain that this spceies was
not part of the vegetatiom of the Cumberland Lovland. EHedora
helix was clearly a frequent and flovwering plant from Zone Cll
onwvards. Only one pollen grain of Hedera is recordod fLrom Zone
C10 at Moorthwalte but subsequently there is no significant
difference in the distribution of this pollen type from zomo
zone or site to site, 1f its occurrences are assessed against the

number of samples examined.

Thres procasses, active during this period, must be
explained, viz. (a) the great expansion Gf Corylus folloved by
the arrival of Ulmus and Quercus and thelr ostablishment as tho
most significant dominants in the vegotationg (b) the encroachmert
of Quercus throvghout the period on areas occuplced by Pinus amd
Ulmusg and (¢) the establishment and expansion of Alnus in coim-

petition with Betula.
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Corylus was already a constituent of the vegetation in
Zone €9 (IV-V), although probably restricted to the wost favourkble,
frost-free, localities. Its failurc to extend substantizlly oute
side these for over & thousand years seems to lmply 2 climatic
limitation which was eovidently overcome at the beginning of Zone
€10 (Vi) i.e. at about 7000 B.C. Followed, as it was, by the
immigration of Ulmus and Quercus frcm great distances awvay, tho
most likely cause of the Corylus oxpansion into the Betula wood-
lands ssems to have been 2 rise in summer temperaturos together
with an almost total eradieation of spring frosts. lean maximum
summer temperatures above 15°C seem probale., Corylus expanded
before Ulmus and Quercus because its slightly greater tolerance
of cold, together with its short generation time and i1ts aggrossive
invasion of 1light habitats, allowed it to cross Buropo ahead of
the otherms The first arrivals in the British Isles may, indedd,
have followed a western routey; with its morc occanic climate; in
order to spread rapidly north-ward., Ulmus and Quercus arrived in
the area at sbout the same tize. It may be that the occanicity
of the vest favoured the germination of tho frost=suscoptible
agcorns and so, at least in part, offset the suporficilally moro
efficient dispersal meschanism of the elms The arrival and first
establishment of thesq troes does not indicate any substential
amelioration in climate beyond that already required by the bee
haviour of Corylus. The apparent failure of the oaks to sproad
so quickly as the elm once both had arrived may well have becn the

result of tho oaks! need for long warm summer poeriods for repeatod
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production of heavy crops of frulit. Judging from the records of
Hedera helix such conditions had developed by Zone Cll (about 6300EC)
when also the mean temparatures for the coldest winter month must
have emcesded about 1.5°C,

The forests which were so established were not stable,
although the explanation of their establishment iaplies that they
were in balance at least with the teuperature conditions of the
prevailing climate. The progressive modification of tihe forest
composition, resulting from the success of Quercus at the exponse
of Pinus and more particularly Ulﬁus, could have bsen due to the
depaupsration of the soil and the formation of mor by leaching
under the oceanic conditions which prevailed,

The immigration bshaviour of Aluus glutinose has beon
interpreted principally as its replecement of Betula pubsscens @m
poor, waterlogged soil and its slight intrusion into tho forest
of dryer and better soils. It has frequently bcen obscrved that
the tempsrature recuirements of A. glutinosa are no less great than
those of the forest trees which-&ere growing in wvestcrn Europe long
befoﬁe its arrival theres The relative delay in its establishment
is variously attributed to insufficiently damp conditions along
1ts migration route (Godwin 1956) or to a want of adoyunte sumumer
warmth in the west (Firbas 19%9s; Kubitzldl 1961) or to inefficlent
seed dispersal without the aid of suiteble running vater (McVean
1956b) s There can be no doubt that a few alder troos grew in the
Cumberland Lowland during Zone Cll and that thes¢ vere in inland,
as well as coastal, sitese The expansion during Domne Cl2 (Boreal-

Atlantic Transition) occurred both within and beyond tho tract

,;
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immediately affected by the rising sea of the time, so this
factor alone cannot have been directly and totally responsible
for the change in the vogetation. In competition with B.
pubescens, stable spring weather (1.8, the absence of lato
cold spells and strong winds) and more consistently high
ground water tables with but rare periods of drought for the
seedlings seem likely to have been the factors most conducivo
to the spread of A, glutinosa. Alﬁhough not all aspects of
and extremoly oceanic &limate are favourable to the alder
(McVean 1956b), it is difficult to see hovw the changes docu=-
mented above could have been attained other than by an increase
in the precipitations evaporation ratio through a critical
range during Zone Cl2. It does not seem necessary, howevor,
to suppose this to have been sudden. Oh the contrary, tho
evidence suggests that in this region it was the culmination
of climatic tendencies which had been reducing the conmpetitive

power of the birch for some time.

The major vegetational changes during this period

. seem to be accountable by assuming a substantial rise in

summer temperature maxima and winter temperature minima at
about 7000 B.C. and a subsequent increase in procipitations
evaporation ratio. These are two components of a markedly °
oceanic limate but they did not apparently progress at
directly related rates. Thus the temperaturs change is best
envisaged as the culmination of the rather slovor amelioration

which had been in progress since about 8500 B.C., under
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humidity conditions which had already long before become dis-
tinctiy oceanic. Tho rainfall was learly adequate then to
 alloy the development of ‘mor' soils but it was mot until
about 5500 B,C. that a further rise in the precipitations
evaporation ratio first began to affect the vegetation of the
. partially waterlogged soils. It is conveivable; that even
though precipitation might have increased ragularly_from the
.ea§liest post-Glacial (C9, IV) onwards, the establishment of
forests itself temporarily retarded the overall effects of
this increase, by raising the rate and amount of vater loss by
trénspiration. There is no positive eviédence for a 'Boreall
period of propounced dryness in this region. It seems likely
that the temperature changes were part of a general amelioration
- accompanying deglaciation while the humidity chage was the result
.of the eustatic extension of the oceans exacerbated in this
region by the extensive flooding of the shallower areas of the
Irish Ssa to which it gave rise.

The tendency for bog to replace more outrophic forma-
tions developed in Zone C1l6 (VIIa). Thereafter, proably into
‘ths Christian era, the mire grew upwards as Sphagnur-doninated
units. So far as can be ascertained, the greater part of the
central area of each of these bogs rose above the main effects

of ground water during the following zone, C19,
| .The time of achievement of independence of ground

water was a function of factors local to the site. The gemeral
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terms of the actual flodstic com.osition cxtisting at the timp
of studys only after tais composition is described arc comaunities
delimited and succossional rolatvions considered. In ecsonco tho
approach is based up.on tuo beliofs @
1) That thsro ave distinet species coubinations which ropoat
themgelves 1n nature and
2) That becausc of the coaplex inter-action oi planbts and
habitat, the floristic compositidn of the vegetation s a unitb
is more meaningful than a list of comporent species. {tudy
procedures folloy two steps, sub-divided as follous:-
1) Tield /ralysis,

(2) selection of a site and its position and size. The
species-arca curve (Oosting 19563 Vestal 1949; and espccially
Goodall 1952) is widely used to determine propor size and nuitor
of sample plots - Tho sites "aufnabme®, ipalevoo® or descripbion
i.e. its geographical position, altitiude etc. are glven.

() description of the stand, The average iei lt and
perce-ntage cover of cach layor of veretation are given, also
the full floristic list , absolutely mo species boing lefV
unide:itified to cnsurc the validity of the resuits. Ynon overy
species is glven a value ior cover avundance and do rcc of
sociability. Lonsity waich is tle ~ of plots sccuvled nay also
ke given, ‘Tuen {irally soil profiles may be yiven and also &
fipure for the arca of the stand.

2) Lata synthesis.

Thic is used to dctoriiine the de _ree oi ascociction of plant

populations. This was dGozno Ly using an cssuvciziiva table to cort




out the characterisilc plants into {roups to typily tho plant

(W
ey

conmnivies or asuoviovions. The ecolo’igt uses 6th:>r concepfs to
help him define the associations oi these tho most iuporuaut io
fidelity, the firm adnercnce oi 2 species to an assoeiation,
which is a good taxonomic charactor. Huiborg denoting various
degrees of fidelity are therciore esciinod to each cnecics.

5 - exclusive - entircly confincd to one cotmurity.

y - selective - found most frequently in ome comzwnity.

preferential - dominant in one but found in many commmnitlies,

3
2 - indifferent - no pronouncod affinity to any comwmnit -,
1

strange - intruders into anothor country, or relic. spacies
uith fidelities of 5, 4 or 3 are called charactoristic spocics

echaracterarten'.
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Impatiens,

The results of the Impatiens balsaminifera
experiments were rather dissapointing. Despite all tho
precuations which could bs designed, the plants suffered

serious losses through grazing and rotting of the root
system, They were also attacked by fungal mycclia at
the base of the stem. By the time precautions had bsen

taken, many of the plants and seeds had bee lost,
leaving only & statistically invalid number remaining
to erop,

Graging losaes were reduced be covering the crops
with fine guage nylon netting. This elimipated the
major pests, which were fourd to be large black slugs
living in the matted roots of the Eriophorum plants.
However, even so the smaller ‘keel’ slugs found their
way in and destroyed large numbers of remaining plants.

The problecm of rotiing of ths root systems vas
tackled by raising seed boxes,in which the plants wefe
g'owing,. above the (varying) water level prevalent
in the bog at the time, Vater availability vas
ensured by plaging peat and Sphagnum moss under the
seed boxes, “nly capillary water was attracted to
-the vermioulite rooting medium, so it vas hoped that
it would contain sufficient air amd oxygen to allow the
roots to survive, However, the situation vms not

relieved to any large extent and the oropping results
of the impatiens controls were si low as to be
insignificant. .

éimilarly when thesen low level crops were
harvested and put into the cool room, at 4°C, the plants
died apd rotted, thus destroying the first harvest
completely.




Control plants growm in garden soil in Durham at
St. Chad’s College had omly reached 20cm, in heignt by
August 26th, They only weighed 3grs. dry weight, so
this part of the experiment also gave insignificant
results.

Conglusions
It is suggested that a more hydrophytic indicator

- confrol plant he used, one which can withstani
greater amounts of waterlogging, but oms which can
also withstand dry lapd conditions. Suggested plants
may inolude Cardamine pratensis

Veronica becocabunga

Mimulus guttatus
The latter would probably be thz most preferable, as it
can withstand a large variation in water regime, and is
a useful infiicator of prevailing nutrient conditioms.



Addenda

% dry weight Sphagmum recurvum - 2341% water retention
ref. Green B, Ho (1965 ) Some studies of water / peat / plant
relationships with speoial refercnce to Uybunbury Moss,

Cheshire,
rain amalysis

Pine wood

Spha gnum lawn

Soak (standing water in
Sphagmum recurvum)

Sphagnum lavn communities
Oxycoccus palustris
Sphagnum recurvumn °
Rriphoxrm vaginatum
Eriophorm angustifolium
Drosera rotundifolia
Erica tetralix
Empetrum nigrum
Calluna vulgaris
Polytrichum silvaticum
Aulacomnoum palustre
Sphagnum papillosum

S, cuspida tum
8, rubellum
Hylia anomola
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