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Pollen rain ptehomene' with partléuler reference to forest pollen -
are disoils'sed with evidence from FAEGRI:K and - IVERSON. J , 'TAUBER: H,
TURNER:J; and DAVIS:M:B: ' The existerde of fossil trée pollen rain in
raised bogs 18 postulated: .. The probiem of ldoal bog pollen in the
peat aghlnst which to_i‘zdllin't','a terylng forest poll-en rain is seen fan the
mejor statistical problem; relating to even distribubicn both vertically
and horizqnt'allp'i'n the pe&t'.-' | | ) o

‘Boltoh Fell is deBeribed as an ideal ‘sone’ VIb-bog to illustrate
fossil tree pollen diapersion. Preliminary 1nvestigation of peat '
showed thié bog to contain -':VIIb-p'eet-'a.nd..thé N 'lma'rgf.n éf the bog p'r'dved

most suitable. A 500m transect was laid cut and levelled with depth

=_mees'uremente every lOm‘. Thirteen pro’_fi_ie s'emplee were taken at inter=- "

vals.

From eight replioa‘besamples ta.ken over the centre metre of each
prof:lle. pollen oli.del were prepared and all greins oounted until 150
tree grains had bean recorded. The varying numbers of bog plant polben
were used to compute the actuel ohenge 1n forest pollen frequenoy. Th’e
flgures obtained are plotted against distanoe. A real reduction 14

forest pollen frequency 18 clearly shown from 0-100m wlth differenoes

between vélues etetistically valld, 50 oonfirming the work of TAUBER and

TURNER on extant forest pollen d:l.epersion.

- Anomolously higher values for fores pollen further out on transect

are discussed, and an explanatory hypothesis outlined of a slowly growing

bog with trees possibly growing in it ‘on 'islende' of shallow peat.
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INTRODUCTION.

It 18 now a well established fact in the field of Quaternary
Ecology, 'that during the later stages of the Post-Glaclal Period,
much of Europe including the British Isles was covered with mixed
deciduous forest. The evidence for this vegetational history comes
from two forms of plant fossil remains. These are firstly, the
macroscopic fragments of leaves, fruits, seeds, wood, and seooft}y.
pollen grains which have the highest resistance of all plant parts
to bacterial and fungal decay. These fossil remains occur in peat
deposits and in fresh water and marine sediments. Much of the evidence
for forest distribution during the late Post Glacial Period comes from

pollen preserved in peat bogs which began their growth during this time.

A great dea.l has been written on local and reglonal vegetation
deduced from pollen grains preserved in these peat bogs. One important
problem in making these deductions is that pollen falling onto a peat
bog may have come from a close 'local’ source or from a 'regional’, i.e,
far distant place of origin, depending on whether the parent plants
producing the pollen are entomophilous or anemophilous, small herbaceous

plants near the ground,or large forest trees.

Many native forest trees are anemophilous producing large quantities
of pollen freely dispersed into the atmosphere forming a *pollen rain®
which eventually falls to earth up to considerable distances from the
point if origin., Much work has been carried out during the past fifty
years on the production and dispersal of tree pollen. an ocutline of
vhich is 1llustrated by the following examples.

FALGRI and IVERSON ! (1964 p33) quote seversl early workers as
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follows. POHL 1937, estimated average _figures for pdllen production
from ten year old branch systems of various tree species; beech 28 million,
larch spruce end -oak: about 100 million, and pine up to 350, million.
BE‘HELMAN 1919,. concluded: that the sprice forests of S and Mid qweden
produced -ennually-.e about 75,000. tons ,off,pollens- A_NDERSQN 1955:
FEDORA 1959, .and, EISENHUT 1961, quoted by FAEGRI. and, IVERSON conqluded
that there is e.'oone'ft.‘.ent' .effect An the dispersion of pollen across
border lines .betueen different vegetational types. At the border
between forested and nong forested areas the quantity of forest tree
pollen in the atmosphere and in surfeoe' samples was .always found to
decline repidly. . -The following are average.figures.- .

‘Distance.from forest edge % Forest tree pollen

Onm . 100%
. 100 R .30,
200 _ 10
- 300 3

From 300m to ebout e the flgure remeine ‘almost constant. These
workers concluded t.hat thls value represented pollen ra:ln of a whole
region and not eolely from the stand be:lng meltigated.
H'..-TAUBERZ- in 1965 and 1967 published r_es‘ult of some very detailed
- investigations into the theoretical dynamics,. followed by a.practical..
demonstration in the field, of pollen movement through and ocut of the
three dimensicnal complex of stand of forest trees. To this he

edded the fourth dimension of time by measuring pollen d:lspereion at
various ti.mes of the yeer for several succeseive years. - TAUBER was

able to demonstrate that pollen falling on to lend eurfaces wit.hin a

few hundred metree of a forest edge consiet- of verying prop'g\ ions of
three elements - 'regional' pollen rein made up of all the pollen oarried

by winds and lair ourrents from a lerge area of countryside, and °local®



‘pollen rain variable in density, produced by losal stands of vegetation,
in thie caee forest. These two components had been recognised by
earlier: t-:o'rkei-s.--.- TAUBER however went: further and separated.®local’
-pollen rain:into a 'canopy’ component being blown diag,onally-upwarde,;

| and e.v"en'l'.u"ellllyl outwa'rds'l from- ther'forest.edge...plue a 'trunk space’.
component, blowing out laterally at the: forest  edge below the crown

area of th""-main canopy forling trees. T I

v.-:-

He eet up long term trapping experiments on a lake in Zeeland
whioh wes eurrounded by mixed deciduoue forest. Pollen trapelnerei R
set up on the forest floor in the'trunk epace'. end alao on rafto h
floeting on the lalte\ atvarying distances from the forest edge. ' The
pollen trapl were in duplicate oete. one oet being roofed and the other
open to verti_cally dropping :pollen. - '-l“he roofed traps had a lateral_ -
gap- for pcillen'to' enter.. This difference distinguishes between pollen
floating in tle air and pollen brought straight downwards trapped in

rain drope. .

Different. epeoiee of tree were found to he.ve varying officiencies
of pollen diepereal. beech. elder. hazel heving greine whioh tend to
settle quickly within the oanopy. Theee are then eubsequently removeé
in conditions of high wind. Thie TAUBER termed 'refloatetion' "He
found theee grains predominantly in open pollen traps concluding that

-l
'refloetation' graine ere brought down in rain. 'Refloatetion' effects

’

were hugher in the Auguet-November period of each year due to storm
waehing of leavee plus the fact that pollen release from flowere would

end by lete Qummer.

The twigs and branches of the trees at'the edge of tne foreet form



an effective filtering system. TAUBER found up to 40,000 tree pollen
grains on a single twig of hazel at the forest edge. .Most forest trees
flower before leaf development 80 that considerable wind speeds measured
in the 'trunk space’ enable the pollen that gets through the twig and
branch filter system to carry for considerable distances from the forest
margin. An empirical experiment demonstating this was carried out by
lighting fires at the forest edge on the windward side of the forest
ringed lake, and noting that the smoke carried horizontally low over

the lake for several lundred metres.

TAUBER concluded from this work that the composition of the'local'
pollen rain measured up to several hundred metres from a forest edge
does not necessarily reflect the exact composition of the forest itself.
Trees at the edge will be over-represented and over one year some species

may be inaccurately represented due to refloatation effects.

J .TURNER? 1964 carried ocut a similar investigation on dispersion
of forest pollen from an existing forest edge outwards over a non
forested raised bog. This study arcse from a desire to know whether
the depth of a forest stand behind the margin had any influence on the
dispersion spectrum across the neighbouring bog. TURNER carried out
surface sampling on two raised bogs, one of which was traversed by a
narrow, 90 metre wide strip of pine plantation, and the other which
lay to the East of a much larger block of pine about 300 metres wide.
The graphs of pine pollen/distance from the forestedge from surface
samples on the bogs to the East of each pine stand were found to be
very similar. The conclusion drawn from this is that the area of a
stand of forest makes little difference to the pollen rain fall off

close to the edge of that forest.



In view of the evidence on pollen dispersion from present day
forests, it would appear that the site of boring on a bog in relation
to distance from the edge becomes very important,if the bog at the
time of its development, was likely to have been surrounded by thick
undisturbed forest., It might be expected that within about 300 metres
from the bog edge 'local’ pollen rain effects from the free flowering
treeg of the forest, particularly those at the open edge would show up
on pollen diagrams, the charsd':eristics of the regional pollen rain

being demonstated in samples taken further out on the bog.

The following study was undertaken in an attempt to verify the
supposition outlined above; that indeed by sampling over several hundred
metres from the present edge of a suitable bog, the dispersion pattern _
of forest tree pollen can be demonstated in the pollen diagrams obtained

from these samples.

It was declided that a bog containing peat formed in time ztne VIIb
would be most suitable, as though the previous zone VIIa is considered
as the time of optimum forest development, peat bogs were only beginning
to develop at this time. In the later zome VIII the ideal fully formed
raised bog is aocomé;r'lied in its development by a deterioration in forest

cover due to man's activities.

Determining the relative pollen frequencies of the various species
present in peat samples has been a major problem for palynoligists.
The most accurate method is to count the absolute mumbers in a known
volume of peat. This in itself _posés a problem as invariably one has
to count many samples from one core and to compare their contained
pollen frequencies. This is only valid Af it can be proved that separate
samples of the same volume represent the same interval in time during
which the pollen was belng dispersed and trapped in the peat being tested.

M. DAVIS“ (1967) has demonstrated this successfully with fresh water



inorganic sediments w:bae rate of settlement was acourately calculated.
Peatfarmation however is very variable, depending both on the climate
and the particular peat forming plants of the bog surface at any one
time. Thus for peat analysis one has to fall back on percentage

rather than absolute pollen counts.

Traditionally, with percentage counting, the total number of forest
tree grains has been taken as the basic unit and all specles expressed
as a percentage of this total. This 18 the method employed in this study,
which was almed to demonstrate a varying quantity of tree pollen fa]rling
into peat which itself willcontain, in theory, a fixed quantity of lboaﬁl
bog plant pollen derived from specles of Ericales, Eriophorum, and spores
of Sphagnum. If the tree pollen rain is changing, this will be reflected
in percentage tree pollen counts as a varigtion in the percentage of local
bog species pollen. Thus if the tree pollen rain is dense, the local
boz pollen as a percentage will be low and vice versa. So with the
knowledge of this varying ratio it should be possible to compute the

change in forest pollen frequency at different distances from the bog edge.

However the constancy of the local bog pollen rain cannot be relied
on due to one important factor. This is the possible none random dispres-
4don of the local bog pollen. Ericales species are entomophilous liberating
their pollen in tetrads, so that there is a possibility that this pollen
would be left in high density clumps in the peat. Sphagmum growing very
near to the peat surface is even more likely to give rise to aggregations
of spores. This possible error 1s in fact investigated later on in the
discussion sction. A second factor which might effect the local pollen
rain is time. The vertical profile of thd peat bog represents a period
of time of growth which | due to varying climatic conditions may

ch ung es’
have experiencedA n the composition of the local bog flora.



Without an accurate dating method it would be impossible to take syn-
-chronous samples at different distances from the bog edge. Consequently
the local bogz pollen rain should be measured by replicate samples taken
both at varyhng depths and over a horiezontal area of the bog at each
distance from the edge. In view of the time factor involved it was
impossible to carry out the large amount of pollen analysis required

by both horigzontal and vertical replicate sampling. It was finally
decided to concentrate on vertical replicates hoping that these woﬁld

average out any variations in the bog pollen rain.



2. FIELD VIORK

2.a. Cholce of bog.
In view of the evidence discussed a zoneVIIb bog was thought to be
suitable providing that it satis fied two requirements. Firstly it should
be at least 600 metres ﬂde-. and secondly it should have avery clearly
defined edge where peét meets mineral soil, so that the eﬂnot forest
edge could be clearly established. Bogs of this type and sise are
rare in N. England. Various sites were identified from 0.S. 1" maps
and inspected. The only one of the sime desired was Bolton Fell close
to the village of Hethersgill, about 12 miles N.E. of Carlisle - 0.S. 1"
sheet 76, grid ref - 4800-5000 B; 6800-7000 N. Most of the bog is
cituated in the area formed by these reference numbers.

This boz is part of a complex of raised bogs extending over several
square miles - see map 1. The complex is serarated into two fairly
distinct areas; Bolton Fell to the N.W., and Walton Moss, Broomhill Moss,
and Breaks Moss to the §.E. These tho areas are connected by a narrow
isthmus of bog called the Flush. If the bog complex is locked at in
relation to altitude it can be seen that Bolton Fell lies largely within
the 350 ft contour, whilst the three other mosses 1lie on a shallow slope
dropping from 324ft at the Flush to 250ft on the S.E. margin of Breaks
Moss. The whole complex is situated on a shallow watershed between the
valley of the river Line to the N.W,, and the valley of a small stream
the Cambeck to the S.E., which in turndrains into the river Irthing.
Bolton Fell is drained to the S.W. by a small stream running into the
R. Line, and to the East by a stream running into the Flush, Then along

the N. edge of Walton Moss, and further East into the Cambeck.

Bolton Fell wae first investigated, permission being readily granted






by 'the management of the Boothby Pe& Company, which latter: concern is
currently éxpléiting the northern half of the bog. for horticultural peat.
On ii’irgt_‘__elzi;am.:l.natil;rt; the bog appeared to be suitable from the points of
view of aise aid dofinition of, odge; - Haveter'ss WLl be seen from the
c_liucno'a..‘l.pn:. it became cleéar by the end of f_he: project that the apparent
uniformity of the present day bog surfsce.may be. cancenlis 1slends of
raiha'l]..gw: peat. ' Th? ieland of wqogléxsd“ip the. bog centre at: about 800
g_;trep. fi'?m the ﬂlggdga w&s;g'gqsﬁ;dej;‘ed_'f_af.r' enough au-:ay to- gl_h."ie_é'n
unint‘ermpted ‘bog- sur'fa‘c‘e- of the required 'di‘stanoe. ~ Map, 2 shous the
present stat.e of the bog aurface and aurroundings whilst it can be seen.
from ,map 3 - 0.8 6" Ist Edn 1850. t.hat ‘mgh of the N. E. corner oi' the

bog was divided 1nto sma]l areas by narroy strips of ‘mixed forest. groml.ng
in the peat. On 1nspeotlon. much of t.he West and Northern margins of the':
bog showed evidence’ of’ peat cutting in past times with the aurface now
;-e,g_eng_argteq_. N _Itlgga_ diaeqvex_-ed f,h_a_t: most of t.he _old grgehpld_ .prqperties
in' Hothiersgill ‘and Bolton Fell-End villages' possessed autting rights on -
the bog. | In addition to this the N, h;if-‘éf'ihe"bbg"-hés'_ been' for the
ast tweiity yoard and still4s, being oit occimeFclally by the company
mentdoned’ earlicr. - -This gave an added complication to the finel inter-
~pretation of the profile along the: transect,’in .tlie-.t= the original domed
profile of the intact bog 4o now missing and. it was impossible to make

an initial compariéon of the quantities of zones VIIb, énd VIII peats.
Howéver only the zone VILI peat suiteble for burning and 'fér‘ﬁériiéuituml
purposea had been reroved, leaving the éarlier: peat. intact. and from which
all' the subsequent ‘samples were ‘taken. | ‘ '

2 b. Site of transeot and beres. | o

From tho map, both the S.W.," gnd’ N, margins 'of the ‘bog appeared to be

suitable, The former .paz.'t"‘w_a__a' Anvestigated .irii_t_.ila_.lly'-ah_ tt__xf\;g’g'_'would have
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provided a transect parillel to the likely prevailing wind diroction
during zone VIIb time, and with the open bog surface to leeward of the
forest. This, it was thought, wonld provide good dispersion of tree
pollen over the bog. However it proved to be very difficult to
establish a clear edge in this area. The N. margin was then investigated
and a clear edge with rapld increase in peat depth was discovered for

over one quarter of a mile along the edge.

An experimental pilot sample was taken from this area at the base
of the peat about thirty yards from the bog edge. Subsequent examination
of a pollen preparation from this sample gave a high percentage of Betula,
Quercus and Alms, with U]mué below four percent. The ratio of tree and
shrub pollen to local bog pollen made up of Ericalés. Cyperaceae, and
Sphagns was high., Gramineae and ruderal species pollen wers below ten
percent. From theseresults it was judged that the peat was zone VIIb
and that intact forest was present surrounding the bog during this periocd,
The size of the bog, and the nature of the peat being satisfactory, it
was decided to use this area of Bolton Fell as the experimental site.

The transect shown on map 2 was therefore set up at right angles to
the bog edge. It was staked out at 10metre intervals and the top surface
levelled out to 470 metres from the edge. The depth of peat was measured
every 20 metres using a screw auger. Twelve full profiles were collected
at intervals along the transect using a Russian borer. A thirteenth
part profile at 750 metres in line with the main transect was collected
on a later visit to the site. The details of the transect and profiles

are showm in Fig 1.

2. ¢. Sampling.

As dlsoussed in the Introduction it was decided to take replicate
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samples from each profile at varying depths only. Eight samples at
10om intervals were taken from approximately the centre metre of each
peat cors. The ocuter exposed face oi“ each hemiephericall core from the
Ruseian borer was carefully removed so that each sample came from the
central uncontaminated part of the core. About two cubic centimetres

of peat were removed at each sample depth and placed in sealed tubes.
From each of these about one half cubie cetimetre was used in each pollen

preparation.
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" 3. LABORATORY WORK

3. a. Pollen'f’reoaretien'. '

. The niethod -employed - is aS'folltwa. ‘The peat 'was firet boiled in
108 NaOH for up. to 30 min to break down the 1erger i’ragmente. The now.’
liquid mixture was. filtered through fi.ne wire gauze and ‘the retained
''fragments wésked in water to Pemove.NaOH.: the' remains were kept for |
exam.ﬁhuoh for maczﬂacopic plant material. - The fine meteriel.filtered
thrbuéh the"ge'.lize ‘was’ cantrifuged and :the supernatant containing' mch .
“dissolved humi¢ material discarded. - Thefsedimérrt=wae'mi;:edi:with'approx-
" oimately- Scc of iglacial acetictacid, ' centrifuged and the supernatant
agoin-diecerded;'Thié'ﬁee-done‘toidehydrate the sediment -whichiwas then
boiled i’or one mimte with a mixture of iocc of acetic anhydride and lco -
of concentrated HZSOU. ‘This ecetolyeis prooeee had the effect of diesolv-
-ing hmnio meteriel and reducing tl_xe sediment by ebout 50% ‘s reeulting
in an increese in the ratio. otlpollen graine to plant debrie. The acid
mixture was discarded after egain centrifuging. the eediment made alkaline
by eddition cf dilute NaOH. and the pollen mcunted on slides in ebout
twice ite volume of glyoerine jel]y contai.ning safranin to stain the pollen.

s b. Pollen Counting.

For each sample & total of one hundred and fifty treqéraine were
counted against a varying background ccunt of local bog pollen .oonsieting
of Ericaceae, Cyperaceae, and Sphegna. No attempt wae made to identify
individual epeoiee. The pollen graine were counted at lI»OOX megnification
making vertical-travereetfron‘\ne pide of the equare coverslip to the other.
The author considered that there migh_t be a etetietioa-l error in s.lides
containing very .high'-.tree p_ollen frequencies where only e i‘ew local bo_g
pollen grains were counted per 150 t_ree grain:e. and tneee commonly were

counted in-one treveree or less. To test whether the number c,cunted__ in
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one travergé was in fact near to the mean for the whole sample, local -
bog pollen:-o-ounté wére taken over several traverses of the slide and a
mean value obte.irged.. -This was done for several slides showing high

b s tree pollen Ilpe_rcantagas. and in all caseé the number of llogai bog
pollen grains per traverse was close to the mean value per tljéverse q;rar , |

the whole slide.
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..+ 4s RESULTS AND DISCUSSION, . .

4. a. Stratigraphy. . , , . o

-+ The whole, 1ength, '§f_ each core was, exgﬁ;ned; and in .,all.lzpaq!epi\'qn.l_x the
top 50.~ 100em, was, found to congist . of sone VIII, lightly humified peat. , This
1s at least partly explained by the fact that up to two metres of peat have
"been cut from the tol; surface. Thé-lmlver parts of each core were fouﬁd to
consist of greasy well humified peat of a red-brown aolour which oxidised

x.-aptdly to dark brown on exposure to air. . A_é showm in the profile diagram
Fig 1, interspersed at intervals in the peat were coarse fibres otf"EriophOr-um"_.
stems and leaves, smpil i)ie,oee of Calluna stem, unidentified weli lmmif;ted
fragments of w'(md. and semall twigs with wentuiable silver bark of Betula.
No clearly id;nf;ifiable ._plant remains were found on examination of the peat -

residues remaining after NaOH treatment and sieving.

4. b. Pollen preservation. ;

The replicate sample slides at each site showed some va'r:tation- in
appearance and nature of the background material as follows. Those from _
areas of peat é:ntai-nihg wood fragments showed large amounts of fug':\al hyphae.
- Both these and the 'oontai'ned pollen grains were stained a ‘reddish brown.
with the safranin. Preparations fron’hraaa lacking any wood fragments were
low in-fungal material and were stained rose~-pink. This would indicate
possible variations in the degree of humification of the peat. As they
occurred in all the cores it z'night be taken as indlcating varying cond._’xtidns
near the bog surface during its growth. This in turn ocould fit in with the
possibility. discussed later on, that the bog may have experi;fnced variations

in the ,surface plant cover .

4. ¢. Pollen Diagrams.

The figures obtained for the pollen percentages from the thirteen
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profiles are presented in tables 1 - 5 of the appendix. Table 1 shows
the percentages for all the specles identified, each expressed as a pere
-~centage of thr total tree pollen.

Pollen diegrams (Figs 2-8) were drawn for the depth replicates from
each profile. Shown on the right hand side of each profile is a graph
of forest pollen percentage containing the value for each replicate and
the mean for the whole profile of 8 replicates. ' Grass pollen was
cmittod from the diagrams but is included in Table 1. In most profiles
the grass percentage begins to rise in the upper replicates, particularly
in those taken near the bog margin where the peat tends to be shallow.
This would indicate the sone VIIb - VIII boundary. The topmost replicate
at 30 metres contained a very high percentage of grass pollen, and was
omitted from the results. The second replicate in the sample still
showed 47% grass pollen, tut as the forest pollen percentage was high,
within the range of the. lower replicates, it was decided to retain this
one and to calculate the mean values at 30 metres on ? replicates instead
of 8.

4, 4. Tree Pollen Percentages.

The £ t Tree Pollen x 100
o forest tree pollen percentage was calculated from Treoilosel sollen olTon

This was done for each s:\}nple and the means for each profile calculated,

(Gee Tables 2 and 3-appendix). The mean values for the top and bottom four
replicates in each profile were also calculated and all three sets of

values plotted against distance in Fig 9. Taking the curve for all 8 replicates
it can be seen that from 0-80 metres there is a well defined reduction

in the forest pollen frequency. This was extrapolated by eye (thick

dotted line in Fig 9) indicating that the initial curve would suggest

a value of about 309 at 300metres. This agrees well with the results
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of, TAUBER end_ TURNER.: .- - = .

- .One possible-scurce of error ,al_readjr disoussed 1s in the degreé .. .
of randomness 4n the' distribution of local bog pollen in the ‘peat.
Sphagnum partloularly. with 1to prostrate habit m.tght be liable |?.emre |

oporea i.n aggregated massee ﬂ.n the peat. In addition. Corylue pollen.

‘l
\ .

was found to form a very high proportion of the torest pollen and thisl

posed an 1nterest1ng epeouletion as to the ohnnge 1n forest pollen per-

-oentege ‘with dietanee for tree epeoies only " In order to ehow the
effeots ot Corylus on the forest pollen rain end Qphagmun on the locel

bog pollen dietrﬂmtion. eaoh of theee 1n tum was extreoted from the

e * i i B e tda
data and the resulting forest pollen peroenteges oeloulated usi.ng the
: ot 4y, .
eame rormula already expleined. The result.e for the following oombin- "

-ationl are lhown :ln table 2.

Foreet pollen including Corylus / Looal pollen m:lnue Sphegnum
;o™ . excluding. M .-/ WM. pon !
. " .including " [/ ® " pluo -
I . P e exoluding LIV B .n B I

These- figures were, plotted .on four oeperate graphs. ag forest pollen
.peroentege ageinst distance, (Figa 10-13). In ell four cases t-he shape
of the graph remains essent:lelly elmilar with a sharp drop 1n forest
pollen from 915'% .-e',t Om. to 58 6% et 80m. This is followed by a rloe to
an sverage of about 71% from 120m-750m. These are the figures for plus
Corylus and plus Sphagmum., As might be expécted: thé graph for plus -
Corylus and mims Sphagmin gives the highest, and that:for mims Corylus
a‘rﬂ plus Spnegnuin the ' '+ lowest overall:forest pollen percente'ge.'
over the whole 'tr'la'neéct.- ' 'Less ‘obvious but possibly more -'interesting

is the feot‘thetfin'the dlfferent'plotelthe-vnlneéfforfforest-polln-1n.
the *low’ perte ‘of the graphs appear-to'change ‘dis'proportioneﬂy to
those in the higher value areas.' ‘This is: particularly striking in’the

two graphs menticned abave for the values round 80-120m'and 470m.
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The means of the forest pollen percentages for the first seven
stations out to 120m were examined ststisteally for significance of
difference. The standard deviation end variance were calculated for
each and +/- 1 S.E. is plotted on the graphs (Figs10-13). As some of
the standard errors were close or overlapping *t' tests were carried ocut
to calculate the degree of real difference between them. The results
of thesf tests are given in Table 4. In only two cases was 't' non
Aftlftj\llf‘:l:e probability level at 0.05 .

In the iight of this firm statiﬁtioal evidence the conclusion put
forward at tﬁe beginning of this section can be taken as quite valid.
The drop in forest pollen frequency from 0-80m is real thus proving
beyond doubt that intact forest did indeed exist up to the edge of the

growing bog.

4, e, High Tree Pollen frquency in the centre of the bog.

The problem remains of the higher forest pollen percentages further
out- in the bog beyond 100metres. The apparent peaks and troughs from
120m-750m cannot be taken as hard evidence of large variations in forest
pollen frequency. Many more samples would have to be taken before it
could be proved that these were not statistical variations. However it
remains olea:fthat the average forest tree pollen percentage appears to
be maintained at around the 71% level in contrast to the extrapolated

value of round about thirty perjcent discussed earlier.

To investigate this situation further the means of replicates at
each station for the individual tree and shrub species were plotted
against distance., These graphs are showm in Figs 14 and 15, and in
detail in figs 16 to 19. From these it can be seen that the relative
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frequency ;_QI the var'ieq _6pecies alters with distance from the i -v.. &G
bog edge. The Bett;le percentage rapidly drops i‘fom 0-80m, .then main-
.,tai:ns' epi:rou:im'ate],y the same value out to 750m, whilst the .frequencies
; of Almus, merees.. and ._qujlue rise from 0-80m, and these in turn are

‘ gxaint.a';ine_d_ et a fairly Ist!aédy level _onf_to, 750m. _,Thlis w,euld_, -seem to

' suégeet_ that .a’c the .eriginal ,t‘t)_rest edge there was a thick stand of
Betula with the other species present further back in the. forest stand.
~The Betula st the edge would give a high representation of its own pollen
close to the bog edge whilst acting as a filter to the polien of the
other tree’ epec-i'e'e biming 't.hroug}_x.. the trunk space. Gpneequently the
pollen ‘of the other tree. epe.cies'.' eomi-ng out of the top of the-canoi:y
only achieves a high relat.ive frequency fur'ther out on the bog where

- the Betula frequency is begirming to drop.

There remains the-finel problem of explaining the 'avhe.rage forest
pollen pero'ent,.-age'euti on ‘the bog of 715 after Erepping to 58% at 80m.
One piece of evidence shown in the stratigraphy was the disoov.ery of
' goattered wood fragments 1n.the peat. - Seﬁe ‘of this was ldentified
| from the bark as Betula. So it seems j:oee'i-bl_e that "c.he: bog at various
times dﬁring its growth, may have exper:tened conditions dry enocugh
for scattered Betula to have invaded the growing surface. However the
Betula eomponer'xt of the forest j;ollen rain is low away from the bog
edge 50 there must be at l_eaat one other fdetor involved in the high
percentages of the‘ot'.hezf tx_-ee'speciee. 'Aa expleined-eerlier the forest
pollen percentage at most sites on the transect was found to.rise to-
-wards the base of each of the im seotions sampled.. If we assume that
the total local _bog pollen _ra_in remains . reasonably constant with time
then the ekplanat:lon nmst be that there was a higher total forest pollen
rain earlier on in-the bog's development. This might conoeivably be
due to a higher density of forest round the bog margin 19,1_:_&.19,11; though

there is no other pollen evidence to support this. There is another
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possible explanation for which. unfortunately the author was unasble
in the time involved, to obtain sufficient stratigraphical evidence.
This is that the bog, during its growth and in the time zone frum which
the samples taken was in fact not as complete a raised bog as would
appear from its present surface topography, and that there may have

been isolated 'islands® of woodland growing on very shallow peat,
contributing a mosalc of tree pollen dispersion to the pollen rain

over the whole hog surface. Thus ,Af this were true, the bog is not
quite as ldeal aes first anticipated, for the most clear cut demonstration
of the *Tauber’effect® over long distances. However, for the effect

of dispersion from the immediate bog edge, end for the demonstration

of individual tree pollen effects up to nearly 100m ocut from the original
forest edge, the bog proved to be hizhly satisfactory.
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TABLE.2.

DISTANCE

FROM BOG
]_IU'JU .
METH® i_-_"
0
20
30
40
61
30

FOREST POLLEN PERCENTAGES.Derived from F = Forest, L. = Local grain Nos.

~ Sphagnum + Sphagnum
+ Corylus. - Corylus + Corylus - Corylus Level | .
P L % F L % |F L % |F L % |m
133 5 98.0 | 111 5 95.7 (133 5 97.0] 115 5 96.61 95
111 9  92.0 90 9 90.9 | 111 9 92.0] 90 9 90.9| 105] .
212 - 6 97.0 |.168 6 96,6 | 212 7 -96.8| 158 7 96.0| 115 -
131 2  98.5 | 115 2 93.3|131 4 97.0| 115 4. 95.6| 125
Mean = 96.3 ~ Mean = 95.4° Mean = 95.0 Mean = 94.8 .
'8D=2.9" SE= 1.4 | SD= 3.2 SE=1.6 |SD= 2.7 SE=1.4 | SD= 2.6 SE=1.3
20 25 90.7 | 207 25 89.2 244 35 87.5] 207 25 85.5] 80
251 16 94,0 | 205 16 92.8|251 19 93.0| 205 19 91.5| 90
281 17 94.3 (191 17 91.81281 25 91.8| 191 25 838.4| 100
235 5 97.5 | 166 . 6 95,4 |235 6 97.5| 165 5 95.4| 1130
281 12 95.9 | 217 12 94.8 (281 19 93.7| 217 19 91.9| 120
259 24 91,5 | 185 24 38.6|259 65 80.0| 185 65 74.0| 130
324 13 "95.5 [ 245 13 94.9 (324 13 95.5| 245 13- 94.9] 142
297 29 92.2 235 29 89.0[297 33 90.0|235 33 87.7| 154
Mean = 923.8 Mean = 92.1 Mean = 91.0 Mean = 83.7
SD=2.3 SE= 0.8 | SD= 2.9 SE=1.0 = 5 ly SE=1,9 | SD= 6,9 SE=2.4
104 14 88.0 79 - 14 84.9 104 16 86.7| 79 16 83.2] 83
180 i1 94,0 | 148 11 93.1 180 52 .77.6| 148 52 74.0| 95
166 12 93.0 | 128 12 91.L 166 25 87.0|128 25 83.7| 105
159 20 89.9 | 106 20 84.3(169 38 &81.6|105 38 73.6| 115
176 62 - 76.0 | 102 . 62 62,2176 84 67.7 | 102 84 54.8| 125
168 90 65.0 94 90 51.1[168 91 64.9| 9% 91 50.8] 135
151 5 97.0 | 108 5 95.6 {151 9 94.4) 108 9 92.3| 14
Mean = 86.1 Mean = 80.%4 Mean = 80.0 [~ Mean = 73.2
SD=11.5 SE= 4.4 | SD=17.0 SE=6.4 | SD=10.7 SE=4.1 | SD=:15.4 SE=5.4
262 80 76.6 | 162 80 66.9 (262 127 67.4 1162 127 56.0: 120
283 96 74.7 | 155 96 61.8 (283 110 72.0.[155 110 58.5| 130
39 79 -63.8 90 79 53.3|139 -85 62.1| 90 85 51.40 140
260 46 85.0 [153 46 79.9 (260 69 79.0 (153 69 68.9| 150
288 70  80.4 191 70 73.2 1288 185 .60.9 | 191 185 50.8| 160
297 23 92.8 | 220 23 90.5|297 82 78.4{220 82 72.8| 170
259 18 93.5 | 184 18 91.1 (259 62 80.7 (184 . 62 74.8| 180
324 32 91.0 [ 227 32 87.7[324% 5% '85.7 1227 54 80.8| 190
 Mean = 82.2 Mean = 75.2 Mean = 73.3 | Mean = 64.3 |
SD=10.4 SE=3.7 | S$D=14.0 SE=5.0 | SD= 9.1 SE=3.2 | SD=11.5 SE=U.1|
219 21 91.3 [1i1 21 8h.1[219 55 979.9 111 55 586.9| 144
163 28 85.3 82 28 74,5163 113 59.1 | 82 113 42.1| 154
168 28  85.7 85 23 75.2 168 113 59.8 | 85 113 42.1] 184
207 134 77.5 | 168 134 55,6 (207 205 50.2 | 168 205 45.0| 174
255 137 65.1 | 152 137 52,6 | 155 226 53.0 |152 226 40.2| 184
384 69 B84.8 | 189 69 73.3|384 142 73.0 | 189 142 57,1 194
286 71 80.1 | 156 71 68.7 | 286 116 71.1 |156 116 57.4| 204
308 43 B86.3 | 151 49 75.5[/308 83 78.8 |[151 83 54.5! oqu
Mean = 82.0 Mean = 69.9 Mean = 65.6 Mean = 51.9
Sp= 8,0 SE= 2.8 | SD=10,7 SE=3.8 | SD=11.7 SE=k4.,1 [SD=10.8 SE=3.8
233 67 77.6 | 157 67 70.1 (233 319 42.2 [157 319 33.0[ 145
296 77  79.4 | 204 77 72.6 | 296 218 57.6 [204 218 48.3| 155
282 91 75.6 | 153 91 62,7 282 269 51.2 {153 269 36.0| 165
309 97 76.1 | 150 . 97 60.7 |309 137 69.3 |150 137 52.3| 175
293 117 71,5 | 160 117 57.8 |293 164 52,3 |160 164 49.4| 185
© 347 116 749 | 174 116 60.0 {347 299 53.7 {174 299 36.8 | 195
295 102 74,3 | 161 102 61.2 (295 213 58.1 {161 213 43,0/ 205
385 45 89.5 | 207 45 82.1 (385 73 84,1 |207 73 73.9| 215
" Mean = 77.4 Mean = 65,9 Mean = 58.6 Mean = 46.6
SD= 5.4 SE= 1.9 | SD= 8.3 SE=2.9 |SD=12.8 SE=4.5 |SD=13.1 SE=4.6




TABLE, 2.{cont/d).

FOREST P

OLLEN PERCENTAGES.Derived from F = Forest, L = Local grain Nos.

184 |

DISTANCE ~ Sphagnum + Sphaprmn :
FROM THOG + - Corylis - Caiylus + Corylys = Corylus Level
IR Ry B L. % I 1, /g’, - I 1., /',' I 1. -,'7’, in
MICT TGS — ‘ :
275 107 72,0 ] 150 107 58.4| 275 228 54,7 | 150 228 39.7 | 147
274 79  77.6 11500 79 65.6 | 274 165 62.4 | 150 165 47.6 | 157
209 97. 68.3 | 115 97 54.3|209 128 62.0 | 115 128 47.3 | 167
120 277 126 68.7 | 152 126 54.7 1277 199 58.2 152 199 43.3 [ 177
301 106 73.9 | 142 106 57.3| 301 116 70.5 | 142 1186 55.0 | 187
200 54 79.0 | 100 54 64,9200 60 76.9 {100 60 62.5 | 197
298, 99 75.1. [ 130 99 60,2298 149 66.6 | 150 149 50.2 | 207
300 67 81.7 | 150 67 69.1|300 139 68.3|150 139 51,9 | 217
Mean = 74.5 Mean = 50.6 Mean = 65.0 Mean = 49.7
SD= 4.8 SE= 1.7 SD= 5.4 SE=1.9| SD= 7.1 SE=2.5 | 8D= 7.1 SE=2.5
231 53 118 38 75.6{ 231 42 B8L4.6 118 42 73.8 | 150
228 50 139 50 73.5|228 55 80.6 139 55 71,6 | 160
200 35 110 '35 75.9]200 58 77.5|110 58 65.5 | 170
ong | 223 3 142 8 94.71223 139 85.1|1k2 39 78.5 | 180
190 10 169 10 94,4190 31 85.0 |169 31 84.5 | 190
221 - 40 119 L0 74.8] 221 52 81.0|119 52 69.6 | 200
266 25 137 25 84.6| 266 103 72.1|137 103 57.1 | 210
173 10 109 10 91.61 173 65 72.7 109 65 62.6 | 220
Mean = 88.1 Mean = 83.1 Mean = 80.0 Mean = 70.4 :
SD= 8,2 SE= 2.9 SD= 9.3 SE=3.3 | SD= 5.4 SE=1.9 | SD= 8.8 SE=3.1
216 102 67.5 | 130 102 56.0| 216 211 50.6 | 130 211 38.1 | i10
234 50 83.5 | 109 50 68.6| 234 115 67.0|109 115 48.7 | 120
177 25 88.0 | 102 25 80.3| 177 81 68.6|102 81 55.7 | 130
80 | 222 12 94.0 | 146 12 92,4222 35 B6.4 146 35 80.7 | 140
185 7. 97.0 | 107 7 93.9( 185 22 89.4 107 22 82.9 | 150
181 14 93.0 | 115 14 89.2| 181 87 67.5|115 87 56.9 | 160
189 - 8 95.9 | 1i3 8 93.4|189 42 81.8 113 42 72.9 | 170
163 1 99.4 | 10k 1 99.0[163 135 82.3{104 35 75.4 | i80
Mean = 89.8 Mean = 84.1 Mean = 74,2 Mean = 53.9 |
SD=10.3 SE= 3. SD=14.9 SE=5.3 | SD=13.0 SE=4.6 | SD=16,3 SE=5.8
201 50 77.0 [ 118 60 66.3[201 73 73.4 (118 73 61.8 | 160}
179 96 65.0 | 122 96 55.9( 179 166. 51.9 | 122 166 42.4 | 170
205 31 386.0 | 119 31 79.3|205 135 60.1|119 136 4&.7 | 180
300 175 27 87.0 | 110 27 80.3|175 89 66.3 {110 89 55.3 | 190
195 18 92,0 | 102 18 85.0 (195 141 58.0 | 102" 141 42.0 | 200 |
211 70 75.0 | 110 70 61.1|211 88 70.6 110 83 55.6 | 210
176 18 91,0 | 101 18 84.9| 176 72 71.0|101 72 58.4 | 220
184 48  79.0 | 141 48 69,8 | 184 .96 65.7 1111 96 53.6 | 230
Mean = 81.5 Mean = 72.8 Mean = 64,6 Mean = 52.0
SD= 9.2 SE= 3.3 SD=il.1 SE=3.9 | SD= 7.4 SE=2,6 | SD= 7.4 SE=2.6 |
178 30 85,0 | 115 30 79.3|178 72 71.2 [115 72 61.5 | 134
217 Ly 83,0 | 121 44 73.3|217 84 72.1 121 84 59.0 | 144
225 34 84,0 | 122 34 78.2|225 155 59.2 {122 155 44,0 | 154
50 293 © 71 30.0 146 " 71 67.3|293 127 69.8 | 146 127 53.5 | 164
00 1198 27 87.0 | 105 27 79.6|196 65 75.1|105 65 61.8 | 174
S 1817 =23 89,0 | 220 23 90.5| 181 45 79.4 |220 47 82.4
1189 21 85.0 [ 101 21 82.8|189 29 86.7 |101 29°-77.7 | 194
156 19 89.0 [ 100 19 84,0 |'158: 52 75.2 | 100 52 65.8 | 204
Mean = 85.3 Mean = 79.4 Mean = 73.6 Mean = 63.2
SD= 3.1 SE= 1.1 SD= 7.0 SE=2,5 | SD= 7.9 SE=2.6 |SD=12.4 SE=4,4




TA BLrE.2.-(congg!. '
) TORLST POLLEN PERCENTAGES.Derived from F = Forest, L = Local grain Nos.

DISTANCE - Sphagnum + Sphagnum
FROM BOG| - + Corylus - Corylus + Corylus - Corylus llevel
EDGE - P T cm
METRES . F__ == L__-______/_D_____.. = = L % ¥ L %_ F : L %
221 165 57.0 | 131 165 44,2 [221 249 47.0 |131 249 34.5 |110
192 110 62.8 | 106 110 49,1 |192 152 55.8 {106 152 4i.1 |120
167 96 63.0 [102 96 51.5 167 138 54.8 (102 138 42.5 [130
470 197 L5 80.0 |1i2 45 71.3 (197 95 67.5 [112 95 5h.1 | 14O
221 56 79.8 | 107 56 65.6 221 73 75.2 [107 73 59.4 |150
181 97 65.0 | 100 97 50.8 | 181 136 57.1 [100 136 42,4 {160
166 - 71 70.0 | 97 71 57.7 |166 86 65.9 | 97 86 53.0 |170
221 25 85,0 |109 25 81.3 |221 48 82.2 |109 48 69.4 |180
Mean = 70.3 Mean = 58.9 Mean = 53.2 Mean = 49.6
SD=10.1 SE= 3.6 SD=12,7 SE=4.5 |SD=11.7 SE=4,1 |SD=11.5 SE=4,1
224 25 90,0 [130 25 83.9 |224 53 80.9 [130 53 71.0 |200
187 33 85,0 |110 33 76.9 187 93 66.8 [110 93 54.2 |220
750 | 176 38 82,0 | 90 38 70.3|176 38 82,2 | 90 38 70.3 |240
. | 219. 53  80.5 | 103 53 66.0 |219 53 80.5 |103 53 66.0 {260 |
Mean = S4.4 Mean = 74.3 mean = 77.6 Mean = 5.4
SD= 4.2 SE= 2.1 SD= 7.8 SE=3,9 |SD=7.2 SE=3.6 |SD= 7.8 SE=3.9
TABLE.3.
FOREST POLIEN PERCENTAGES. 'Means' of All 8,Top &, Base4 replicates.
DISTANCE -
FROM BOG - Sphagnum + Sphagnum
EDGE + Corylus - Corylus + Corylus ~ Corylus
T .
o All Top Base -All Top Base All Top Bas= All Top Base
METRES | "3 T u 8 4 4 8 4 4 | .8 4 4
0 [96.3]95.0 97.8 95.4 93.3 97.5] 95.4 95.0 96.9 94.8 93.3 96.3
20 193.9(9%.1 93.9 92.1 92.3 91.8 | 91.0 92.5 89.6| 88.7 90.2 87.1
30 }86.1{91.2 79.3 80.4 88.4 69.6 | 80.0 83.2 77.3| 73.2 78.6 66.0
4o |82.2)75.0 89.4 75.2 45.5 85,6 | 73.3 70.1 78.4| 64.3 58.7 69.8
61 | 82.0!85.0 79.1 69.9 72.4 67.6 | 65.6 62.3 69.0| 51.9 49.0 54.8
80 | 77.4{78.1 77.6 65.9 68,5 65,3 58,6 55.1 62.1| 46.6 42,4 50.8
120 | 74.05171.9 77.4 60.6 58.3 62.9| 65.0 59.3 70.6| 49.7 44.5 54,9
180 +89.8|83.3 96.3 | 84.1 74.3 93.9 | 74.2 68.2.80,3] 63.9 55.8 72.0
240 7| 88.185.0 91.3 83.1 79.9 86.4-{ 80.0 82.0 78.0| 70.4 72.4-68.5
300 | 81.5({78.8 84.3 - 72.8 70,5 752 64.6 62.9 66.3]| 52.0 51.6 52.4
400 | 85.3({83.0 &7.5 79.4 74,5 81,7 | 73.6 68.1 79.1| 63.2 54.5 71.9
470 | 70.3]57.0 75.0 58.9 54.0 62.3|63.2 56.3 70.1| 49.6 43.1 56.1
750 | 84.4{87.5 81.3 74,3 80.4 68.2 | 77.6 73.9 81.4| 65.4 62.6 68.2
TABLE .4. . ’
1! TEST ON DIFFERENCE BETWEEN THE MEANS OF FOREST POLLEN PERCENTAGES.
m - Sphagnum + Sphagnum
___+|Corylus -Corylus + Corylus - Corylus
o |93 t P 95.4 t P |95.4 ¢ k.8 t P
9.30 0.001 - 5,6 0.001 7.9 0,001 7.3 0,001
20 | 93.9| . 92.1 91.0 : 88.7
10.5 0,001 12.5 0.001 10.7 0.001 11.3 0,001
30 |'86.1 30.4 80.0 73.2
2.5 0.05 2.5 0.05 | 3.8 0.01 2,9 0.02
40 | 82.2 75.2 73.3 5.3
0.2 0.1 3,2 0.01 5.6 0.05 © 5.1 0,001
61 | 82.0 69.9 65.6 51.9
5,2 0,001 2.5 0,05 4,3 0,002 . 3.30.01
80 | 77.4 65.9 58.6 46.6
4,3 0.001 6.0 0.001 3.9 0.002 1.9 0.1
120 | 7h.5 ) 60.6 65.0 {49.7
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