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A N I N V E S T I G A T I O N I N T O D'-I F F E R E N T I A L 
L A T E R A L D I S P E R S I O N CL_F_ F O S S I L F O R E S T 

T R E E P O L L E N 

A DISSERTATION BY M. J . PARKIN, BEING A PART REQUIREMENT FOR 

THE DEGREE OF M.Sc IN ECOLOGY AT DURHAM UNI VERSITY 1974. 



• ABSTRACT-. • • • • • ' ' . : i ' • 

Pollen rain phenomena with particular reference to forest pollen 

are discussed with evidence from FAEGRlilC and IVERSON.J , TAUBERiH', 

TURNER;J, and DAVISIM'.Bi 1 The existence of f o s s i l tree pollen rain in 

raised bogs is postulated; The problem of looal bog pollen in the 

peat against which to count a varying forest pollen ra in i s seen as the 

major s t a t i s t i ca l problem', relating to even dis t r ibut ion both ver t i ca l ly 

and horizontally i n the peat! 

, •. ' .. | . . . . , . , 

Bolton F e l l i s described as an ideal zone VIb bog to i l lus t ra te 

f o s s i l tree pollen dispersion! Preliminary investigation of peat 

showed th is bog to contain Vl lb peat and.the Ni margin of the bog proved 

most suitable! A 500m transect was la id out and levelled with depth 

measurements every iOm'. Thirteen p r o f i l e samples were taken at in ter -

vals. 

From eight replicatesamples taken over the centre metre of each 

profi le ' , pollen slides were prepared and a l l grains counted u n t i l 150 

tree grains had bean recorded; The varying numbers of bog plant pblien 

were used to compute the actual change i n forest pollen frequency. The 
i, 

figures obtained are plotted against distance. A real reduction i d 

forest pollen frequency i s clearly shown from 0-100m with differences 

between values s t a t i s t i ca l ly va l id ; so confirming the work of TAUBER and 

TURNER on extant forest pollen dispersion; 

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 i n i t on 'islands* of shallow peat. 
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INTRODUCTION. 

I t i s now a well established fac t i n the f i e l d of Quaternary 

Ecology, that during the la ter stages of the Post-Glacial Period* 

much of Europe including the Br i t i sh Isles was covered with mixed 

deciduous forest . The evidence f o r th i s vegetational history comes 

from two forms of plant f o s s i l remains. These are f i r s t l y , the 
i 

maoroscopic fragments of leaves* f r u i t s , seeds, wood* and seconly. 
A 

pollen grains which have the highest resistance of a l l plant parts 

to bacterial and fungal decay. These f o s s i l remains occur i n peat 

deposits and i n fresh water and marine sediments. Much of the evidence 

fo r forest d is t r ibut ion during the late Post Glacial Period comes from 

pollen preserved i n peat bogs which began their growth during th is time. 

A great deal has been writ ten on local and regional vegetation 

deduced from pollen grains preserved i n these peat bogs. One important 

problem i n making these deductions i s that pollen f a l l i n g onto a peat 

bog may have come from a close ' l o c a l ' source or from a ' regional ' , i . e . 

f a r distant place of or igin , 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 f ree ly dispersed into the atmosphere forming a 'pollen ra in ' 

which eventually f a l l s to earth up to considerable distances from the 

point i f or ig in . Much work has been carried out during the past f i f t y 

years on the production and dispersal of tree pollen, an outline of 

which i s i l lus t ra ted by the following examples. 

FALGKI and IVERSON 1 (1964 p33) quote several early workers as 
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fol lows. POHL 1937* estimated average figures fo r pollen production 

from ten year old branch systems of various tree species; beech 28 mi l l ion , 

larch spruce and oak about 100 mi l l ion , and pine up to 350. m i l l i o n . 

HESSELMAN 1919. concluded that the spruce forests of f Sand Hid Sweden 

produced annually,! about 75.000 tons of pollen* ANDERSON 1955. 

FEDORA.1959. and, EISENH0T .1961, quoted by FAEGRI and, IVERSON concluded 

that there i s a consistent effect i n the dispersion of pollen across 

border lines between di f ferent vegetational types. At the border 

between forested and non£ forested areas the.quantity of forest tree 

pollen i n the atmosphere and i n surface samples was always found to 

deoline rapidly . , The following are average f i g u r e s -

Distance, from forest edge ^Forest tree pollen 

Om 100$ 
100 30 
200 10 

300 3 

From 300m t o about 4Km the f igure remains almost constant. These 

workers concluded that th is value represented pollen rain of a whole 
i • • • • i 

region and not solely from the stand being investigated. 

, • • , H. TAUBER2 i n .1965 and I967 published results of some very detailed 

investigations into the theoretical dynamics, followed by. a practical... 

demonstration i n the f i e l d , of pollen movement through and out of the 

three dimensional complex of a stand of forest trees. To this he 

added the fourth dimension of time by measuring pollen dispersion at 

various times of the year f o r several successive years. TAMBER was 

able to demonstrate that pollen f la i l ing on to land surfaces within a 

few hundred metres of a forest edge consists of varying prop^ions of 

three elements - *regional* pollen rain made up of a l l the pollen carried 

by winds and a i r currents from a large area of countryside, and ' l o c a l ' 
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pollen ra in variable i n density* produced by local stands of vegetation* 

i n th is ease fores t . These two components had been recognised by 

earlier< workers. TAUBER however went further and separated ' l o c a l ' 

pollen ra in into: a 'canopy? component being blown diagonally upwards, . 

and eventually1outwards'from the forest edge, plus a ' trunk space* 

component blowing out l a t e ra l ly ' a t the. forest edge below the crown, 

area of the main canopy forming-trees1. • 

He set-up long term trapping experiments on a lake i n ZeeLand 

which was surrounded by mixed deciduous forest . Pollen traps were 

set up on the forest f loo r i n the'trunk space', and also on ra f t s 

f loa t ing on the lake at varying distances from the forest edge. The 

pollen traps were i n duplicate sets, one set being roofed and the other 

open to ve r t i ca l ly dropping pollen. • The roofed traps had a la te ra l 

gap f o r pollen to enter. This difference distinguishes between pollen 

f loa t ing ,in the a i r and pollen brought straight downwards trapped i n 

ra in drops., 

Different species^of tree were found to have varying efficiencies 

of pollen dispersal, beech, alder, hazel having grains whioh tend to 

set t le quickly within the canopy. These are then subsequently removed 

i n conditions of high wind. This TAUEER termed ' r e f loa t a t ion ' . He 

found these grains predominantly i n open pollen traps concluding that 

' r e f loa ta t ion ' grains are brought down i n ra in . 'Refloatation' effects 

were hugher i n the August-November period of each year due to storm 

washing of leaves plus the fac t that pollen release from flowers would 

end by late Summer. 

The twigs and branches of the trees at the edge of the forest form 
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an effect ive f i l t e r i n g 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 so that considerable wind speeds measured 

i n the ' trunk space' enable the pollen that gets through the twig and 

branch f i l t e r system to carry f o r considerable distances from the forest 

margin. An empirical experiment demonstating th i s was carried out by 

l ight ing f i r e s at the forest edge on the windward side of the forest 

ringed lake, and noting that the smoke carried horizontally low over 

the lake f o r several hundred metres. 

TAUBER concluded from this work that the composition of the ' looal ' 

pollen rain measured up to several hundred metres from a forest edge 

does not necessarily ref leot the exact composition of the forest i t s e l f . 

Trees at the edge w i l l be over-represented and over one year some species 

may be inaccurately represented due to refloatat ion effects . 

J.TURNER3 1964 oarried out a similar investigation on dispersion 

of forest pollen from an existing forest edge outwards over a non 

forested raised bog. This study arose from a desire t o 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 s t r ip 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 boos to the East of each pine stand were found to be 

very similar. The conclusion drawn from this i s that the area of a 

stand of forest makes l i t t l e difference to the pollen rain f a l l o f f 

close to the edge of that forest . 
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I n view of the evidence on pollen dispersion from present day 

forests, i t would appear that the s i te of boring on a bog i n relat ion 

to distance from the edge becomes very important,if the bog at the 

time of i t s development, was l i k e l y to have been surrounded by thick 

undisturbed forest . I t might be expected that within about 300 metres 

from the bog edge ' l o c a l ' pollen rain effects from the free flowering 

trees of the forest , part icularly those at the open edge would show up 

on pollen diagrams, the characteristics of the regional pollen rain 

being demonstated i n samples taken further out on the bog. 

The fol los ing study was undertaken i n an attempt to v e r i f y 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 i n the pollen diagrams obtained 

from these samples. 

I t was decided that a bog containing peat formed i n time zone Vl lb 

would be most suitable, as though the previous zone Vi la i s considered 

as the time of optimum forest development, peat bogs were only beginning 

to develop at th is time. I n the la ter zone V I I I the ideal f u l l y formed 

raised bog i s aooompnied i n i t s development by a deterioration i n forest 
A 

cover due to man's ac t iv i t i e s . 

Determining the relative pollen frequencies of the various speoies 

present i n peat samples has been a major problem f o r palynoligists. 

The most accurate method is t o count the absolute numbers i n a known 

volume of peat. This i n i t s e l f poses a problem as invariably one has 

t o count many samples from one oore and to compare the i r contained 

pollen frequencies. This i s only val id i f i t can be proved that separate 

samples of the same volume represent the same interval i n time during 

whioh the pollen was being dispersed and trapped i n the peat being tested. 

M. DAVIS** (1967) has demonstrated th i s successfully with fresh water 
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Inorganic sediments wose rate of settlement was accurately calculated. 

Peatfarmation however i s very variable, depending both on the climate 

and the particular peat forming plants of the bog surface at any one 

time. Thus f o r peat analysis one has t o f a l l back on percentage 

rather than absolute pollen counts. 

Tradit ionally, with percentage counting, the t o t a l number of forest 

tree grains has been taken as the basic uni t and a l l species expressed 

as a percentage of th is t o t a l . This i s the method employed i n th i s study* 

which was aimed to demonstrate a varying quantity of tree pollen f a l l i n g 

into peat which i t s e l f wil lcontain, i n theory, a f ixed quantity of locaj&l 

bog plant pollen derived from species of Erieales, Eriophorum, and spores 

of Sphagnum. I f the tree pollen rain is changing, th is w i l l be reflected 

i n percentage tree pollen counts as a variation i n the percentage of local 

bog species pollen. Thus i f the tree pollen ra in i s dense, the local 

bog pollen as a percentage w i l l be low and vioe versa. So with the 

knowledge of th i s varying ra t io i t should be possible to compute the 

change i n forest pollen frequenoy at d i f fe ren t distances from the bog edge. 

However the oonstanoy of the local bog pollen rain cannot be relied 

on due to one important factor . This i s the possible none random dispres-

-Aon of the local bog pollen. Erioales species are entomophilous l iberating 

their pollen i n tetrads, so that there i s a poss ib i l i ty that th is pollen 

would be l e f t i n high density clumps i n the peat. Sphagnum growing very 

near t o the peat surface i s even more l i k e l y t o give r ise t o aggregations 

of spores. This possible error i s i n fac t investigated la ter on i n the 

disoussion sotion. A second factor which might effect the local pollen 

rain i s time. The ver t ica l p r o f i l e of the" peat bog represents a period 

of time of growth which f due to varying climatic conditions may 
ch anqes 

have experienced i n the composition of the local bog f l o r a . 
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Without an accurate dating method i t would be impossible to take syn

chronous samples at d i f ferent distances from the bog edge. Consequently 

the local bog pollen rain should be measured by replicate samples taken 

both at varying depths and over a horizontal area of the bog at each 

distance from the edge. I n view of the tome factor involved i t was 

impossible to oarry out the large amount of pollen analysis required 

by both horizontal and ver t ica l replicate sampling. I t was f i n a l l y 

decided to concentrate on ver t i ca l replicates hoping that these would 

average out any variations i n the bog pollen r a in . 
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2. FIELD WORK 

2.a. Choice of bog. 

I n view of the evidence discussed a aoneVTIb bog was thought to be 

suitable providing that i t satis f i e d two requirements. F i r s t l y i t should 

be at least 600 metres wide, and secondly i t should have avery clearly 

defined edge where peat meets mineral soil* so that the extinct forest 

edge could be clearly established. Bogs of th is type and sise are 

rare i n N. England. Various sites were ident i f ied from O.S. 1" maps 

and inspected! The only one of the size desired was Bolton Fe l l close 

to the vi l lage of Hetheregill, about 12 miles M.E. of Carlisle - O.S. 1" 

sheet 76, grid ref - 4800-5000 6; 6800-7000 N. Host of the bog is 

situated i n the area formed by these reference numbers. 

This bog i s part of a complex of raised bogs extending over several 

square miles - see map 1. The complex i s separated in to two f a i r l y 

d i s t inc t areas; Bolton F e l l t o the N.W., and Walton Moss* Broomhill Moss, 

and Breaks Moss t o the S.E. These two areas are connected by a narrow 

i8thmuB of bog called the Flush. I f the bog complex i s looked at i n 

relat ion to al t i tude i t can be seen that Bolton Fe l l l i e s largely within 

the 330 f t contour* whilst the three other mosses l i e on a shallow slope 

dropping from 324ft at the Flush t o 250ft on the S.E. margin of Breaks 

Moss. The whole complex i s situated on a shallow watershed between the 

valley of the r iver Line to the N.W,, and the valley of a small stream 

the Cambeok to the S.E., which i n tumdrains in to the r iver I r t h i n g . 

Bolton Fe l l i s 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 in to the Cambeok. 

Bolton Fe l l was f i r s t investigated, permission being readily granted 
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by the management of the Boothby Peafe Company, which l a t t e r concern in 
currently exploiting the northern half of the bog fo r hor t icul tural peat. 
On f i r s t examination the bog appeared to be suitable from the points of 
view of size and def in i t ion of edge: However as w i l l be seen from the 
discussion, i t became clear by the end of the project that the apparent 

. i , • ', i • : - • • i • ' • : • >' • • • r • •" . 

uniformity of the present day bog surface.may be. concealing islands of 

shallow peat. ' The island of woodland i n the. bog centre at about 800 

metres from the Hiedge was cosidered f a r enough away to give ah 

uninterrupted, bog surface of the required distance. Map, 2. shows the 

present state of the,bog surfaoe and surroundings whilst i t can be seen 

from,map 3 - O.S 6" I s t Edn 1850, that much of the N.E. corner of the 

bog was divided into small areas by narrow strips of mixed forest growing 

i n the peat. On inspection, rauoh of the West and Northern margins of the 

bog showed evidence of peat cutting i n past times with the surface'now 

regenerated! I t was discovered that most of the old freehold properties 
. . . , • . . 1 ! • . . . •• • . . . . , , 1 : , 1 . 

i n Hethersgill and Bolton Fell^End villages' possessed butting rights on 

the bog. 1 I n addition to th is the N. half of the bog has been f o r the 
/ " . . . 

last twenty years and s t i l u s , being out commercially by the company 

mentioned'earlier. This gave an added complication to the f i n a l in te r -

-pretation of the p ro f i l e along the transect, i n that the original domed 

p r o f i l e of the intact bog i s now missing and i t was impossible to make 

an i n i t i a l comparison of the quantities of zones V l i b , and V I I I peats. 

However only the zone V I I I peat suitable fo r burning and f o r hor t icul tural 

purposes had been removed}leaving the earlier peat intact , and from which 

a l l the subsequent samples were taken. 

2.' b. Site of transect and bores. 

From tho map, both the S.W. , and' N. margins of the bog appeared to be 

suitable. The former part was investigated i n i t i a l l y as, th is would have 
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provided a transect parallel to the l i k e l y prevailing wind direction 

during zone Vl lb time, and with the open bog surface t o leeward of the 

forest . This, i t was thought, would provide good dispersion of tree 

pollen over the bog. However i t proved to be very d i f f i c u l t to 

establish a clear edge in th is area. The K. margin was then investigated 

and a clear edge with rapid increase i n peat depth was discovered fo r 

over one quarter of a mile along the edge. 

An experimental p i l o t sample was taken from th is area at the base 

of the peat about t h i r t y yards from the bog edge. Subsequent examination 

of a pollen preparation from th is sample gave a high percentage of Betula, 

Quercus and Alnus, with Ulmus below four percent. The r a t io of tree and 

shrub pollen to local bog pollen made up of Erioales, Cyperaoeae, and 

Sphagna was high. Gramineae and ruderal species pollen were below ten 

peroent. From theseresults i t was Judged that the peat was zone Vl lb 

and that intact forest was present surrounding the bog during th is period. 

The size of the bog, and the nature of the peat being satisfactory, i t 

was decided to use th is area of Bolton Fe l l as the experimental s i t e . 

The transect shown on map 2 was therefore set up at r ight angles t o 

the bog edge. I t was staked out at lOmetre 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 f u l l prof i les were collected 

at intervals along the transect using a Russian borer. A thirteenth 

part p r o f i l e at 750 metres i n l ine with the main transeot was collected 

on a later v i s i t to the s i t e . The details of the transeot and prof i les 

are shown i n Fig 1. 

2. c. Sampling. 

As discussed i n the Introduction i t was decided to take replicate 
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samples from each p r o f i l e a t varying depths only . Eight samples at 

lOom in te rva l s were taken from approximately the centre metre of each 

peat core. The outer exposed face of each hemispherical core from the 

Russian borer was c a r e f u l l y removed so tha t each sample came from the 

cent ra l uncontaminated part of the core. About two cubic centimetres 

of peat were removed at eaoh sample depth and placed i n sealed tubes. 

From each of these about one ha l f cubic cetimetre was used i n each po l len 

preparation. 
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3. LABORATORY WORK 

3. a. Pol len Preparation. 

The method employed i s as f o l l o w s . The peat'was f i r s t boi led i n 

10$ NaOH f o r up t o 30. min t o break down the l a rger fragments.' The now. 

l i q u i d mixture was f i l t e r e d .through f i n e wire gauze and the retained 

'fragments washed i n water t o femove.NaOH* < the' remains were kept f o r 

examination f o r macxjjboopio plant ma te r i a l . The f i n e mater ia l f i l t e r e d 
1 

through the gauze was centr lfuged and the supernatant containing much, 

dissolved humic mater ia l discarded. ' • The sediment was mixed w i t h approx-

-imately 5oc of g l a c i a l acetic ac id , centrifuged and the supernatant 

again discarded. This was done t o dehydrate the-sediment which} was then 

boi led f o r one minute w i t h a mixture of lOco of acet ic anhydride and loo 
i 1 1 

of concentrated H2S04. This acetolysis process had the e f f e c t of d i s so lv -

- i n g humic mater ia l and reducing the sediment by about 50$ , r e su l t ing 

i n an increase i n the r a t i o of po l len grains t o p lant debr is . The acid 

mixture was discarded a f t e r again cen t r l f ug ing , the sediment made a lka l ine 

by addi t ion of d i l u t e NaOH, and the po l len mounted on s l ides i n about 

twice i t s volume of glycerine j e l l y containing sa f ren in t o s t a i n the pol len 

3 . b . Pollen Counting. 

For each sample a t o t a l of one hundred and f i f t y tree^rains were 

counted against a varying background count of l o c a l bog po l len consist ing 

of Ericaceae, Cyperaceae, and Sphagna. No attempt was made t o Identify 

i n d i v i d u a l speoies. The pol len grains were counted at 400X magnif icat ion 

making v e r t i c a l traversefffrenjone side of the square covers l ip t o the other. 

The author considered tha t there might be a s t a t i s t i c a l er ror i n s l ides 

containing very high t ree pol len frequencies where only a few l o c a l bog 

pol len grains were counted per 150 t ree grains, and these commonly were 

counted i n one traverse or less . To t e s t whether the number counted i n 
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one traverse was i n f a c t near t o the mean f o r the whole sample, l o c a l 

bog po l len counts were taken over several traverses of the s l ide and a 

mean value obtained. This was done f o r several s l ides showing high 

- t ree pol len percentages* and i n a l l cases the number of l o c a l bog 

pol len grains per traverse was close t o the mean value per traverse over 

the whole s l ide* 



lb 

, .4. RESULTS AND DISCUSSION. , 

a. Stra t igraphy. . 
\ 

, The whole length of ©aph pore was.examined and i n a l l cases only the 

top 50 - 100cm. was, found, t o consist of aone,VIII, l i g h t l y humified, peat. , This 

i s a t l eas t p a r t l y explained by the f a c t t ha t up t o two metres of peat have 

been out from the top surfaoe. The lower parts of eaoh core were found t o 

consist of greasy w e l l humified peat of a red-brown colour which oxidised 

r a p i d l y t o dark brown oh exposure t a a i r . As shown i n the p r o f i l e diagram 

Fig 1, interspersed a t in t e rva l s i n the peat were coarse f i b r e s of Eriophbrum 

stems and leaves, small pieces of Calluna stem, u n i d e n t i f i e d w e l l humified 

fragments of wood, and small twigs w i t h i d e n t i f i a b l e s i l v e r bark of Betula. 

No c l e a r l y i d e n t i f i a b l e p lant remains were found on examination of the peat 

residues remaining a f t e r NaOH treatment and s iev ing . 

4 ; b . Pol len preservation. 

The r ep l i ca t e sample sl ides at each s i t e showed some v a r i a t i o n i n 

appearance and nature of the background material as f o l l o w s . Those from 

areas of peat containing wood fragments showed large amounts of f u g a l huphae. 

Both these and the contained pol len grains were stained a reddish brown 

w i t h the sa f r an in . Preparations fronjareas lacking any wood fragments were 

low i n funga l mater ia l and were stained rose-pink. This would indicate 

possible var ia t ions i n the degree of humif ioat ion of the peat. As they 

ooourred i n a l l the cores i t might be taken as ind ica t ing varying conditions 

near the bog surface during i t s growth. This i n t u r n oould f i t i n w i t h the 

p o s s i b i l i t y , discussed l a t e r on, tha t the bog may have experienced var ia t ions 

i n the , surface p lant cover • 

4 . 0 . Pol len Diagrams. 

The f igures obtained f o r the pol len percentages from the t h i r t e e n 
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p r o f i l e s are presented i n tables 1 - 5 of the appendix. Table 1 shows 

the percentages f o r a l l the species i d e n t i f i e d , each expressed as a per

centage of t h r t o t a l t ree p o l l e n . 

Pol len diagrams (Pigs 2-8) were drawn f o r the depth repl ica tes from 

each p r o f i l e . Shown on the r i g h t hand side of each p r o f i l e i s a graph 

of f o r e s t po l l en percentage containing the value f o r each r ep l i ca t e and 

the mean f o r the whole . p r o f i l e of 8 r ep l i ca tes . Grass po l len was 

omitted from the diagrams but i s included i n Table 1. I n most p r o f i l e s 

the grass percentage begins t o r i s e i n the upper rep l ica tes , p a r t i c u l a r l y 

i n those taken near the bog margin where the peat tends t o be shallow. 

This would indicate the eone V l l b - V I I I boundary. The topmost r ep l i ca t e 

at JO metres contained a very high percentage of grass po l l en , and was 

omitted from the r e s u l t s . The second rep l i ca t e I n the sample s t i l l 

showed 47$ grass po l l en , but as the f o r e s t po l len percentage was high, 

w i t h i n the range of the lower rep l ica tes , i t was decided t o r e t a i n t h i s 

one and t o calculate the mean values at 30 metres on 7 repl icates instead 

of 8. 

4 . d . Tree Pollen Percentages. 

The f o r e s t t r ee pol len percentage was calculated from Tree Pol len x 100 

Tree+Local pol len 

This was done f o r each smple and the means f o r each p r o f i l e calculated, 

(pee Tables 2 and 3-appendix). The mean values f o r the top and bottom f o u r 

repl icates i n eaoh p r o f i l e were also calculated and a l l three sets of 

values p lo t ted against distance i n F i g 9. Taking the curve f o r a l l 8 repl icates 

i t can be seen tha t f rom 0-80 metres there i s a w e l l defined reduction 

i n the f o r e s t po l l en frequency. This was extrapolated by eye ( t h i c k 

dotted l i n e i n F i g 9) ind ica t ing tha t the I n i t i a l curve would suggest 

a value of about 30$ a t 300metres. This agrees w e l l w i t h the resu l t s 
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of, TAUBER and. TURNER. 

- One possible source of e r ror already discussed i s I n the degree . 

of randomness i n the 1 d i s t r i b u t i o n , of l o c a l bog pol len i n the peat. 
• bo • 

Sphagnum p a r t i c u l a r l y * v i t h i t s prost ra te habit might be l iable^leave 

spores i n aggregated masses i n the peat. I n add i t ion , Corylus po l l en 

was found t o form a very high proport ion of the f o r e s t po l len and t h i s 

posed an in te res t ing speculation as t o the change i n f o r e s t po l len per-

-centage w i t h distance f o r t r ee species only . I n order t o show the 
• ; ! •• . . - : • „ ''••••< • • •.: •. • -. • • . •• ; <. ' . . . , 
e f f e c t s of Corylus on the f o r e s t po l len r a i n and Sphagnum on the l o c a l 

1 • < ; • • . • ! • • • . : ;• : : ; , i ; : . : . • • . . , . • ' ' > •; ; . ; \ ; . ; i ' . i 

bog po l l en d i s t r i b u t i o n , eaoh of these i n t u r n was extracted from the 

data and the r e su l t i ng f o r e s t po l len percentages calculated using the 

same formula already explained. The resu l t s f o r the f o l l o w i n g oombln-

-at ions are shown i n table 2 . 
Forest po l len including Corylus / Laval po l len minus Sphagnum 
• ,.™ • ' . , excluding • P. • / •: •. **,. •:• ". . \" 

"• " including • / " » plus •" 

- • * ,. - P.- .•• .<•-' » 1 e x c l u d i n g ', / • , • " • 

These f i g u r e a were, p lo t ted on f o u r .separate graphs as f o r e s t po l len 

percentage against distanoe, (Figs 10-13). I n a l l f o u r cases the shape 

of the graph remains essent ia l ly s imi l a r w i t h a sharp drop i n f o r e s t 

po l len from 95$ at 0m, t o 58.6$ a t 80m. This i s fol lowed by a r i s e t o 

an average of about 71$ from 120m-750m. These are the f igu res f o r plus 

Corylus and plus Sphagnum. As might be expected the graph f o r plus • 

Corylus and minus Sphagnum gives the highest, and tha t f o r minus Corylus 

and plus Sphagnum the •>,' lowest overa l l f o r e s t po l len percentage 

over the whole t ransect . Less obvious but possibly more in te res t ing 

i s the f a c t tha t i n the d i f f e r e n t p lo t s the vulues f o r f o r e s t p o l l r i i n 

the 'low* parts of the graphs appear t o change d i s p r o p o r t i o n a t e t o 

those i n the higher value areas. ' This i s p a r t i c u l a r l y s t r i k i n g i n the 

two graphs mentioned above f o r the values round 80-120m and 470m. 
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The means of the f o r e s t po l len percentages f o r the f i r s t seven 

s ta t ions out to 120m were examined s t s t l s t c a l l y f o r s i g n i f i c a n c e of 

d i f f e r e n c e . The standard deviat ion and var iance were calculated f o r 

each and + / - 1 S . E . i s plotted on the graphs ( F i g o l 0 - 1 3 ) . As some of 

the standard errors were c lose or overlapping *t* t e s t s were carr i ed out 

to c a l c u l a t e the degree of r e a l d i f f erence between them. The r e s u l t s 

of these t e s t s are given i n Table 4 . I n only two cases was *t* non 

^with the probab i l i ty l e v e l at 0.05 • 

I n the l i g h t of t h i s f i r m s t a t i s t i c a l evidence the conclusion put 

forward at the beginning of t h i s sect ion can be taken as qui te v a l i d . 

The drop i n f o r e s t pol len frequency from 0-80m i s r e a l thus proving 

beyond doubt that in tac t f o r e s t did indeed e x i s t up t o the edge of the 

growing bog. 

4*. e. High Tree Po l l en frqueney i n the centre of the bog. 

The problem remains of the higher f o r e s t po l len percentages fur ther 

out- i n the bog beyond lOOmetres. The apparent peaks and troughs from 

120m-750m cannot be taken as hard evidence of large v a r i a t i o n s i n f o r e s t 

pol len frequency. Many motfe samples would have to be taken before i t 

could be proved that these were not s t a t i s t i c a l v a r i a t i o n s . However i t 

remains oleaijbhat the average f o r e s t t r ee pol len percentage appears to 

be maintained a t around the 7 1 $ l e v e l I n contrast to the extrapolated 

value of round about t h i r t y perjoent discussed e a r l i e r . 

To invest igate t h i s s i t u a t i o n fur ther the means of r e p l i c a t e s at 

each s ta t i on f o r the ind iv idua l t r e e and shrub speoies were plotted 

against d i s tance . These graphs are shown i n F i g s 14- and 1 5 * and I n 

d e t a i l i n f i g s 1 6 to 1 9 . From these i t can be seen that the r e l a t i v e 
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frequency pf the various species a l t e r s with dis tance from the .V ^ i i;.':.c-

bog edge. The Betula percentage r a p i d l y drops from 0-80m, then main-

s t a ins approximately the same value out t o 750m, w h i l s t the .frequencies 

of A l m s , Quercus, and Corylus r i s e from 0-80m, and these i n turn are 

maintained at a f a i r l y steady l e v e l out t o 750m. .This would .seem to 

suggest that a t the o r i g i n a l f o r e s t edge there was a t h i c k stand of 

Betula with the other species present fur ther back i n .the. f o r e s t stand. 

The Betula at the edge would give a high representation of i t s own pol len 

c lose t o the bog edge w h i l s t act ing as a f i l t e r to the pol len of the 

other t ree species blowing through the trunk space. Consequently the 

pol len of the other t ree spec ies , coming out of the top of the canopy 

only achieves a high r e l a t i v e frequency fur ther out on the bog where 

the Betula frequency i s beginning t o drop. 

There remains the f i n a l problem of explaining the average f o r e s t 

po l len percentage out on the bog of 71$ a f t e r dropping to 56$ at 80m. 

One piece of evidence shown i n the s trat igraphy was the discovery of 

scattered wood fragments i n the peat . Some of t h i s was i d e n t i f i e d 

from the bark as B e t u l a . So i t seems poss ible that the bog at various 

times during i t s growth, may have experienced conditions dry enough 

f o r scattered Betula to have invaded the growing s u r f a c e . However the 

Betula component of the f o r e s t pol len r a i n i s low away from the bog 

edge so there must be at l e a s t one other fac tor involved i n the high 

percentages of the other t r e e spec ie s . As explained e a r l i e r the f o r e s t 

pol len percentage at most s i t e s on the transect was found t o r i s e t o -

-wards the base of each of the lm sect ions sampled.. I f we assume that 

the t o t a l l o c a l bog pol len r a i n remains reasonably constant with time 

then the explanation must be that there was a higher t o t a l f o r e s t pol len 

r a i n e a r l i e r on i n the bog's development. T h i s might conceivably be 

due t o a higher dens i ty of f o r e s t round the bog margin i n i t i a l l y though 

there i s no other pol len evidence to support t h i s . There i s another 
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poss ib le explanation f o r which unfortunately the author was unable 

i n the time involved• to obtain s u f f i c i e n t s t r a t i g r a p h l c a l evidence. 

T h i s i s that the bog, during i t s growth and i n the time zone from which 

the samples taken was i n f a c t not as complete a ra i s ed bog as would 

appear from i t s present surface topography* and that there may have 

been i so lated ' i s l a n d s ' of woodland growing on very shallow peat, 

contributing a mosaic of t r e e pol len d i spers ion to the pol len r a i n 

over the whole bog s u r f a c e . Thus , i f t h i s were t r u e , the bog i s not 

qui te as i d e a l as f i r s t ant ic ipated , f o r the most c l e a r cut demonstration 

of the 'Tauber e f f e c t ' over long d i s tances . However, f o r the e f f e c t 

of d i spers ion from the immediate bog edge, and f o r the demonstration 

of ind iv idua l t r e e po l len e f f ec t s up to near ly 100m out from the o r i g i n a l 

f o r e s t edge, the bog proved to be highly s a t i s f a c t o r y . 
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- Sphagnum 

+ C o r v l u s . 

if 

1 3 3 

1 1 1 

2 1 2 

1 3 1 

9 

6 

Mean = 9b 
• S D = 2 . 9 : " SE 

~ 2 5 5 

9 8 . 0 

9 2 . 0 

9 7 . 0 

9 8 . 5 

3 
=1 1 . 4 

• 2 5 1 

2 8 1 

2 3 5 
2 8 1 

2 5 9 

3 2 4 

2 9 7 

2 5 

1 6 

1 7 

6 

1 2 

2 4 

1 3 

2 9 

9 0 . 7 

9 4 . 0 

9 ^ - 3 

9 7 - 5 

9 5 - 9 

9 1 . 5 

9 5 - 5 
9 2 . 2 

Mean = 93 
SD=2.3 S E 

. 8 

= 0 . 8 

1 0 4 

1 8 0 

1 6 6 

1 5 9 

1 7 6 

1 6 8 

1 5 1 

1 4 

1 1 

1 2 

2 0 

6 2 

9 0 

5 

Mean - 8 6 , 
5 D = 1 1 . 5 SE= 

2 6 2 

8 8 . 0 

9 4 . 0 

9 3 - 0 

8 9 . 9 

7 6 . 0 

6 5 . O 

9 7 . 0 

2 8 3 

1 3 9 

2 6 0 

2 8 8 

2 9 7 

2 5 9 

3 2 4 

8 0 

9 6 

7 9 

4 6 

7 0 

2 3 

1 8 

3 2 

1 

= 4 . 4 

? 6 ~ T " 
7 ^ . 7 

6 3 . 8 
85 .O 
8 0 . 4 

9 2 08 
9 3 - 5 

9 1 . 0 

Mean = 8 2 . 2 

~ S D = 1 Q „ 4 S E = 3 . 7 

2 1 9 

1 6 3 

1 6 8 

2 0 ? 

2 5 5 

3 8 4 

286 
3 0 8 

2 1 

2 8 

2 8 

1 3 4 

1 3 7 

6 9 

7 1 

4 9 

9 1 - 3 

3 5 . 3 

3 5 . 7 

7 7 - 5 

6 5 . 1 

84 .8 
8 0 o l 

8 6 . 3 
Mean = 8 2 . 0 

S D = 8 . 0 S E = 2 . 8 

2 3 3 

2 9 6 

2 8 2 

3 0 9 

2 9 3 

3 ^ 7 

2 9 5 

3 8 5 

6 7 

7 7 

9 1 

9 7 

1 1 7 

1 1 6 

1 0 2 

4 5 

7 7 « 6 

7 9 » 4 

7 5 - 6 

7 6 . 1 

7 1 . 5 

7 4 . 9 

7 4 . 3 

8 9 . 5 

. Mean = 7 7 
S D = 5 . 4 S E : 

. 4 

1 . 9 

- C o r y l u s 

1 1 1 

9 0 

1 6 8 

1 1 5 

5 9 5 - 7 

9 9 0 . 9 

6 9 6 , 6 

2 9 3 . 3 . 

Mean = 9 5 . 4 ' 
S D = 3.2 S E = 1 . 6 

2 5 

1 6 

1 7 

6 

1 2 

2 4 

1 3 

2 9 . 

Mean = 9 2 . 1 
SD= 2 . 9 S E = 1 . 0 

2 0 7 

2 0 5 

1 9 1 

1 6 6 

2 1 7 

1 8 5 

245 
2 3 5 

89.2 
92.8 
91.8 
95-^ 
9'4.8 
38.6 
94.9 
89.0 

7 9 

1 4 8 

1 2 8 

1 0 6 

1 0 2 

9 4 

1 0 8 

1 4 

1 1 

1 2 

2 0 

6 2 

9 0 

5 

84.9 
93-1 
91A 
84.3 
6 2 . 2 

5 1 . 1 

95.6' 
Mean = 8 0 . 4 

S D = 1 7 . 0 S E = 6 „ 4 

1 6 2 8 0 6 6 . 9 
1 5 5 9 6 6 1 . 8 

9 0 7 9 5 3 . 3 

1 5 3 zl-6 7 9 . 9 

1 9 1 7 0 7 3 . 2 

2 2 0 2 3 9 0 . 5 

1 8 4 1 8 9 1 . 1 

2 2 7 3 2 8 7 . 7 

Mean = 7 5 . 2 

S D = 1 4 . 0 S E = 5 . 0 

1 1 1 

8 2 

8 5 

1 6 8 

1 5 2 

1 8 9 

1 5 6 

1 5 1 

2 1 

2 8 

2 3 

1 3 4 

1 3 7 

6 9 

7 1 

4 9 

7 ^ . 5 

7 5 . 2 

5 5 , 6 

5 2 , 6 

7 3 - 3 

6 8 . 7 

7 5 . 5 
Mean = 6 9 . 9 

S D = 1 0 o 7 S E = 3 . 8 

1 5 7 

2 0 4 

1 5 3 

1 5 0 

1 6 0 

1 7 4 

1 6 1 

2 0 7 

6 7 

7 7 

9 1 

9 7 

1 1 7 

1 1 6 

1 0 2 

4 5 

7 0 o l 

7 2 . 6 

6 2 . 7 

6 0 . 7 

57.8 
6 0 . 0 

6 l „ 2 

82 . 1 

Mean = 6 5 „ 9 

S D = 8 o 3 S E = 2 . 9 

Sphagnum 

+ Cory lus 

1 3 3 

1 1 1 

2 1 2 

1 3 1 

5 9 7 . 0 

9 9 2 . 0 

7 - 9 6 . 8 

4 9 7 o 0 

Mean = 9 6 . 0 
S D = 2 . 7 S E = 1 . 4 

2 4 4 3 5 8 7 " . 5 

2 5 1 1 9 9 3 - 0 

2 8 1 2 5 9 1 . 8 

2 3 5 6 9 7 - 5 

2 8 1 1 9 9 3 - 7 

2 5 9 6 5 8 0 . 0 

3 2 4 1 3 9 5 . 5 

2 9 7 3 3 9 0 . 0 

Mean = 9 1 . 0 
SD= 5 . 4 S E = 1 . 9 

1 0 4 1 6 8 6 . 7 

1 8 0 5 2 . 7 7 . 6 

1 6 6 2 5 8 7 . 0 

I 6 9 3 3 8 1 . 6 

1 7 6 8 4 6 7 . 7 

1 6 8 9 1 6 4 . 9 

1 5 1 9 9 ^ 
Mean = 8 0 . 0 

S D = 1 0 . 7 S E = 4 . 1 

2 6 2 1 2 7 6 7 . 4 

2 8 3 

1 3 9 

2 6 0 

2 8 8 

2 9 7 

2 5 9 

3 2 4 

1 1 0 

• 8 5 

6 9 

1 8 5 

8 2 

6 2 

5 4 

7 2 . 0 

6 2 . 1 

7 9 . 0 

6 0 . 9 

7 8 . 4 

8 0 . 7 

8 5 - 7 

Mean =73-3 
SD= 9 . 1 S E = 3 . 2 

5 5 

1 1 3 

1 1 3 

2 0 5 

2 2 6 

1 4 2 

1 1 6 

8 3 

Mean = 6 5 . 6 

S D = 1 1 . 7 S E = 4 o l 

2 1 9 

1 6 3 

1 6 8 

2 0 7 

1 5 5 

3 8 4 

236 
3 0 8 

7 9 - 9 

5 9 . 1 

5 9 . 8 

5 0 . 2 

5 3 . 0 

7 3 . 0 

7 1 . 1 

7 8 . 8 

385 

3 1 9 4 2 . 2 1 5 7 3 1 9 

2 1 8 5 7 . 6 2 0 4 2 1 8 

2 6 9 5 1 o 2 1 5 3 2 6 9 

1 3 7 

1 6 4 

6 9 . 3 1 5 0 1 3 7 1 3 7 

1 6 4 5 2 , 3 1 6 0 1 6 4 

2 9 9 5 3 . 7 1 7 4 2 9 9 

2 1 3 5 8 . 1 1 6 1 2 1 3 

7 3 3 4 . 1 2 0 7 7 3 

Mean = 5 8 . 6 
S D = 1 2 . 8 S E = 4 . 5 

C o r y l u £ 

F 

1 1 5 

9 0 

1 6 8 

1 1 5 

-5 9 6 . 6 

9 9 0 . 9 

7 9 6 . 0 

4 - 9 6 . 6 

Mean = 9 4 . 8 " 
S D = 2 . 6 S E = 1 . 3 

2 0 7 

205 
1 9 1 

1 6 6 

2 1 7 

1 8 5 

245 
2 3 5 

2 5 

1 9 

2 5 

6 

1 9 

6 5 

1 3 -

3 3 

8 5 . 5 

9 1 . 5 

8 3 . 4 

9 5 . ^ 

9 1 - 9 

7 4 . 0 

9 ^ . 9 

8 7 . 7 

Mean = 8 8 . 7 
S D = 6.9 S E = 2 . 4 

7 9 

1 4 8 

1 2 8 

1 0 6 

1 0 2 

9 4 

1 0 8 

1 6 

5 2 

2 5 

38 
84 

. 9 1 

9 

8 3 . 2 

7 4 . 0 

8 3 . 7 

7 3 . 6 

5 4 . 8 

5 0 08 
9 2 . 3 

• Mean = 7 3 - 2 

S D = 1 5 . ^ S E = 5 . 4 

1 6 2 

1 5 5 

9 0 

1 5 3 

1 9 1 

2 2 0 

1 8 4 

2 2 7 

1 2 7 

1 1 0 

8 5 

6 9 

1 8 5 

S 2 

6 2 

5 ^ 

5 6 . 0 

5 8 . 5 

5 1 . 4 

6 8 „ 9 

5 0 . 8 

7 2 . 8 

7 ^ . 8 

8 0 . 8 

Level 

Mean = 6 4 . 3 

S D = 1 1 . 5 S E = 4 . 1 

1 1 1 55 6 6 . 9 

8 2 

8 5 

1 6 8 

1 5 2 

1 8 9 

1 5 6 

1 5 1 

1 1 3 

1 1 3 

2 0 5 

2 2 6 

1 4 2 

1 1 6 

8 3 

4 2 . 1 

4 2 . 1 

4 5 . 0 

4 0 . 2 

5 7 , 1 

5 7 . ^ 

6 4 . 5 

Mean = 5 1 „ 9 
S D = 1 0 . 8 S E = 3 . 8 

3 3 . 0 

48 . 3 
3 6 o 0 

5 2 . 3 

4 9 . 4 

3 6 . 8 

4 3 . 0 

7 3 . 9 

Mean = 4 6 . 6 
S D = 1 3 . 1 S E = 4 . 6 



TABLE .2.(cont/d). 
FOREST POLLEN PERCENTAGES.Derived from F = F o r e s t . L = L o c a l g r a i n Nos. 

DISTANCE 
KHOM ooc; 

nr;i-; 
MKTKl'IS. 

1 2 0 

2 4 0 

1 8 0 

3 0 0 

4 0 0 

- Sphagnum 

I.. 

2 7 5 

2 ? 4 

2 0 9 

2 7 7 

3 0 1 

2 0 0 

2 9 8 

3 6 0 

1 0 7 

7 9 

9 7 

1 2 6 

1 0 6 

5 4 

9 9 

6 7 

7 2 . 0 -

7 7 = 6 

6 8 . 3 

6 8 o 7 

7 3 . 9 

7 9 . 0 

7 5 - 1 . 

8 I . 7 

Mean = 7 4 
SD= 4 . 8 SE= 1 . 7 

2 3 1 

2 2 8 

2 0 0 

2 2 3 

1 9 0 

2 2 1 

2 6 6 

1 7 3 

3 8 

5 0 

3 5 

3 

1 0 

4 0 

2 5 
1 0 

Mean = 8 8 , 
S D = 8 , 2 S E = 

8 6 o 0 

7 2 . 0 

8 5 . 0 

9 7 . 0 

9 5 - 0 

8 4 . 0 

9 1 . 0 

9 5 . 0 
1 

2 . 9 

2 1 6 1 0 2 6 7 o 5 

2 3 4 5 0 8 3 . 5 

1 7 7 2 5 8 8 . 0 

2 2 2 1 2 9 4 . 0 

1 3 5 7 . 9 7 . 0 

1 8 1 1 4 9 3 . 0 

1 8 9 • 8 9 5 . 9 

1 6 3 1 9 9 . 4 

Mean = 8 9 < 
S D = 1 0 . 3 S E = 

8 

3 . 7 

2 0 1 6 0 7 7 . 0 

1 7 9 9 6 6 5 . O 

2 0 5 3 1 8 6 . 0 

1 7 5 2 7 8 7 . 0 

1 9 5 1 8 9 2 . 0 

2 1 1 7 0 7 5 - 0 

1 7 6 1 8 9 1 . 0 

1 8 4 4 8 7 9 . 0 

. Mean = 8 1 , 
SD= 9 . 2 S E = 
1 7 8 

2 1 ? 

2 2 5 

2 9 3 

1 9 6 

1 8 1 ' 

1 3 9 

1 5 8 

3 0 

4 4 

3 4 

7 1 

2 7 

2 3 

2 1 

1 9 

Mean = 8 5 , 
SD= 3 . 1 S E = 

5 

3 . 3 

F 5 7 0 " 

8 3 . O 

8 4 . 0 

3 0 o 0 

8 7 o 0 

8 9 o 0 

8 5 . O 

8 9 . 0 

1 . 1 

C<ii\y l i.i: 

1 5 0 

. 1 5 0 

1 1 5 

1 5 2 

1 4 2 

1 0 0 

1 5 0 

1 5 0 

1 0 7 

7 9 

9 7 

1 2 6 

1 0 6 

5 4 

9 9 

6 7 

5 8 . 4 

6 5 « 6 

5 ^ . 3 

5 4 . 7 

5 7 - 3 

6 4 . 9 

6 0 „ 2 

6 9 . I 

Mean = 6 0 . 6 " 
SD= 5 . 4 S E = 1 . 9 

1 1 8 3 8 7 5 - 6 

1 3 9 5 0 7 3 . 5 

no 3 5 7 5 . 9 

1 4 2 8 9 4 . 7 

1 6 9 1 0 9 4 . 4 

1 1 9 4 0 7 4 . 8 

1 3 7 2 5 8 4 , 6 

1 0 9 1 0 9 1 - 6 

Mean = 8 3 . 1 
SD= 9 ° 3 S E = 3 . 3 

1 3 0 

1 0 9 

1 0 2 

1 4 6 

1 0 7 

1 1 5 

1 1 3 

1 0 4 

1 0 2 

5 0 

2 5 

1 2 

7 

1 4 

8 

1 

5 6 . 0 

6 8 . 6 

8 O . 3 

9 2 . 4 

9 3 . 9 

8 9 . 2 

9 3 . ^ -

9 9 . 0 

Mean = 8 4 . 1 
S D = l 4 . 9 S E = 5 . 3 

T I B 6 0 6 6 . 3 

1 2 2 9 6 5 5 . 9 

1 1 9 3 1 7 9 . 3 

1 1 0 2 7 8 0 . 3 

1 0 2 1 8 8 5 . O 

1 1 0 7 0 6 1 . 1 

1 0 1 1 8 8 4 . 9 

1 1 1 4 8 6 9 , 8 

Mean = 7 2 . 8 

S D = 1 1 . 1 S E = 3 » 9 

1 5 3 0 7 9 . 3 

1 2 1 4 4 7 3 . 3 

1 2 2 3 4 7 8 . 2 

1 4 6 ' 7 1 6 7 . 3 

1 0 5 2 7 7 9 0 6 

2 2 0 2 3 9 0 . 5 

1 0 1 2 1 8 2 . 8 

1 0 0 1 9 8 4 . 6 
Mean = 7 9 » 4 

SD= 7 . 0 S E = 2 . 5 

+ Sph.-JK nuin 

•1- Cor.y'bi: 

2 7 5 

2 7 4 

2 0 9 

2 7 ? 

3 0 1 

2 0 0 

2 9 8 

3 0 0 

2 2 8 

1 6 5 

1 2 8 

1 9 9 

1 1 6 

6 0 -

1 4 9 

1 3 9 

5 4 , 7 

6 2 . 4 

6 2 . 0 

5 8 . 2 

7 0 . 5 

7 6 . 9 

6 6 . 6 

6 8 . 3 

Mean = 6 5 . 0 
S D = 7 . 1 S E = 2 . 5 

2 3 1 

2 2 8 

2 0 0 

2 2 3 

1 9 0 

2 2 1 

2 6 6 

1 7 3 

4 2 

5 5 

5 8 

3 9 

3 1 

5 2 

1 0 3 

6 5 

8 4 . 6 

8 0 . 6 

7 7 . 5 

8 5 . I 

8 6 o 0 

3 1 . 0 

7 2 . 1 

7 2 . 7 

Mean = 8 0 . 0 

S D = - 5 . 4 S E = 1 . 9 

2 1 6 

2 3 ^ 

1 7 7 

2 2 2 

1 8 5 

1 8 1 

1 8 9 

1 6 3 

2 1 1 

1 1 5 

8 1 

3 5 

2 2 

8 7 

4 2 

3 5 

5 0 . 6 

6 7 . O 

6 8 . 6 

8 6 . 4 

8 9 . 4 

6 7 . 5 

8 1 . 8 

8 2 . 3 

Mean = 7 ^ » 2 
S D = 1 3 . 0 " S E = 4 . 6 

2 0 1 7 3 7 3 - 4 

1 7 9 1 6 6 . 5 1 . 9 

2 0 5 1 3 6 6 0 . 1 

1 7 5 8 9 6 6 , 3 

1 9 5 1 4 1 5 8 . O 

2 1 1 8 8 7 0 . 6 

1 7 6 7 2 7 1 . 0 

1 8 4 . 9 6 6 5 . 7 

Mean = 6 4 . 6 

SD= 2 . 4 S E = 2 . 6 

1 7 8 ' 7 2 7 1 . 2 

2 1 7 8 4 7 2 . 1 

2 2 5 1 5 5 5 9 . 2 

2 9 3 1 2 7 6 9 . 8 

1 9 6 6 5 7 5 - 1 

1 8 1 4 5 7 9 . 4 

1 8 9 2 9 8 6 . 7 

1 5 8 • 5 2 7 5 * 2 

Mean = 7 3 . ° 
SD= 7 . 9 S E = 2 . 6 

- Coi-.ylii:.: 

i" 

1 5 0 

1 5 0 

1 1 5 

1 5 2 

1 4 2 

1 0 0 

1 5 0 

1 5 0 

2 2 8 

1 6 5 

1 2 8 

1 9 9 

1 1 6 

6 0 

1 4 9 

1 3 9 

3 9 - 7 

4 7 . 6 

4 7 . 3 

4 3 . 3 

5 5 . 0 

6 2 . 5 

5 0 , 2 

5 1 . 9 

Mean = 4 9 . 7 

SD= 7 . 1 S E = 2 . 5 

1 1 8 

1 3 9 

1 1 0 

1 4 2 

I 6 9 

1 1 9 

1 3 7 

1 0 9 

4 2 

5 5 

5 8 

3 9 

3 1 

5 2 

1 0 3 

_°5_ 

7 3 . 8 

7 1 , 6 

6 5 . 5 

7 8 . 5 

8 4 . 5 

6 9 0 6 

5 7 . 1 

6 2 . 6 

Mean = 7 0 . 4 
S D = 8 . 8 S E = 3 . 1 

1 3 0 

1 0 9 

1 0 2 

1 4 6 

1 0 7 

1 1 5 

1 1 3 

1 0 4 

2 1 1 

1 1 5 
8 1 

3 5 

2 2 

8 7 

4 2 

3 5 

3 8 . 1 

4 8 . 7 

5 5 - 7 

8 0 . 7 

8 2 . 9 

5 6 . 9 

7 2 . 9 

7 5 . 4 

Mean = 6 3 . 9 

3 0 = 1 6 , 3 S E = 5 . 8 

1 1 8 7 3 6 1 . 8 

1 2 2 1 6 6 4 2 . 4 

1 1 9 1 3 6 4 6 . . 7 

1 1 0 8 9 5 5 . 3 

1 0 2 ' 1 4 1 4 2 o 0 

1 1 0 8 3 5 5 . 6 

1 0 1 7 2 5 3 . 4 

1 1 1 9 6 5 3 . 6 

Mean = 5 2 . 0 

S D = 7 . 4 S E = 2 . 6 

1 1 5 7 2 0 I . 5 

1 2 1 8 4 5 9 . 0 

1 2 2 1 5 5 4 4 „ 0 

1 4 6 1 2 7 5 3 . 5 

1 0 5 6 5 6 1 . 8 

2 2 0 4 7 8 2 . 4 

1 0 1 2 9 • • 7 7 - 7 

1 0 0 5 2 6 5 . 8 

Mean = 6 3 . 2 
S D = 1 2 . 4 S E = 4 „ 4 

. e v c l 

cm 

1 4 7 

1 5 7 ' 

1 6 7 

1 7 7 

1 8 7 

1 9 7 

2 0 7 

2 1 7 

1 5 0 

1 6 0 

1 7 0 

1 8 0 

1 9 0 

2 0 0 

2 1 0 

2 2 0 

1 1 0 

1 2 0 

1 3 0 

1 4 0 

1 5 0 

. 1 6 0 

1 7 0 

1 8 0 

1 6 0 

1 7 0 

1 8 0 

1 9 0 

2 0 0 

2 1 0 

2 2 0 

2 3 0 

1 3 4 

1 4 4 

1 5 4 

1 6 4 

1 7 4 . 

1 8 4 

1 9 4 ' 

2 0 4 



470 

750 

- Sphagnum + Sphagnum 

T A B L E .2.1 confrfrj). ^ „ t _ _ _ . H 

FOREST POLLEN PERCENTAGES . D e r i v e d from F = F o r e s t , L = L o c a l g r a m Noi 

DISTANCE" 
FROM BOG 

EDGE 
METRES. 

+ Cor.ylus 

i 
221 
192 
167 
197 
221 
181 
166-
221 

I65 
110 
96 
^5 
56 
97 
71 
25 

57 oO 
62.8 
63.O 
80.0 
79.8 
65*0 
70.0 
85.0 

Mean = 70< 
SD=10.1 SE= 

3 

224 
187 
176 
219-

25 
33 
38 
53 

90.0 
•85.0 
82.0 
80.5 

Mean = 84, 
SD= 4.2 SE= 

- C o r y l u s 

131 
106 
102 
112 
107 
100 
97 

109 

165 
110 
96 
45 
'56 
97 
71 

_25_ 

44.2 
49.1 
51.5 
71.3 
65.6 
50.8 
57.7 
81.3 

Mean =58.9 
SD=12.7 SE=4.5 
130 
110 
90 

103 

25 83.9 
33 76.9 
38 70.3 
53 66.0 

Mean =74.3 
SD= 7.8 SE=3.9 

+ C o r y l u s 

221 
192 
I67 
197 
221 
181 
166 
221 

249 
152 
138 
95 
73 

136 
86 
48 

47.0 
55-8 
54.8 
67.5 
75.2 
57.1 
65»9 
82.2 

Mean = 63.2 
5D=11.7 SE=4.1 
224 
187 
176 
219 

53 80.9 
93 66.8 
38 82.2 
53 80.5 

mean - 77.6 
SD=7.2 SE=3.6 

C o r y l u s llevel 

131 
106 
102 
112 
107 
100 
97 

109 

249 34.5 
152 41.1 
138 42.5 
95 5^.1 
73 59.^ 

136 42,4 
53.0 
69.4 

86 
48 

Mean = 49.6 
SD=11.5 SE=4.1 
130 53 71.0 
110 93 54.2 
90 38 70.3 

103 53 66.0 
Mean = 65.4 

SD= 7.8 SE=3.9 

cm 

110 
120 
130 
140 
150 
160 
170 
180 

200 
220 
240 
260 

T A B L E . 3 . 
FOREST POLLEN PERCENTAGES. 'Means' of A l l 8,Top 4, Base"4 r e p l i c a t e s , 

DISTANCE 
FROM BOG 

EDGE 

METRES 

- Sphagnum 
+ C o r y l u s 

A l l 
8 

-op 
4 

Base 
4 

- C o r y l u s 

A l l 
8 

Top Base 
4 4 

+ Sphagnum 
+ C o r y l u s 

A l l 
8 

Top 
4 

Bass 
4 

"Coryius 

A l l 
. 8 

Top Base 
4 4 

0 
20 
30 
40 
61 
80 

120 
180 
240 
300 
400 
470 
750 

96-.3 
93.9 
86.1 
82.2 
82.0 
77.4 
74."5 
89.8 
88.1 
81.5 
85-3 
70.3 
84.4 

95-0 
94.1 
91.2 
75-0 
85.O 
78.1 
71.9 
83.3 
35.0 
78.8 
83.O 
57.0 
87.5 

97.8 
93-9 
79.3 
89.4 
79.1 
77.6 
77.4 
96.3 
91.3 
84.3 
87.5 
75.0 
81.3 

95.4 
92.1 
80.4 
75-2 
69.9 
65.9 
60.6 
84.1 
83.I 
72.8 
79.4 
58.9 
74.3 

93.3 
92.3 
88.4 
45.5 
72.4 
63.5 
53.3 
74.3 
79-9 
70.5 
74.5 
54.0 
80.4 

97.5 
91.8 
69.6 
85.6 
67.6 
65.3 
62.9 
93.9 
86.4 
75 .'2 
81.7 
62.3 
68.2 

95-^ 
91.0 
80.0 
73.3 
65.6 
58.6 
65.O 
74.2 
80.0 
64.6 
73.6 
63.2 
77.6 

95.0 
92.5 
83.2 
70.1 
62.3 
55ol 
59-3 
68.2 
82.0 
62.9 
68.1 
56.3 
73.9 

96.9 
89.6 
77.3 
78.4 
69.O 
62.1 
70.6 
.80.3 
78.0 
'66:. 3 
79.1 
70.1 
81.4 

94.8 
88.7 
73.2 
64.3 
51o9 
46.6 
49.7 
63.9 
70 .,4 
52.0 
63.2 
49.6 
65.4 

93-3 96.3 
90.2 37.1 
78.6 66.0 
58.7 69.8 
49.0 54.8 
42.4 50.8 
44.5 54.9 
'55.8 72.0 
72.4-68.5 
51.6 52.4 
5^-5 71.9 
43.1 56.I 
62.6 68.2 

T A B L E . 4 . 
• t « TEST ON DIFFERENCE BETWEEN THE MEANS OF FOREST POLLEN PERCENTAGES. 

m - Sphagnum + Sphagnum 
+ C o r y l u s - C o r y l u s + C o r y l u s - C o r y l u s 

0 

20 

30 

40 

61 

30 

120 

96.3 

93-9 

'86.1 

82.2 

82.0 

77.^ 

74.5 

t P 
9.30 0.001 

10.5 0.001 

2.5 0.05 
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T A B L E . 5 . 
MEANS OF INDIVIDUAL TREE/SHRUB SPECIES AS $ TOTAL TREE POLLEN. 

DISTANCE 
FROM BOG Betu la . Quercus Alnus Corylus 
EDGE IN 

Corylus 

METRES. 
X 63.0 11.4 25.8 • 21,5 

0 ' S.D 18.1, 7.7 16.4 4 .8 
S . E 6.4 2.7 . 5.8 1.7 

X 42.7 19.6 35-9 35-0 
20 S.D . 15.7 . 6 .4 13.1 12.0 

S . E 5.5 2.3 4.6 4.2 
X 50.6 20.2 27.2 48.6 

30 S.D 17.6 . 9 . 2 9.9. 22.4 
S . E 6 .2 3.3 3.5 7.9 

X . 35-^ 27.3 34.2 60.7 
40 S.D 8.3 6.9 . ' 8.8 12.4 

S . E 2.9 2.4 3.1 4.4 
X 22.1 29.6 48.6 84.3 

61 S.D 6.0 2.0 4 .4 27.1.' 
S . E 2.1 0.7 1.6 . . 9.6 . 

X 25.5 . 36.2 3^.5 . 80.1 
00 S.D 8.0 •^.5 5.7 22.0 

S . E 2.8 1.6 2.0 7.8 
X 22.7 36.4 37.0 92.2 

120 S.D 12.1 8.3 6.4 10.2 . 
S . E 4 .3 •2.9 2.3 3.6 

X 24.3 • 33.2 40.0 69.8 
180 S.D 6.1 7.9 7.0 19.9 

S . E 2 .2 2.8 2.5 7.0 
X 19.9 . 35.6 42.8 74.5 

240 S.D 3.6 7.0 6 .2 16.7 
S . E 1.3 2.5 2.2 5.9 

X 19.7 35.9 40.9 72.3 
300 S.D 7.7 . 7.4 10.1 14.6 

S . E 2.7 2.6 3.6 5.2 
X 14.8 • 31.8 51.6 75.6 

400 S.D 3.8 :3.7 2.3 19.4 
S . E 1.3 1.3 0.8 6.8 

X 21.3 34.2 . 42.8 81.0 
470 . S.D. 6.3 6.5 8.0 . 16.0 

S . E . 2.2. 2.3 2.8 :5.7 . 
X 29.0 28,6 39.6- 85.8 

750 S . D . 6.1 5.P 4.6 19.2 
S . E 1.5 2.5 2.3 9.6 
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