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'Winnow all my folly, folly, folly,
And you'll find

A grain or two of truth among the chaff ...

oeo When a jester is outwitted,

Feelings fester, heart is lead ...

V.S, Gilbert
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GENERAL INTRODUCTION

This study was mﬁertaken to reconstruct the regional vegetational
history of Holderness, in south-east Yorkshire., It is an area with
great potential for palaeo-ecological investigations and yet it has
been largely ignored during the great increase of research in this field
in recent years. Being on the east coast, Holderness is well placed to
provide information on the migration of plants into this country,
particularly in Late-glacial and early Flandrian times, when the region
was Jjoined to the continent by dry land. As a distinct and somewhat
isolated region of low-lying land which must have been rather water-

logged for much of Post-glacial time it would have provided a

considerable challenge to prehistoric man., Therefore an exmination of

the extent to which early men was able to emploit this difficult

environment seems to be worthwhile,

Among the most interesting advances in the study of vegetational

history have been the introduction of the evaluation of pollen
concentration and absolute pollen frequencies in an attempt to give &
more quantitative picture of past vegetational communities, and also
the considerable reassessment of climetic conditions during the Late=-
glacial period. Consequently, in the elucidation of the vegetational
history of Holderness, the intention has also been to throw some light
on these current problems. The Late-glacial of Holderness has therefore
been studied in terms of pollen concentrations and absolute pollen
frequencies, and the results obtained compared with other recent evidence,
much of which has come from north-western England, to try to establish
to what extent condiiions varied within northern England during this
period, Somewhat more approximate estimates of absolute pollen

frequencies in Post-glacial times have been made, and the value that this
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information adds to the understanding of vegetational history of the

area, has been considered.



SECTION 1

INTRODUCTORY



.
CHAPTER 1

THE REFINEMENT OF THE POLLEN ANALYSIS TECHNIQUE - & literature surve

Since its introduction, the pollen analysis method has undergone
considerable changes in application and has been continually refined to
keep pace with this, Von Post (1916) undertook palynological
investigations to add to the work of Blytt and Sernander (Sernander,
1908), who drew up & scheme of four Post-glacial periods of climate
from studies of peat bog stratigraphy. They recognised a éeneral pattern
of two layers of dense woody peat with many Pinus and other tree stumps
present. Lying above each of these layers was asnother of less dense
sedge of Sphagnum peal, The tree stump layers were said to represent
periods of continental climate - named the Boreal and Sub-Boreal periods,
in which trees grew over the drying bog surfaces and peat formed only
slowly. The less dense peats were thought to have formed more quickly
under & more humid maritime climate., The earlier of these two periods

vas nared the Atlantic and the latter the Sub-Atlantic.

Von Post's early work in Sweden, on the fossil tree-pollen spectra
of peat bogs, supporied this broad view of Post-glacial climatic changes,
He found that peat deposits had similar pollen assemblages at the top
and bottom - the terminokratic elements - which congisted largely of pollen
of Pinus, Picea end other cold-tolerant trees. The central portion of the
Post-glacial peats contained pollen of comparatively thermophilous trees,ﬂfsuch
as Quercus, Tilia, Ulmus and Alnus, These he termed the mediokratic elements,
He considered these changes in the fossil pollen spectra to be due to -
climatic change fronm a cool, early Post-glacial time, through a warmer

period, to a more recent delerioration in eclimatic conditions.

Many more pollen analyses were then completed throughout Europe and
on & world-wide scale with the main purpose of elucidating climatic changes,
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In Europe, for exanple, Von Post's scheme of Post-glacial climatic change
cane to be broadly accepted over a wide area, though more than the three
basic zones were soon distinguished, In the British Isles a sequehce of
zones I to III to cover Late-glacial- time and zones IV to VIII for the
Post-glacial period, was drawn up (Godwin, 1940%3, 1956). These zones
were characterised largely by their arboreal pollen assemblages, Changes
from zone to zone were, in the main, attributed to climatic causes and,

in the Yost-glacial peats, the apparent development from Pinus and Betula

forest to mixed deciduous woodland, followed by the disappearance of some
of the more thermophilous elements such as Ulmus and Tilia, seemed to

coincide well with the idea of an ameliorating Post-glacial climate, with

a subsequent deterioration.

In its early days, therefore, pollen analysis served chiefly as &
climatic indicator. | It was also an important means for the relative
dating of archaeological finds, etc., discovered in peat.. Such finds
could be ascribed, by the pollen analysis of peats around 'them; to specific
pollen zones, and thus given comparative ages. With the introduction of
the radiocarbon dating technique (Libby, 1955) absolute ages could be
estinated with a fair degree of accuracy, particularly &3 the technique
was improved (é.g. Suess, 1970), This meant that, in some ways, pollen
analysis was reduced to e dating tool of secondary importance, élthough
it gained as an indirect means of dating, because the pollen zone boundaries
themselves could now be effectively dated (Godwin, Walker and Willis,

19573 Godwin, 1960a3 Hibbert, Switsur ang west, 19713 Smith and Pilcher,
19733 Hibtbert and Switsur, in the Presgs)

Further advances have tended to reduce the pre-eminence of pollen

analysis for the understanding of past climate, These include the more

direct palaeotemperature measurements obtained by the oxygen isotope
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method (Emiliani, 1955), and results from other indirect methods, such
as analyses of fossil Coleoptera, Foraminifera and Diatoms. Such studies
es those of fossil Coleoptera (e.g. Coope, 1970) have suggested that there
may be a time lag between .climatic improvement and the arrivel of new
plant species, and hence deposition of pollen spectra which would be
taken to indicate this improvement., This means that pollen analytical
studies may not show climatic changes as soon as they occur, The length
of time necessary for plants to migrate into newly suitable habitats
does not seen to have been appreciated by early palynologists (Faegri,
1966)., There may glso be inertia in the vegetation éuring deteriorating
climatic conditions. Faegri (1966) noted that soil development factors
might influence vegetational development, and that changes interpreted as
climatic might be primerily edaphic, As so0il development is closely

related to climate, however, this may not be very significant,

At first pollen analystis largely ignored the influence of early

man on the natural vegetation, and hence on the deposition of pollen

spectra, llan was thought to have had 1little effect on his environment
before quite recent times, and so Von Post (1916) was able to attritute
the revertence to pollen of more cold-tolerant plants in recent times to
a deterioration of climate, Now, with the accumulation of more and more
evidence of the great influence of early man on his surroundings it has
been realised that vegetational changes cannot be regarded merely as a
result of climatic change. Ilan's activities in clearing forest, burning,
and rearing grazing animals have been found to extend much further back
than was at first appreciated, and quite widely to around 3,000 B.C. when
it is pro'babl;é that Neolithic man cut elm branches to feed to cattle
(Troels-Snmith, 1960), and so contributed to the decline in Ulmus pollen
seen in many north kuropean pollen diagrams, Other explenations have been

proposed tor this change in the pollen spectra, however (see chapter 9).
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More work has demonstrated the influence of earlier cultures on their
environnent, also reflected in the fossil polllen spectra of nearby
depo;ition sites, At Star Carr (Clark, 1954) mesolithic hunters built
& lékeside dwelling, and their small influence on the local vegetation
was reflected by the presence of several weed species in the pollen spectra,

although their effect on the general forest vegetation was probably

insignificant,

Together, these advances have meant that pollen analysis has become
of relatively less importance as a means of understanding climatié change,
especially for the Post-glacial period when man has been edively affecting
vegetational commmnities; and it has been reduced foﬁlaecondary importance
as & dating technique, The epphasis in fossil pollen analysis haé
therefore been slightly shifted to a more refined study of the past
vegetation itselfy and the technique is used no;w much more for palaeo-

ecology than palaeo-climatology.

It pollen analysis is to be effective as a palaeo-ecological tool
then it should give results comparable with those of modern floristic
ecology. It should provide, in the tirst place, 2 comprehensive list of
types present, including especially plants indicative of certain
communities, human disturbance or cultivation, all identified to within
the narrowest possible limits. It should give results ézplica‘ble in terms
of vegetation communities at known distances from the sampling point, and
covering areas of known extent. Some estimate of the quantitative '

abundance of individusl taxa within the plant communities should be made

from the pollen frequencies obtained,

The limitatllions of pollen analysis for the description of past
vegetation have been fully discussed (e.,g, Fagerlind, 19523 Davis, 1963;

Faegri and Iversen, 19043 Faegri, 1966), The rain weaknesses of the
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rethod include the following, Difficulty in distinguishing bYetween the
pollen of certain closely-relatéd plants limits the ecological
interpretations possible., The non-flowering of some plents, due to
climate, human interference or even youth, will prohibit them from
representation in deposited pollen spectra, Differential production,
dispersive ability and deposition of pollen between wvarious taxa or by
one texon at different times will distort the relative values in the
pollen spectra, which will not, therefore, represent equal values of
vegetation., Differential decay of pollen during or after incorporation
into a sediment will also distort the spe‘ctra (e.g. Sangster and Dale,
19613 Cushing, 1967), as will redeposition of older pollen (e.g.
H.J.B. Birks, 1970). The chemical treatments involved in the preparation
of pollen samples may cause selective destruction of some pollen; and
inadequate mixing or the counting of an insufficient number of pollen
grains in the samf.e may distort the results. Even the mounting of fossil
pollen onto the microscope slide for counting may have an effect on what
types are missed in the count (Brooks and Thomas, 1967)., The expression
of the results has usually been as pefcentages of total arboreal pollen,
and this gives only proportional values, Davis (1963 ) has shown that as
the values for erboreal pollen, for instance, are usually taken to add
up to 100%, and the individual values are therefore complementary, & rise
in the value of one type, rather than representing an increase in the
pollen production of that taxon, may be due to the decline of another type.
The percentage method also gives no measure of absolute pollen frequency

or of differences in pollen concentration between spectra.

Many of the problems confronting pollen analjats in their attenpts

to interpret vegetational changes had been seen quite early on. In 1916

VYon Post had stated 'A number of questions remain to be investigated

before the pollen analysis method can be congidered entirely clear.,
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Anong other things we must analyse the modern pollen rain in regions
whose forest composition is to some degree well known., Perhaps by this
method it might be possible to introduce a correction for the differences
in magnitude of pollen production of the different tree species and for
the different flight abilit}: of the different kinds of pollen, Thus the
question of the post-glacial's real forest composition will come closer

to reality.' (in Davis, 1963).

These ideas were not pursued for some years, buf Pohl (1937)
calculateg the amount of pollen produced by one hectare of pure forest.
Taking into account frequency of flowering of different species, he

arrived at the following relative figures:-

Alnus 177 Pinus 15.8 - Corylus * 13,7
Betula 13.6 Picea 13.4 Carpinus Te

Quercus 1.6 Fagus 1,0 1,0

Iversen (19473 and in Faegri and Ive:;sen, 1964 ) proposed =
sinplified correction for differential pollen production. He divided
European tree species into three groups, A, B and C, according to pollen
productivity, and then suggested that fossil pollen numbers from group .
A should be divided by four, btut that groups B and C should not be
changed.,

These resulils are, however, of 1little use in interpreting fossil
pollen diagrams as they are only a measure of what is produced, and not
of the amount of pollen likely to accumulate in & sediment suitable for
pollen analysis. Over- or under-representation is best measured &t ‘a.

depositional site, as heavy pollen producers may have their pollen poorly

dispersed and therefore be under-represented in fossil pollen spectra.

Mlodern pollen specira, for comparision with modern vegetation, have



been studied in a variety of ways. The pollen rain has been caught in
various kinds of traps (e.g. Teuber, 19673 Flenley, 1973 Bergiund, 1973)
or the modern spectra examined directly from moss polsters (e.g. Birks,
19733 Rymer, 1973), the surface mud of lake deposits (e.g. Lichti-
Federovich and Ritchie, 1968) or the surface layers of peat bogs (e.g.

Turner, 1964) where pollen is being deposited at present,

Tree pollen percentages from surface samples of mud from Brownington
Pond, Vermont, have been compared with the actual tree species content of
the surrounding vegetation (Davis and Goodlett, 1960). Nearly all of the
tree species growing in the area were represented in the pollen spectra,
but for most types the percentage (of total tree pollen) in the sediments
was quite unlike the percentage of total basal area in the forest stands,
In the forest about 75% of the basal area total waé represented by Acer

8PDey Mﬁ' Abies M’ _Pi_c_ea SPPes Betu].a Sppt E.nd POEU.].U.S. The

most abundant types found in the pollen spectra were Betula, Fagus, Isuga
and Pinus, 'I'c.:.) estimate relative efficiencies of pollen production and
dispersal from the éa.ta it was assumed that most (80-90%) of the pollen
collected had its source within .the local area of about 150 square miles.

Ceneral evidence showed this to be a reasonable assumption.

ercus rubra was found to be highly over-represented in the surface
samples, suggesting that it is easily dispersed by the wind, as most
European species of Quercus have been regarded as only moderate pollen
producers., It is possible, however, that pollen productivity may vary

between different species of thessane genus and between stands of the

same species in different areas, Pinus was also found to be over-
represented, and it was equally common in the surface samples at

Brownington Pond, around which Pinus trees were infrequent, as in the

nearby Spectacle Pond, bordered by stands of Pinus strobus and Pinus



-1l-

resinosa. They suggested that Pinus pollen was easily dispersed and

fell over & wide area in an even rain. Betula and Alnus were also over-

represented in the pollen spectra, but not to the same extent as Pinus

and Quercus,

The pollen percentages of Tsuga canadensis, Fagus grandifolis,

Fraxinus sppe., Ulrus americana, Picea spp. and Ostrya virginiana from

the surface samples were found to fit fairly closely with the percentage

basal area of these taxa in the actual vegetation. However, Acer spp.,

Thuja occidentalia, Abies spp., Populus and larix spp., were all under-

repreéented in the pollen percentages. Pollen production of the various

Abies species varied,

Potter and Rowley (1960) also studied modern pollen spectra
percentages and found them to relate reasonably well to basal area
percentages of tree species., They found the average composition of
arboreal pollen from all their sites to be Juniperus 61%, Pinus 267%,
Quercus 9% and others 4%. The percentage basal area for forested areas

was Juniperus 40%, Pinus 50%, Quercus 9% and others 1%, Thus Juniperus

was over-represented here. In this study Pinus was under-represented in
the pollen spectra, probably because Juniperus contributed such a high

proportion of the total pollen rain,

In modern pollen spectra from moss polsters and surface deposits in

Minnesota, Tilla was under-represented quite strongly although it is &

fairly heavy producer of pollen (Janssen, 1966), Very little Tilia
pollen seemed to be dispersed more than 200m from its source, probably
because it is carried by insects. The better-dispersed Ulmus was under-

represented, but less so than Tiliaj; and Fraxinus showed similar behaviour

to Ulmus. Corylus evellana has a high pollen production (Pohl, 1937), end

it is one of several pollen types with a low 'settling velocity (Dyakowska,
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1937), however Janssen (1966) found it to be generally under-represented
except actually under the Corylus bushes., The heavy, poorly-dispersed
grains of Abies and larix were strongly under-represented. Erdtman (1935)

of
had reported the absence of pollen/ Larix from Boreal forests of Canada

where 1t grows abtundantly. Janssen found Picea pollen to be abundantly
produced but poorly dispersed, and Pinus to be only slightly over-
represented here., FPinus pollen has been found in the tundra of Lappland
at percentages as high as in the Pinus forest (Aario, 1940)., Janssen
(1966) suggested that as Pinus pollen is so easily dispersed it will fall
in an even rain over & wide area and so be under-represented in surface
pollen spectra where it occurs plentifully in the vegetation, and over=-

represented where its trees are scarce.

Janssen (1966) considered Quercus to be over-represented and

e ————

considered that where it had been found to be under-represented there had

been an over-abundance of heavily producing types - e.g. Juniperus in
New Mexico (Potter and Rowley, 1960), or Pinus ponderosa in the Chuska
mountains (Bent and Wright, 1963). Alnus was over-represented in the
Minnesotan samples when it occurred locally and Salix was often under-
represented because of poor dispersal. Her;:)s were strongly under=
represented, the pollen being found under the forest canopy only where
the plants grew close by. In open conditions their pollen dispersal may

be much more efficient (e.g. Berglund, 19733 Birks, 1973bj Rymer, 1973 ).

Andersen (1967), wozking on moss polster samples from southern Jutland,
compared the modern pollen percentages with the percentage basal area in
the surrounding vegetation, and produced relative production values for
each taxon. The percentage basal areas were from a circle of 30m radius
around the sanmpling point. Pollen from outside this area would contribute

to the pollen spectra at the sampling point, but this 'exotic'! pollen rain
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could be assumed to be fairly constant, He therefore calculated a 'truer'

pollen productivity wvalue froms

Pwope~rpo
a

where P = pollen productivity
P = pollen frequency of a species
po = exotiec pollen frequency of that species
a = percentage basal area of that species
From this regression equation the following pollen productivity ratios

(related to Fagus = 1,0) were estimated:-

Betula 4.1 Quercus = 4,1 Alnus 1,5
Fagus 1,0 Tilia 0.7 Fraxinus 0.6

He suggested correction by dividing fossil pollen values of Betula and

Quercus by 4, Alnus by 2 and by multiplying Tilia and Fraxinug values by

2, He accepted that in more open areas of forest different correction
factors might be needed, Andersen plotted these corrected pollen
percentage values against percentage basal area and demonstrated the

inproved fit. Later work has refined this (Andersen, 1970, 1973).

These studies seem to be of local value only. One type, as shown
for Pinus above, may be over-represented by the pollen spectra in one
commumnity and under-represented in another, depending on the pollen
productivity of the other plants present. Davis (1963) avoided this
problem of varying ratios of pollen percentages to vegetational
percentages (her 'R! value) by using ratios of this 'R' value between
the species present, Ohe maintained that this value stayed constant

even when the 'R' value changed, Thus, with productivity being equal

in examples 1 and 23~
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Veg 96 Pollen %age 'R! value RatRbtRe

Exanple 1
Species A 40 - 80 2 10

B 10 10 1 5

C 50 10 0.2 1
Example 2
Species A 20 | 50 2¢5 10

B 30 3Te5 1.25 D

C 50 12.5 0.25 1

These correction values, evaluated by modern pollen rain studies for
several species, were then used to reconstruct a fossil pollen diagran
from the 'Pine zone'! period of north-eastern U,S.A, Using such values

as R Pinug: R Piceas R Betulas R Abiest R larix of 24,000:70:680:17:1

she suggested that the so-called 'Pine zone' of about 8,000 B.P. was in
fact dominated by Larix, Abies, Acer and Populus, Her correction factors
were vastly different from those calculated by other workers, and as
Janssen (1966) has shown, Pinus mey be under-represented where it is

plentiful.,

Faegri (1936) considered some of Davis's calculations to be
statistically inadmissable, and later work (Davis, 1967) suggested that
the 'Pine zone' did represent a genuine peak of Pinusg in the forest.
Janssen (1970) and Andersen (1970) considered that the R values for any

type might vary too much from site to site to be useful.

The variations in the suggested correction factors of different
authors suggests that caution must be taken in using them., Birks (1973=2)
characterised a range of modern vegetation types in Scotland by means of
contemporary pollen spectra and then compared the modern spectra with

fossil pollen assemblages. Vhere there was a significant relationship
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past changes in vegetation over time could be interpreted in terms of
present vegetational changes in space. This seems to be a safer method

of interpretation than the use of correction factors.

There are several reasons why comparison of recent plant.communities
with fossil pollen spectra might fail to be productive., (Janssen, 1970).
Firstly, competition may have been different in the past with some species
having not yet migrated in, and lack of competition in the Late-glacial
might be the reason for the broad ecological:r amplitudes observed for
many species at that time, Secondly, if differentiation of soils occurred
late in the Holocene (Andersen, 1964) species now restricted to acid soils
may once have grown on neutral soils, Thirdly, further back in time there

is a chance that other ecotypes were involved.

Oldrield (1970) has pointed out that many of the problems with pollen
analysis arise from the use of the technique for such a wide variety of
purposes, from regional changes of vegetation throughout the Fleistocene
down to the detailed history of a small tract of woodland over two or three
centuries. He emphasised the need for objectives to be known when a
pollen analytic study is begun. He considered that modern pollen spectra
were only of use in interpretation when from the same site as the fossil
spectra under consideration., This then necessitates translation in time
only, not time and space, but is unfortunately rarely possible., He
enphasised the importance of distance of & pollen source from.the
collecting point. A poor pollen produder near to the sampling site may
contritute as much as an abundant pollen producer at some distance from
it. This makes the application of correction factors from modern pollen
gstudies rather dubious, Oldfield seems to be suggesting that, to obtain
any meaningful average correction factors, many modern pollen rain studies

nust be carried out. These would have to be done at many sites in orderr

to eliminate the bias at any one site, resulting from its vegetational
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peculiarities. Yet only those contemporary studies from the fossil site
under consideration can be realistically compared with the fossil spectra,
which leaves the researcher on the horns of an insoluble dilemma,
Oldfield also noted the value of absolute pollen counts in reducing the

nunber of assumptions necessary.

Before any generalised correction factors for representation can be
introduced comparative values and percentages need to be replaced by
absolute values of deposition of pollen from vegetation stands, against
tinme, There is also a need for more precise knowledge on what area is
contributing pollen to'a depositional site, and how this area might

change with time,

To study pollen deposition against time pollen rain has been caught
in various traps. Tauber (1967) used lé)Omm diameter traps with an
aerodynamically shaped collar to demonstrate that pollen rain could be
considered to have three components., The trunk space component, pollen
transported horizontally through the forest below canopy level, was all

that was caught by traps placed inside a stand of pure Faguss the traps
were roofed to prevent pollen from other components being washed into
them by rainfall, Two traps were placed on a small lake surrounded by
forest stands. One of these was roofed and so caught only the canopy
conponent, that elemenit of the pollen rain which moves just above canopy
height and descends only at openings in the forest, The other, unroofed,

trap caught both the canopy component and that washed down from higher

levels by rain - the rainout component.

The evaluation of the relative importance of the three components

at any site is of significance in understanding the pollen specira,

nodern or fossil, that occur there, If the site is dominated by the.
receipt of the trunk space component it will contain largely locel

pollen, If the canopy and/or rainout components dominate at the site
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the spectra will represent a more regional vegetation pattern. This
information may be of limited value for interpreting fossil pollen
diagrams, however, if the site in question now receives pollen mostly
of & conponent different from that which it received in the past. Such
s change may be caused by forest clearance or other iégetational change.
By & study of modern pollen spectra Janssen (1973) distinguished four
kinds of pollen deposition related to pollen dispersion: Local,
Extralocal, Regional and Extraregional pollen deﬁositian according to
distance travelled by the pollen and distinguished by the abundance and

regularity of values in the pollen assemblages,

The use of such traps as outlined above (Tauber, 1967, 1974) or
other, similar ones (Flenley, 1973), ensures that pollen deposition over
a set time can be measured., It does suffer from being en artificial
technique and may not collect exactly what would be deposited on the

ground surface, or in a lake basin (Peck, 1972).

Turner (1963) studied pollen dispersion from a strip Pinus
plantation by examining the pollen spectra in surface samples of
Sphagnum along & transect at right anjes to the plantation, She found
that almost a2ll pollen released from the plantation was deposited within
500n of it, Similar measurements of pollen dispersion were made at
various distances from an artifical source of Ambrosia pollen, and these
also produced an exponential curve for dispersion (Raynor and Ogden,
1965). Such studies are of value in determining what sort of area of
vegetation contributes pollen to any one point, but the simplified

vegetation conditions under which they must be carﬁed ouﬁt means that

pollen dispersion may be quite different from that within an extensive

nixed forest stand.

Noting the similarity of pollen dispersion to that of smoke or any
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other small particles, Sutton (1947) has produced formulae which allow
an approximate prediction of the pollen concentration in the atmosphere
at distances from point or line sources. In practice such formulae may
be of limited use as area or volume sources of pollen are more often met

with than point or line sources,and the parameters necessary for the

)
calculations, such as source strength in number of pollen grains emitted
per second, are impossible to measure accurately. However, much

theoretical studies may give an idea of the order of magnitude to dbe

expected,

Pollen rain has been trapped in special air samplers (Hirst, 1952 )
or on sticky slides (e.g. Van der Hammen, 1961). The conditions of
capture in these cases are quite unnatural and probably selective (Tauber,
1965), Slides or traps (e.g. Flenley, 1973 Tauber, 19673 Peck, 1973)
can operate over a strictly controlled time period, however, and they have
enabled daily and seasonal changes in the pollen rain to be studied, and*
have also shown the relative rarity of long-distance dispersal, except
in treeless areas where it may form an important proportion of the total

pollen deposition (Tyldesley, 1973).

The pollen analysis methlod has been further refined by increasing
exactness of identification. Understanding of Late-glacial vegetation in
Furope has been advanced by the distinc?ion of the fossil pollen of dwar{
birch (Betula nana) from that of the various tree birch species. The
distinction was made qualitatively (Terasmae, 1951) and later, more
quantitatively (Walker, 19553 Birks, 1968) by measurements of the grain
size and of the ratio of grain diameter to pore depth (see chapter 3).
Other detailed studies of modern reference pollen have led to the

identification of distinct genera within what seemed to be families with

hozmogeneous pollen types (e.g. Oldfieldp 1959), FPhase contrast and
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Electron microscopical studies have produced greater knowledge of pollen
srain structure and of the finer differences between pollen of closely

related taxa (e.g. Chambers and Godwin, 19713 Rowley, 19603 Grohne, 1957 ).

The zonation of pollen diagrams has been reconsidered, West (1970)
has stressed the need to distinguish clearly between the pollen
assenblage zone, defined as & body of strata characterised by a certain
asgemblage of fossils without regard to their rangess and the chronozone,
defined as a segnment of & rock sequence adopted as a standard unit of
chronostratigraphy with limits defined by such a method as radiocarbon
datings and the many other types of zone in use, Vest examined the
problem of correlation of these zones from different parts of an araé

such as the British lsles, with a strong regional variation in vegetation.

Existing schemes of zonation (e.g. Godwin, 1940) have come to
acquire inferred ecological, temporal and climatic connotations (Birks,
1973a). i’ollen zone boundaries have frequently been regarded as
synchronous stratigraphic horizons throughout their geographical extent,
and there has been & tendency to equate the pollen zones with lithological
units, even in the absence of evidence for such a correlation. Birks
concluded that the zones used in the description, discussion and comparison
of the data should be defined in a way that excludes any external
implications, Several recent Eritish pollen analyses have therefore been

described in terms of local pollen assemblage zones end regional pollen

assenblage zones rather than with reference to the Godwinien zones

(e.g. Hibbert, Switsur and West, 1971; H.H. Birks, 1970, 19723 H.J.B. Birks,
1973a; Moore, 1972).

The requirement that criteria for zonation be precisely formulated,
objective, and to & certain extent, standardised, has led to the use of

numerical methods for zonation of pollen diagrams, Kershaw (1970) used
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& chi-squared test of significance of differ'ence between neighbouring
sanples as an aid to the exact location of & horizon first generelly
located by inspection., Dale and Walker (1970) agglomerated levels using
information snalysis, choosing zones from the groups near the end of the
agglonerative procedure, They used no stratigraphic constraint on the
levels, so that the revertence in the pollen sequence meant that levels
gseparated by considerable distances vertically were often zoned together.
Cordon and Birks (1972) used stratigraphic constraint in testing
agglomerative and divisive procedures for zonation and such procedures
have been used for the comparison of poilen data (Gordon and Birks, 19744
Birks, 1974). In general the results from these numerical methods produce
the sare zonation as is achieved by caretul observation., They may be of
nost value where sequences of pollen spectra are too complica{:ed for

satisfactory visual zonation, as perhaps in tropical environments.

lloore (1973) computed diversity in the pollen spectra of a peat
profile of recent date from Wales. Ie found a general tendency for tolal
diversity to increase rapidly during human interterence stages and to fall
or renain steady during regeneration phases. Numerical analyses have also

been used for further evaluation of past vegetational data (Birks and

Deacon, 1973)0

The value of the many refinements in the interpretation of tasic
pollen data is restricted while this data is presented in a relative
tforn., The weaknesses of the percentage method have been higl';lighted by
many of the modern pollen rain studies (Davis, 19633 Janssen, 1966). In
1916 (in Davis, 1963 ) Hesselman suggested that numbers of pollen per unit
weight or volume of sediment would be of more value than percentages.
Erdtman and Erdtman (1933) calculated an absolute pollen frequency of the
total number of tbree pollen grains in 1 gm of dried peat. In the absence

of & measure of sedimentation rates this was not of great value and
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pollen data continued to be presented in terms of percentages. However,
Livingstone and kstes (1967) calculated absolute pollen frequency per
nicrolitre of wet lake sediment and produced an absolute diagram on the
assunption that deposition of lake sediment had been at a constant rate
since a date, obtained by radiocarbon assay, of sbout 9,000 B.P. The
introduction of the radiocarbon dating technigue enabled the calculation
of sedimentation rates and of absolute pollen frequency against time to

be nade,

Three main methods have been used to determine absolute pollen
frequencies, DBenninghoff (1962 ) added a measured volume of & suspension
of exotic pollen, of which the concentration was known, to a measured
volune of the sediment under study. After standard fossil pollen
preparation both tossil and exotic pollen were counted until a
satisfactorily large number of fossil pollen and spores had been achieved.
As a known quantity of exotic pollen was added to a known vdume of
sedipment, the amount of fossil pollen per unit sediment was equal tot

axb

C

where & = number of exotic grains added
b = number of fossil grains observed
¢ = number of exotic grains observed
This method has been tested by estimates of the quantity of Corylus avellana
pollen in a series of six homogenised gyttja samples (lMatthews, 1969).
None of the estimated concentrations of Corylus pollen in the samples

was found to be significantly different trom any other.

Davis (1965, 1966) suspended a known volume of the sanple to be
assayed in a measured quantity of liquid. Aliquots of the suspension
vere withdrawn for counting. The number of pollen grains in tRe-original

suspension was derived from the average number of grains found per aliquot.
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The error involved in measuring small aliquots was reduced by diluting
the samples with a volatile liquid to a size where aliquots could be
taken more accurately. After the aliquots had been measured they were

reduced in volume by evaporation to a practical size before counting.

Jorgensen (1967) estimated absolute pollen frequency per gram dry
veight by counting pollen in sediment samples of known dry weight. To
obtain pollen deposition rates from this last method sediment density
measurenents are necessary. This technique, however, avoids the
difficulties of volume measurenents of small samples, which is
necessary with the other methods., The advantages and disadvantages of

each method are discussed further below (see chapter 3).

Davis (1967) used her volume method to calculate pollen eccumulation
rates at Rogers Lake, Connecticut, during late- and Post-glacial time.
Pollen numbers per unit volume in 1 ml samples from the core were divided
by the number of years represented by each sample., This latter variable
wag deternined from twenty four radiocarbon dated levels within the core.
The total pollen deposition rate was found to rise steeply from
1,000/cm2/year 14,000 yeaxrs ago to 10,000/cm2/yea.r in later late)glaoial
time, reaching & maximum of 40,000/ cmz/year 9,000 years ago during the
'Pine zone' period., Then the deposition rate fell to between 20,000

and 25,000/ cmz/year, at which level it has stayed stable for the last

8,000 years.

The deposition rate diagram, when compared with the percentage

diagram, showed that general pollen deposition during Late-glacial times

was scarce and that very little tree pollen was deposited, a fact masked
by the percentage values. In the 'Pine zone' period a genuine peak of

Pinus pollen occurred, refuting an earlier assertion (Davis, 1963 ) that

high Pinus pollen percentages at this time resulted from low pollen
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production by the rest of the* vegetation., For most of the post-glacial
period deposition of sediment in Rogers lLake was at & uniform rate and
therefore the percentage diagram gave almost all the information about
changes in individual types contained in the deposition rate diagran,
The volume aliquot method has also been used in the study of vegetation

history from lake sediment in Manitoba (Ritchie, 1969).

Pennington and Bonny (1970) have produced an absolute pollen
diagran from the British Late-glacial, at Blelham Bog in the Lake

District. The, modfied, exotic pollen method of Benninghoff (1962)
(Bonny, 1972) was used in conjunction with a series of radiocarbon dates

to calculate annual pollen deposition per unit surface area of lake mud.

Results showed a sudden increase in total pollen deposition from very
low levels to about 4,000/ cmz/year between. 11,000 and 10,750 B.C, This .
was interpreted as marking climatic amelioration. Juniperus accounted
for most of this early increase, followed by an increase in the deposition
of Betula pollen, to give the classical Allerod period. They suggested
that climatic amelioration began in western Britain early in the eleventh
nilleniun B,C, and that between this time and the height of the Allerod
interstadial there was no general climatic recession of sufficient
anplitude to deflect the plant succession. Above this, in the Younger
Dryas period, total pollen deposition rates decreased markedly to about
1,000 = 2;000/ cm2/ year, There was & steep fall in the deposition rates
of Betula and Juniperus pollen, but an increase in the deposition of

Artenisia pollen. These flgures were taken as support for the generally

held belief in climatic deterioration at this time.

Further studies of absolute pollen deposition include, for example,

work in Post-glacial vegetational history in Alaska (Heusser, 1973),

Minnesota (Craig, 1972 ), and on detailed investigations of special
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features, such as the eln decline (Sims, 19733 Pennington, 1973 )e

This pioneer work in absolute pollen enalysis has already demonstrated
the potential of the method for throwing new light onto studies of past
vegetation, and in adding accuracy to the investigations. To eid the
interpretation of the absolute fossil pollen diasgrams absolute studies of
pmodern pollen rain are now being undertaken (e.g. Berglund, 19733 Davis,
Brubaker and Webb, 19733 Flenley, 1973). Detailed studies of the nature
of pollen influx and incorporation into lake sediments will also aid
interpretation of the fossil pollen diagrams. Variations in pollen
concentration in sediments in different parts of the same basin have bYeen.
denonstrated (Davis, Brubaker and Webb, 1973 ), &8 have the differences in
pollen influx between lakes of different morphometry (Pennington, Haworth,
Bonny and Lishman, 19723 Pennington, 1973). Peck (1973) has shown how
the character of the catchment area of a lake and the nature of drainage
into it, affects pollen influx, She attributed very high influx values
of pollen of Calluna and spores of Pteridium in a reservoir in the North
York YXoors to the flowering of these taxa at tﬁe time of the early winter
floods which therefore carried dispxrsportionately large amounts of the
pollen and spores of these two taxa into the basin., The importance of
streans in infreasing the pollen influx into lakes has been noted elsewhere

(e.g. Crowder and Cuddy, 1973).

The advances in the pollen analytic method have made it a more
accurate technique for the understanding of past vegetation. The
recognition of the need 1o consider factors of migration, soil development
etc. in interpretation of the results has made such interpretations more
valid, Radiocarbon dating and absolute pollen counting techniques have
enabled chanzes in vegetation against time to be t;aced more clearly and

in a more quantitative manner. Kore accurate identification of pollen
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types has allowed narrower ecological interpretations to be made., OSome
advances in the understanding of the relationship between fossil pollen
spectra and real vegetation, by modern pollen rain studies, has allowed
nore about communities and abundance of types in the vegetation to be
estimated, The recognition of human disturbance of communities, by the
distinction of pollen/gzi:op plants or of weed species has meant that

pollen analysis has developed as an archaeological tool.

Pollen analysis has been greatly refined but is still not an exact
method of tracing past piant commmities in a strictly quantitative
manner, ihe weaknesses s8till remaining in the method must be appreciated

if the advantages are to be fully exploited,

University
Library
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CHAPTER 2

HOLDERNESS

The Plain of Holderness (figure 2.1) may be taken to include all of
the land between the Yorkshire Wolds, the Humber Estuary, and the North
Sea, thus forming the south-eastern corner of Yorkshire, It is an area
of low, undulating relief. In the velley of the River Hull, which drains
the area southwards to the Humber, the land is generally below 10m O.D,
and only at Dimlington High Land, on the coast, does it rise above Z20m O,D,
The whole plain is composed of unconsolidated Quaternary deposits which
the sea erodes gt the exceptional rate of 1-2 metres a year (Reid, 1885 ),
At the southern end of the coast, guarding the mouth of the Humber estuary
is Spurn Head, a sand spit considered to have had a cyclical history of

growth and destruction (de Boer, 1963, 1964 ).

The clinate of the area is the relatively dry one typical of

eastern England, with annual rainfall generally below 650mm.

The freshwater lake of Hornsea Llei'e is the_ sole survivor of many
such meres and carrs, which formerly covered the undrained land. OSome
of these may have silted up quite naturally but most disappeared as &
result of drainage since medieval times (Slleppérd, 1956). Away from the
main towns of Hull, Beverley, and Driffield and the coastal resorts such
as Hornsea end Withernsea, this drained land supports chiefly arable
farming with very little planted woodland or waste ground where 'semi-

natural! vegetation night survive,

GEOLOGY

The Yorkshire Wolds, which border Holderness to both the north and

west, forn the northernmost part of the scarped chalk uplands which

extend almost continuously from the south of England to Flamborough Head.
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They rise in one place to 250m O,D. and are a direct continuation of
tte Lincolnshire Wolds, south of the Humber, In ch;'kshire the chalk is
in the forn of a shallow syncline plunging to the south-sest so that to
the west it forms a scarp running S.S.E. - N, N.W. overlooking the Vale
of York, btut northwards swings round to a W - E direction overlooking
the Vale of Pickering and terminating at Flamborough Hlead., The change
in slope along the foot of the Wolds, where the chalk dips beneath
Quaternary deposits, marks the Pleistocene Buried Cliff and makes a

distinct boundary between the Yorkshire Wolds and the f;lain of Holderness.

Holderness is & naturel region of Pleistocene deposition and its
geology has been tmuch studied. Wood and Rome (1868) made the first
thorough stratigraphical study and noted a tripartite division of the
boulder clays. Their sequence of Basement, Purple and Hessle clays has
forned the btasis of later work (e.g. Reid, 18853 Bisat, 1932)., The
description here largely follows the work of Catt and Penny (1966), 'They
recognised four principal divisions of the boulder clays and demonstrated

the importance of the Buried Cliff for the dating of Pleistocene events

in Holderness.

The Pleistocene Buried Cliff extends from Sewerby by way of

Driffield and Beverley, to Hessle on the north bank of the Humber estuary,

and 1% continues into Lincolnshire. The chalk platform, which stretches
away fron the cliff, slopes to the east at about 2 or 3m per kilometre,
and underlies Holderness, The Buried Cliff is concealeci by later deposits
but its course can be traced at the surface by a slight, but distinct,
change in slope. The best exposure of the Buried Clift is seen at Sawerby
where the modern cliff cuts across it. The exposure has been described
as having a deposit of bteach shingle on a wave-cut platforn of chalk, at

the foot of the Purled Cliff, Chalky rain wash covered by blown sand

overlies this and 1s banked against the cliff, Abvove this is a solifluction
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deposit of chalk rubble, overlain by a till which covers the top of the
Buried Cliff (Lanmplugh, 1891). This till is the Drab till (Catt and

Penny, 1966 ) .

The beach shingle contains vertebrate remains (Lamplugh, 1891),

which have been recently reinvestigated by Boylan (1967). The prés:.ence

anong these remains of the Straight-tusked Elephant (Palaeoloxodon

antiquus) and Hippopotamus (Hipropotamus amphibius), both of which are

indicators of warn conditions, showed that the fauna of the beach was
interglecial rather than interstadial. Also present were remains of
Hyaena (Crocuta crocuta) and Water Vole (Arvicola terrestris). Hyaena,
water Vole and Hippopotarmmus finds are common from known Ipswichian
interglacial deposits in England, but rare in or absent from deposits of
the Hoxnien interglacizl, From this and other faunal evidence, Boylan
(1967) concluded that the beach shingle dated from the.Ipswichian (last)
interglacial, If this is so then the Buried Cliff was also formed during
this interglacial and must have constituted the shoreline of the Eem
Sea (Catt and Penny, 1966). Any boulder clays that overlie the Buried
Cliff are therefore of Devensian age, and any found to lie belt;w the

beach deposits must belong to the Wolstonian, or ean earlier, glaciakion.

The boulder cleys are exposed in the cliffs along the Holderness
coast., The complete sequence can be seen in -the ¢liffs near Dimlington
where the succession was described by Catt and Penny (1966) as (from

the lowest upwards) Basement Till, Drab Till, Purple Till and Hessle Till.

The Basement Series which consisted mainly of the Basement Till was
considered to be the lowest of the Holderness succession, resting more
or '._less directly on the chalk.s This lies below the beach deposits of the
Buried Cliff and was considered to be pre-Ipswichian, The Basement Till
is a stiff, homogeneous, grey=-brown dboulder clay. It contains in places

a blue clay and a glauconitic sand, both holding & rich marine fauna

LY
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indicative of cold climatic conditions, which were termed 'Bridlington
Crag!. Catt and Penny (1966) envisaged two periods of erosion

agsociated with the Buried Cliff: planation of the chalk surface followed
by deposition of the Basement Seriesy then marine planation of the
Basenent Series during the Ipswichian interglacial and formation of the
Buried Cliff and beach deposits followed by a lowering of sea level amd
deposition of the blown sand and chalk rubble before the advance of the

Devensian ice.

In the modern cliffs at Dimlington fossiliferous silts and sands

(the Dimlington Silts) are exposed, lying on the surface of the Basement
T1{11 end below the Drab Till, These have been described and dated
(Penny, Coope, and Catt, 1969). The silts contain the remains of & moss

Pohlia wahlenbergii cf, var. glacialis, a calecifuge found in cold water
habitats such as neltwater frpm snow beds and glaciers, Two separate
radiocarbon dates on the moss gave values ofi-
18,500 + 400 years B.P. (I - 3372)

and 18,240 + 250 years B.P. (Birm - 108)
The silts were deposited, therefore, during the Upper Fleniglecial, which
is the period of maxirum Weichselian glaciation on the Furopean continent.
The Dimlington Silts also contain insect remainsg, chiefly Coleoptera.
These indicate that the silts were deposited in & pond with 1ittle aquatic
vegetation, surrounded by open expanses of sand and silt with a patchy

covering of moss. The fauna, of an impoverished Devensian type,

demonstrates that climatic conditions within Holderness at this time must

have been extremely severe,

The Drab Till is the lowest of the three upper tills of Holderness

(Catt and Penny, 1966); it is a dark chocolate-brown boulder clay. It

is exposed along most of the Holdermess coast and lies above the
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Dimlington silts and Sewerby Buried Cliff, Iis thickness varies from

6 to 12 or nore metres. The overlying Purple Till, dark reddish-brown
in colour, is less variable than the Drab., A 'Pennine and Trias! till,
it reaches its greatest thickness, of over 20m, at Dimlington, but is
of more restricted occurrence than the Drab, forming a lenticular mass
along the coast from Easington to liappleton., The uppermost till is the
Hessle Till, deep reddish-brown in colour and varying in thickness from
2 « 5 m. The Hessle Till may represent merely the weathered surface of
the underlying boulder clays rather than & distinct till itself
(Madgett, 1975)« Within and between these tills are local beds of sands
and gravels, Thelr lack of indigenous fossils suggests that they are

of en-glacial, rather than interstadlal or interglacial, origin.

The evidence for the lateral extent of these tills inland is fairly
scanty. The Hessle Till covers more or less the whole area, the Purple
Till seems to thin out westwards from the coast, and in much of the

inland area the Hessle Till lies directly on the Drab Till,

Within Holderness distinction has been made between the tills of
the eastern and western parts, the surface of the western part of the
plain having a much less pronounced relief than the 'Newer Drift!
topography of the eastern half, with its kettle holes., Charlesworth
(1929) considered that the end moraine of the 'Newer Drift'! ran down the
centre of Holderness along the line Kelk-Frodingham-Brandesburtonj and

Valentin (1957) placed the eastern part within the limit of the'last

glaciation, leaving the western part as pre-Weichselian (pre-Devensian).

The uppermost till on both sides of this line has been described as the
Hessle till (Catt and Penny, 1966) though, as above, this is now doubted.

However the difference in topography between eastern and western halves of

the plain may be due to flooding of the low-lying western part in post-
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glacial times, and erosion in the Hull valley. The limit of the 'Newer
Drift! has been placed at the Flamborough moraine and all of Holderness
considered to have an 'Older Drift' topography (Farrington and Mitchell,

1951), but since the Drab Till overlies the Buried Cliff and the Dimlington

Silts, the three top tills must be of Devensian Age.

The Drab, Purple and Hessle Tills, post-date the Dimlington Silts
and are older than the pre-Allerod deposits which lie above them - 2as at
Roos where the lowest organic deposits give a radiocarbon date of
13,045 + 270 B.P. (Birn = 317) (see chapter 4). They were deposited,
therefore, in Upper Pleniglacial times and within & period of only about
5,000 years, The short time period available for the deposition of
the tills supports the conclusion of Catt and Penny (1966) that they
were deposited from & composite ice sheet made up of superimposed tributary

glaciers from the Tees, Cheviot and other sources,

Several patches of sands and gravelis occur &t or near the surface
in Holderness but chiefly around Kelsey Hill in the south of the area,
end between Brandesburton and Hornsea., The Kelsey Hill gravels (Smith,
18213 Prestwich, 1861/ form & low ridge running N.N.E., - S.S5.W. for about
3 knm., and south of this spread out into a broader shallower deposit
underlying the villages of Thorngumbald, Ryhill and Keyingham, They are
a conplex of light yellowish-brown water-lain gravels with sand and
silt, often strongly current bedded., The ridge seems to be an esker and
naterial is thought to have been transported along its a.xis1 mainly in a
southerly direction (Catt and Penny, 1966), The gravels contain fossils

of 50 species of marine mollusca of mainly temperate type; and remains

of vertebrates which range climatically from Mammoth (Mammthus primigenius)
Reindeer (Ransifer tarandus)and Bison (Bison priscus) to the much more

thermophilous Straight-tusked elephant (Palaeoloxodon antiguuS) and
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Dicererhine Bhinocerus (Dicerorhinus hemitoechus) (Penny, 1963). Catt
and Penny (1966) concluded that, although the fauna was probably
Ipswichian to mid-Devensian in age, the gravels were deposited under
glacial conditions in a late stage of the Devensian glaciation. They
suggested that the advancing ice sheet picked up ‘the fossils from
deposits of the preceding interglacial, but noted the unusual deposition

of these fossils in Just one small area,

"~

Between Brandesburton and Hornsea is what Valentin (1957) regarded
as a sub-glacial valley. At Kelk and Brandesburton are gravel depositis
which Valentin described as eskers associated with an outwash fan at
Leven, further west. Sand and gravel deposits here have been termed ihe

tBrandesburton Keme' (Phemister, 1922),

Along the north bank of the Humber, and in the Hull valley the
clacial deposits are obscured by later deposits of alluvium or 'Warp!,
Luch of this was deposited naturally before medieval-times by estuarine
flooding of the low-lying areas, Within and below the warp are thin
deposits of peat, such as the 'submerged forest! along the shores of the
Humber (Reid, 1885), and the fen carr peats of the upper Hull valley, In
its natural state parts of this valley were flooded for much of the year,
and meres and carrs formed leaving extensive areas of thin peat cover
(Sheppard, 1956)., On the higher ground of eastern Holderness alluvial
and/or peaty deposits are found above the boulder clay at the sites of

former meres which occupied hollows in the irregular surface of the

drift (Sheppard, 1957) or kettle-holes as at Roos and New Ellérby.

The surface left after the retreat of the Devensian ice from
Holderness was therefore one of a fresh topography, largely covered by
stiff boulder clays with occasional patches of sands and gravels. It

was on this newly-formed, immature, and nutrient-rich substratum that
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Late= and Post-glacial colonisation by plants commenced.,

SOILS

The characteristics of the soils of Holderness are linked to the
nature of the underlying deposits. Soils developed on the uppermost
boulder clay occur in eastern Holderness and on.the eastern edge of the
Wolds., They .are imperfectly drained clay loams with a coarse prismatic
structure, and, in sub=-soil horizons, with deep-reaching fissures. The
soil is generally decalcified to a depth of about one metre. In the
ploughed layer all erratics except the most resistant have been weathered,
disagzregated and mixed with other soil material. Weathering has

resulted in the eluviation of clay particles etc. from the top layers to

lower horizons.

The warplands of the Hull valley and Humber banBs, as mentioned
above, were fornmed by flooding from the Humber, Since about 1750 the
process has been accelerated by the practice of warping, At flood tide
water carrying clay and silt in suspension was allowed through sluice
gates into an ;a.rea enclosed by banks, and then slowly drained off after

the rmud had been deposited. In suitable sites over 0.5m a year could

be added by this process.

Warp is a highly calcareous and micaceous fluviatile or alluvial
deposit which may be of a fine sandy or silty nature, but lacks coarse
sand (Heathcote, 1951). The texture is determined by the speed of
movenent of water from which the warp is deposited; the slower the water
movenent, the finer-iextured the warp will be, Many of the soils
formed on these warplands are still naturally calcareous but surface
horizons on older deposits are generally decalcified, Croundwater is

permanently close to the surface in many of them, but the better-drained

soils are very fertile,
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Strongly organic soils are found on the carr lands of the upper

Hull valley, north of Beverley. These low-lying solls are poorly

drained.

The gravel lends form isolated patches in Holderness, but there is
very little trUe gravel soil, Most of the gravel has loam 300 = 600 mm
deep over it, and is therefore a well-drained light soil., Some of the
gravel-capped hills have a loamy soil and some boulder clay hills carry
lightish soils. Reid (1885) suggested that this was due to rainwash
and wind deposition of fine-textured materisl, 1In general the soils of

Holderness have been little eroded because of the lack of relief.

Yuch of the eastern slope of the Wolds is covered with patches of
toulder clay arnd gravel and these form a well-drained, light or variable,

loamy soil which is easy to work (Heathcote, 1951),

VEGETATICN

Intensive cultivation of Holderness leaves little space for natural
or seni-natural vegetation. The rampant erosion of the east coast
precludes the development of coastal plant cormunities there, The sand
of Spurn Head supports dune communities, now being overrun by the spread

of Hippophae rhamnoides., In the slack water of the Humber estuary

behind Spurn Head salt marsh has developed, although much of this has

teen reclaimed for cultivation, FPlants that must have been associated
with the formerly extensive wetlands of Holderness were probably destroyed

by the drainage of these areas., Calemagrostis stricta, a rare mershland

grass, grows on the banks of the Leven canal and may have survived there

from pre-drainage days when it probably would have been much more common

in the damp carr lands of the Hull valley (Crackles, 1933, 1968).

The history of the vegetation of Holderness has been traced to some
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extent ty pollen analyses of peats at Skipsea (Godwin and Godwin, 1933 ),

Brandesburton (Clark and Godwin, 1956) and Faxfleet (Hulme and Beckett,

1973). The results of these analyses will be discussed below,

THE PRESENCE OF MAN

Post-glacial Holderness could hardly have been less attractive for
settlement by prehistoric man. In general he avoided the heavy clay
lands and the low-lying flooded carrs amd settled on the lighter, drier

soils of the adjacent Wolds. ,

Although Falaeolithic implements h;we been recorded from Holderness
(e.g. Elgee and Elgee, 1933) in places such as the Kelsey Hill gravels,
these implements are not very diagnostic and quite possibly derived., The
tirst settlers of whom we have certain knowledge were llesolithic people
with a Uaglémose culture. These were fishers and hunters living on raft-
like structures in shallow meres. Their implements, such as antler
harpoons, have been found in silt below peat at Skipsea (Godwin and
Godwin, 1933 ), on Hornsea toreshore (Clark and Godwin, 1956) and at
Ulrome., Bone harpoons of a later type have been discovered at
Brandesburton (Clark and Godwin, 1956), while Maglemose flints have been
unearthed at Skipsea (Armstrong, 1923). Around the Ulrome site (Smith, ‘
1911) bones of red deer, wolves,.boars, beavers and domestic animals
such as horses, pigs, goats, sheep and oxen have been found. The presence

of bones of domesticated animals suggests that these people raided the

flocks of their more advanced neighbours _(Sheppard, 1956 ),

These advanced neighbours were tiaé Neolzlfthic peoples, who had
gsettled on the Wolds by about 3,000 B,C, Their pastoral activities
probably kept them to the chalk lands but they may have made hunting
excursions into Holderness as flint exes have been found at several sites,

although these may be of a later date (Elgee ana Elgee, 1933), The
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discovery of & Neolithic lake dwelling at Ulrome (Smith, 1911)

demonstrated some settlement, if only seasonal, in Holderness at this

tire,

In early Bronze Age times Beaker people probably mingled with the
earlier Neolithic inhabitants of the Wolds to evolve the food vessel
culture, still largely dependent on flint implements, bronze being known
of, but rare. They were largely pastoralists and probably grew some
cereals, poséibly only entering Holderness for hunting or to obtain
oakwood for coffins (Elgee and Elgee, 1933), The region therefore
renained sparsely inhabited and less affected by man than the comparatively

densely-settled Wolds, apparently,

late Bronze=Age peoples, possibly related to the lake-dwellers of
Switzerland, settled in Holderness, They had bronze axes (Smith, 1911)
but seen to have preferredtthe gravel areas; finds have been made on the
gravel hills at Bilton, Sproatdey and Skirlaugh (Elgee and Elgee, 1933).

They probably grazed sheep end cattle and grew a small amount of cereals, |

Others of the settlers built lake-dwellings, Six of these have been
found, one of which 1s at Ulrome 0.6n above the Neolithic lake dwelling.
Pottery found here suggesis that the site was occupied until during the
Roman period (Smith, 1911). There were other Bronze Age lake-dwellings at
Barmston (Varley, 1968 ) and Gransmoor and there is evidence of still more
elsewhere (Smith, 1911). Almost all were in northern Holderness where
gravels are widespread and would have provided lighter soils, suitable

for cultivation (Sheppard, 1956). The finds of sewn boats, dated to
around 1,100 to 1,500 B.C. from North Ferriby (Wright and Churchill, 1965)
and the discovery of the wooden 'model'! artifact known as the Roos Images

in peaty land near to the Bog at Roos (Sheppard, 1912) point to some
Bronze Age activity in southern Holderness,
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Iron Age people of the La Tene culture settled on the Wolds in the
third century B.,C. but do not seem to have entered Holderness except for
a 1ittle trading with the Bronze Age people (Elgee and Elgee, 1933).

The Romans seem to have had an influence on the people of Holderne:?.s but
built no settlements except on the boundary of the region with the Wolds.

The Hull valley may well have been a considerable barrier to movement

(Sheppard’ 1956)0

The Germanic invaders of the fifth century A.D. settled on both the
clay and the chalk, They introduced the mouldboard plough, capable of
turning over heavier ground and so were able to spread out onto the clay
lands of Holderness from early settlements, such ag at Keyiﬁgham and
Ottringham. These Angles must have absorbed or driven away all earlier

gettlers.

Danish invaders of the ninth century began to settle and, needing
nore land, turned their attenticn to the marshy areas ignored by the
Angles, Sheppard (1956 ) noted that this ma‘.:rks the true beginning of man's
attempt to drain the marshland., She considered that the Danes probably
built some embankments along the Humber, though this is not certain,

They seen to have indirectly improved drainage in Holderness by cutting
boundary ditches between townships and, in at least one case, diverting

a strean to drive a water-mill,

Sheppard (1956, 1957) has made a detailed study of the meres in
existence in Holderness in medieval times, and of their drainage. The
gites of former meres were traced by various lines of evidence including
studies of relief, distribution of silt and peat deposits, flood-time
conditions temporarily recreating former meres, place names such as those
ending in 'mere', 'Mar!, or 'sea', and medievai documentary evidence.

These meres were easler to trace in the claylands of eastern Holderness,
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where the distinction between mere and surrounding land was clear, than
in the peatlands of the Hull valley where the separation between mere and
carr would rarely be distinct., Figure 2.4 is taken trom Sheppard (1956)

and shows the distribution of these meres in Holderness.

On the claylands Anglian and Danish ploughing and clearance may well
have provided material to accelerate the silting up of some meres before
1066. The Domesday Booiz described the area as closely settled with much
land already reclaimed and in use. Many smaller meres may have been
drained by the improving and scouring of streams, which began at this
time, The larger meres, such as Hornsea, Lambwath, Skipsea and Pidsea

were important fisheries and so were kept cleared of excessive weed

grDﬂtht

The peatlands of the Hull valley were probably still in a naturally
waterlogged state in 1066, Most of tl;e medieval drainage was an indirect
result of the activity of Monks, especially aréund Meaux Abbey, Vater-
courses were dug for navigational purpose%; and as boundary ditches, but
nust have indirectly aided the drainage. Between 1210 and 1220 A,D, for
example, the monks of lMeaux cut a new dike, to take water from Lambwath
Mere, to the east of the Hull valley, through their abbey grounds and
into the River Hull, to power water-mills and to act as a navigation
channel, By about 1400 A.D,, however, this channel was dry in the
summer months and lLambwath Mere had disappeared. Where the monks had
influence the peatlands must have become seasonally dry and so

provided peat, reeds, wildfowl and summer grazing for sheep, Away from

the Abbey the peatlands probably remained wet,

Much of the siltland of the lower Hull valley and north bank of
the Humber was reclaimed by the embanking of saltmarsh, and drainage,

between 1066 and 1300, In 1256 Spurn Head was probably breached near
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its northern end by the sea and the resulting stronger tides in the

Humber in the years following this caused some loss of previously
reclaimed lands, Because of this and perhaps also as a result of the
Black Death, little drainage was achieved in the succeeding centuries.
A decrease in the importance of freshwater fisheries also probably

meant that the larger meres were allowed to become overgrown with weeds.

In the seventeenth and eighteenth centuries most of the meres on
the drift were drained, often by merely deepening and widening of the
outflow streams. No details of the drainage of a mere a.re known but
by 1800 almost all meres on the claylands had disappeared, their demise
attracting little attention owing to thelr overgrown condition. Only two
meres survived through the nineteenth century, Hornsea llere and, possibly,
Burton Agnes Mere of which the exact position and history are not clear but

which seems to have been filled in about 1900,

Little drainage of the peatlands of the Hull valley was undertaken
between 1300 and 1760. Apart from the cutting of some north-south
channels to rreplace the east-west ones cut by the monks, and a little
private enterprise, much of the earlier drainage work fell into neglect.
After the establishment of the drainage authorities in 1760 the Hull
valley was at last.efficiently drained into the River Hull, and, via
the Holderness Drain, directly into the Humber, The ca.rrllands of
southern Holderness such as the Winestead, Keyingham and Roos Carrs
probably became wetter in the eighteenth century as silting and some
reclamation in the Humber estuary impeded drainage. Efficient drainage
of the Keyingham area and the reclamation of Sunk Island was largely

accomplished around 1800,
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CHAPTER 3
THE METHODS USED

The choice of site

To establish the regional vegetatibnal history of Holderne_ss several
criteria were considered in the choice of sites. Firstly, it was
necessary to analyse the pollen from at least two deposit sequences which
both covered the whole of the Late-glacial and Post-glacial period.,

These could be used as a basis against which to fit other, incomplete
sequences, To separate those effects of pollen deposition caused by
local site characteristics from those due to changes in the regional
vegetation, distinctly different sites were chosen. The choice of the
Bog, a probable kettle-hole, at Roos, and the much larger 0ld Mere at
Hornsea gave sites of different genesis, size and margin characteristics.
This enabled a picture of regional vegetational changes in and around

the meres of Holderness to be drawn up.

The position of the Bog at Roos in southern Holderness, and the
0l1d Mere at Hornsea in eastern central Holderness, meant that they,
together with the shorter time-span pollen profile from Gransmoor in
nox‘;th-western Holderness, and also the published pollen diagrams fron
Skipsea (Godwin and Godwin, 1933) in the north-east, Brandesbturton
(Clark and Godwin, 1956) in the centre of the region, and North Ferriby
(Vright end Churchill, 1965) and Faxfleet (Hulme and Beckett, 1973), on
‘the bank of the Humber estuary, gave a good spread of sites over the

area - and so could give a nmore valid regional picture of vegetational

his tory-

The Gransmoor Quarry site was chosen to give some information on
the north-western corner of Holderness, and hopefully to throw sone

light on the vegetational history of the calcareous Yorkshire Wolds,



el

close to this site. While this proved to be largely unsuccessful, the

site yielded information on rather different habitats to the other sites,

The existing Hornsea llere might have given a regional picture of
vegetational change up to the present day and therefore have been of
more value than the 01d Mere site in which pollen deposition ceased some
time ago. However, access to Hornsea lere was initially restricted, and

the uppermost horizons of the deposit have, in any case, probably been
somewhat disturbed.

Stratigraphic work

To trace the basim characteristics, and to find the most suitable
points for pollen analysis, a transect of borings was made across the
deposits of the two major sites, For most of this work a 'Russian'! peat
sampler-(Jowseyg 1966) was used, This gave half—metre length semi-
cylindrical cores. Less often, both a 'Thomas! type of peat borer, and
e 'Livingstone' piston sampler (Livingstone, 1955) were used. The
surface of the deposits was levelled at the Hornsea 0ld liere site. This
was unnecessary at the Bog, Roos, where the surface was either open

water or peat at a level very close to this water level. The resultis

of these investigations are shown in tigures 4,2 and 5.2, At Gransmoor

Quarry the stratigraphy was examined in a cleaned face at the pollen
gampling point,

The deposits were described according to the methods of Troels-

Smith (1955). The physical properties identified, classified on the

five-point scale, were as follows:-
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Nigror - the degree of darkness - gbbreviated as nig
Stratitficatio - the degree of stratification - | - do = strf
Elasticitas - the degree of elasticity - - do = eles
Siccitas - the degree of dryness - w 30 - sicc
Humositas - the degree of humicity . - ~ do - humo

The deposit componentis noted included the following:=

Turfa bryophytica « the basis of moss peat - symbol Tb
Turfa iignosa - the basis of wood peat - symbol Tl
Turfa herbacea - the basis of'herbaceous*peat - symbol Th
Detritus lignosﬁs - coarse woody detritus - symbol D1
Detritus herbosus = coarse herbaceous detritds - symbol Dh
Detritus granosus - fine detritus mud - symbol Dg
Lirus detrituosus =~ very fine lake mud . - symbol Ld
Argilla steatodes - olay (grains€0.002 m) - symbol As
Argilla granosa - silt (grains 0.002 - 0,06 mm) - gymbol Ag
Grana arenosa - fine sand (grains 0,06 - 0,6 mn) = symbol Ga

Grana saburralia - coarse sand (grains 0.6 - 2 mm) = symbol Gs
Grana glareosa - gravel ‘(grains 2 - 20 mm) - symbol Gg

Substantia humose - homogeneous humous substence - symbol Sh

During the stratigraphic investigations macroscopic finds, such as
leaves, seeds and mosSs remains were noted and identified where possible,

Bulk samples were removed from the cleaned face at Gransmoor Quarry for

a more detailed search for macroscopic remains.

The stratigraphic symbols used in the constructian of subsequent

diagrams do not necessarily correspond to those of Troels-Smith (1955).

Sanpling for pollen analysis

At Roos and Hornsea cores were removed for pollen analysis from near

to the cenire of the sites, where a full, deep stratigraphic sequence
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was represented. Cores were extracted from the deposits with a
'Russian' peat sampler, which gave undisturbed semi-cylindrical cores

of 0.5 n length and 40.0 mm diemeter., Alternate half-metre cores

were removed from separate, but immediately adjacent holes to avoid
vertical contamination from the head of the borer. Cores were taken to
the laboratory intact, kept in cold storage to prevent fungal growth or

excessive drying, and then sub-sampled for pollen analysis,

At Hornsea the deepest deposits could not be removed satisfactorily

in an undisturbed condition by hand-boring methods. These lowest

sediments were sampled with a 'Pilcon' piston sampler which extracted

0.5 m length cylindrical cores of 100 mm diameter,

From Gransmoor Quarry, where there was an exposed peat tace, samples

tor pollen analysis were removed directly from this cleaned tace and

placed into specimen tubes,

Sampling tor radiocarbon dating
Material was removed from the half-cylinder cores of the late-glacial
deposits at Roos. Other cores were extracted from these lowest deposits,

very closely (less than 1 m) adjacent to the cores used for pollen

analysis. For radiocarbon assay, sediment was taken from the same horizons,

stratigraphically aligned, of from two to four of these cores, including

the actual pollen-analysis cores,

At Hornsea, material for dating was téken from thé centre of one of

the 100 mm diameter cores used for pollen analysis. From Gransmoor

Quarry 20 mm thick slices of peat were removed from the exposed fece

imnmediately behind the pollen analysis samples,

Radiocarbon dating of samples from the Bog, Roos, and the 0ld Xere,

Hornsea, was carried out at the Department of Geology, Birmingham



el

University, while samples from Gransmoor Quarry were dated at the

Scottish Universities Research and Reactor centre, Fast Kilbride, Scotland.

LABORATORY METHODS

Absolute pollen analysis
The theory behind this technique, and the three basic methods

currently in use have been outlined above (chapter 1). These three
main methods are the 'exotic pollen' method (Benninghoft, 1962
llatthews, 19693 Waddington, 19693 Bonny, 1972), the !'volume aliquot!

technique \Davis, 1965, 1966), and the weight method (Jorgensen, 1967).

A very slightly modified weight method was used in this study.
This technique was considered most suitable because almost the only
measurerments that have to be made are of weight and can therefore be
made accurately on & balance. The 'volume aliquot! method entails the
measurement of precise volumes, which must make accuracy difticult to
achieve, and is also dependent on homogeneous mixing. The 'exotic
pollen' method introduces a turther possible source of error if the
added exotic pollen suspension is not homogeneous or thoroughly and

evenly mixed with the fossil preparation.,

The weight method yields results in numbers of pollen grains and
spores per gran dry welght., It is necessary, therefore, to carry out |
density measurements on the deposit *l;o convert this data into pollen
grains and spores per ml. Some such sediment volume measurement is
necessary in all of the techniques., The advantage of the weight method
is that these volume:. (and density) neasurenments can be taken more

accurately from larger segments of the deposit cores extracted from a

borer of known cross-sectional ares, Although the 'exotic pollen!
nethod has been considered quick and easy (Bonny, 1972) the weight

method was not found unduly time-consuming, Jorgensen (1967) considered



45

it safer to prepare just one sample at a time, but this was not found to

be necessarye.

Preparation of samples for pollen analysis
The preparation used was essentially the basic method with treatment

with caustic potash, Erdtman's acetolysis, and hydrofluoric acid where
necessary (Faegri and Iversen, 19643 West, 1968), To this was added

the weighings at several stages for the absolute pollen frequency
information., Throughout the preparation great care was needed in
decanting after each centrifugation, on transference to small tubes, etc,
to ensure the minimum possible loss of pollen, For example when the
hydrofluoric acid treatment was used each sample was always returned to

its original glass centrifuge tube to minimise loss.

The procedure was as follows (with centritugation atter washings,
etc, for ebout 4 minutes at 3000 r.p,m.).-...
Approximately 1 = 2 ml of sediment was removed from core or sample
tube and dried for 24 hours at 90°C (to remove weight anomalies

due to water content).

The dry weight of the sample was measured and noted.
The sample was boiled in 10% caustic potash for 5 to 10 minutes, or
until well broken up.

The sample van be sieved at this stage if necessary. Jin this case

it was rarely necessary, which was an advantage in avoiding a

potential cause of pollen loss. Any sieving done must be thorough.

The sample was washed in distilled water,
The sample was washed in 10% acetic acid,

The sample was washed in glacial acetic acid.

The sample was then subjected to Erdtman's acetolysis - 2,5 ml of a
fresh mixture of 9 parts acetic anhydride and 2 parts concentrated

sulphuric acid were added to the sample in its centrifuge tube,
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which was placed in a boiliné'water bath for 4 or 5 minutes. The
action was then stopped by the eddition of giacial acetic acid.
The sample was washed in 10% acetic acid,
The sample was washed in distilled water,
Vhere necegsary to remove silicates the followiné treatment was carried
out at this stage.
The sanple wa;s washed in 5% hydrochloric acid and transferred to
a nickel crucible. 40% hydrofluoric acid was added, and the
sample was boiled in a fume cupboard for a period of between 5
pninutes and an hour, dependiﬁg'onlthe nature of the sediment.
More hyd.roflnorié acid was added during this period when necessary.
At the end of this treatment the sample was added to hot 5%
hydrochloric acid in a polypropylene centrifuge tube, capped and
centrifuged,

The sample was washed in distilled water and returned to its

original gless centrifuge tube,

The sample was washed in 80% alcohol.

The sample was washed twice in absolute aleohol.

The sample was washed in a 50:50 mixture of absolute alcohol and
benzene.,

The sample was washed in benzene,

A small glass vial (3.5 ml), labelled and with a gless stirring rod,
was weighed, and the weight noted.

The sample was transferred completely in benzene, to this small vial
and centrifuged,

A 1ittle fresh benzene and silicone oil (viacosity 2000 centistokés)
was added.

The glass sgirring rod was replaced in the tube with the sample,

which was left overnight in a slightly warm oven to allow the
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benzene to evaporate,

After the benzene had completely evaporated the labelled vial and
stirring rod and sample in silicone o0il was weighed and the weight
noted. By subtracting the weight of the empty labelled tube and
stirring rod from this the weight of the prepared-sample and the
gilicone oil containing it was calculated and noted.

The sample was then thoroughly stirred,

Some of the stirred sample suspension was mounted onto (usually
four) microscope slides.

The labelled tube and stirring rod and remaining semple suspension
was then re-weighed, to give the weight of sediment suspension in
silicone oil mounted onto the microscope slides., This weight was
noted,

When a known weight of the sample suspenéion had been placed onto the

nicroscope slides any quantity of additional silicone oil (2000
centistokes viscosity) could be added and thoroughly mixed with
the sample suspension to aid mounting and dilute the suspension,
The sample was mounted on microscope slides under 40 x 22 mnm no'O
coverslips and sealed with nail varnish, When necessary further

slides could be made from weighed amounts of the prepared sample

suspension removed from the stored small tubes.

Counting procedure

Pollen identification and counting were carried out on a Zeiss
photomicroscope at a magnification of x 400, Where pollen was scarce,
as in the late-glacial clays, the slides were scanned for pollen and
spores at a magnification of x 160, each grain or spre being identified
at x 400, Pollen and spores were identified and recorded until, generally,
at least 300 arboreal pollen grains or a total of 500 'dry land' pollen

grains had been counted. Vhere one type was overwhelmingly abundant
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(e.g. Corylus or Ericaceae at Roos) much larger total pollen counts
were nade, In some of the late-glacial deposits, particularly at
Hornsea, pollen was very scarce, Some of the total pollen counts from
these deposits were very small - despite the fact that up to twelve
slides for each sample were examined for pollen and spores. The actual
nunbers of pollen and spores counted also varied somewhat as it is
essential to count an equal number of evenly-spaced traverses on each
of the slides, to give the absolute data, Jorgensen (1967) recommended
counting all pollen and spores on each slide prepared, but it was
considered as reliable to count a large and equal number (usually between
10 and 20) of evenly-spaced traverses on each slide. The area of each

gslide covered for pollen counting could therefore be calculated,

Numbers of pollen and spores of each taxon per gram dry weight of

sediment were calculated from the nmeasurements made by the following

formulat-

total weight of
total area of - sample in

no, of grains of x coverslips < silicone o0il z:l gram

taxon counted area of weight of sample ™ dry weight of
coverslips in silicone oil sediment used in
exanined placed on slides preparation

Calculation of pollen deposition cm2 ear

To convert the valuesof ﬁollen graing/gram.d:y*weight to pollen
grains deposited/cmz/year it was necessary to measure the sediment
density in grams dny*weight/cm3 of fresh sediment, and thus to obtain

& value for pollen numbers/cm’ of fresh sediment. Sedimentation rates

were then calculated and the results converted into pollen deposition/

cn®/year.

The density measurements could be made at the very start of the

preparation, by preparing & sample of measured volume, as has been
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done in the other absolute methods. Density measurements of larger
volunes of sediment were thought to be more accurate, Therefore the
density measurements from Roos and Hornsea were obtained by cutting
lengths of 30 or 50 mm from the half-cylinder cores taken with the
'Rugssian' peat sampler. Since the internal cross-sectional area of
the peat sampler was known (6.286 cm2) the volume of these cores could
be calculated ezsily. These volumes of sediment were taken from the
pollen &nalysis cores, where possible, and from beiween the levels
sempled for pollen analysis. These samples of known volume were then
dried for 24 hours at 90°C, and weighed. From the measurements* the

density of the sediment could be calculated,

For the Late-glacial deposits at Hornsea half-cylindrical slices
10 ma thick from the 100 mn diameter cores were treated in exactly the
sane way to obtain density values, although absolute values of pollen

deposition were not subsequently computed for these horizons.

From the Gransmoor Quarry site a monolith was removed from
jmmediately behind the 'pollen-sampled! face, Density measurements
were taken from this by measuring the dry weight of & known volume of
sediment., This volume was obtained by pushing an aluminium tube of 44 mm
internal diameter, 30 mm into the face of the monolith, cleaning any
excess off the end of the tube, and then drying and weighing the amount

(of volume 45.63 cm3) held in the tube, This last method did not seem

ideal, but yielded consistent results,

The density of the sediments from all of the sites was then

calculated and expressed ast-
grams dry weight / cn’ of fresh sediment
for a series of levels throughout the profiles, This measure of dry

veight over wet volume may not be a true measure of density, but is
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referred to as such for convenience., The pollen values in numbers/ gram

dry weight were then converted tos-

no. of pollen grains / cm3 of fresh sediment

The sedimentation rates for the late-glacial deposits at Roos, and
the deposits at Gransmoor, were calculated by reference to the
radiocarbon dates obtained from these profiles. The actual radiocarbdbon
dates, without regard to the stated errors, were apprlied to the mid-
points of the samples assayed., Sedimentation rates were then
calculated for the intervals between adjacent radiocarbon dates,
assuning that the rate was constant bvetween these two dates. By
dividing -the nunbexr of pollen grains/ 01::13 by the number of years taken
for 1 cn depth of deposit to accumulate, a value of numbers of pollen
grains d;posited/ cmz/radioca.rbon year could be calculated (see chapters

4, 5 and 6 for actual rates).

The calculation of actual se‘dimentation rates for the Flandrian
deposits at the Bog, Roos and the 0ld llere, Hornsea was impossible as
there was insufticient finance for radiocarbon dates from these
profiles. 4n approximate estimate ot sedimentation rates was calculated

’
by assigning assuced dates to certain pollen horizons in the deposits

(see chapters 4, 5 and 6).

Th“e per,centage'pollen diagrams (see below) were examine:.’l and the
levels of marked changes of pollen representation were assigned dates,
The pollen assemblage horizons chosen were ones which occur throughout
northern England, and the rest of the country, and which have been dated
elsevhere with a feir degree of synchroneity, Estimated dates could

therefore be applied with soxze confidence, The pollen horizons chosen,

end the dates attribuled to them, were as follows:
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Expansion of tree species of Betula - at Hornsea an estimate of 10,000 B.P.

&t Roos, actual radiocarbon date

Expansion of Coryvlus - 9,000 B.P.
Expansion of Alnus - 7,500 B.F.
End of decline of Ulmus - 5,000 B,P.

The actual depths to which these dates were applied are given in
the relevant site chapters (4 and 5), together with some discussion

of their validity.,

These estimated dates were then used in the same way as the
radiocarbon dates from the Late-glacial horizons at Roos to calculate
sedimentation rates, and ultinately pollen deposition rates in terms

of numbers of pollen grains deposited/ cmz/yea.r.

This whole technique is admittedly fer from satisfactory. Although
five radiocarbon dates were obtained for the Late-glacial deposits at
Roos, it is evident that a really reliable outline of pollen deposition

would require a greater number of closely-spaced dates.,

The estimates of pollen deposition for the Flandrian period, based
on estimated dates, can only give an approximate idea of the order of
absolute pollen numbers involved., The validity of some of the assumed
dates may be quesiioned. That for the expansion of Betula pollen of
tree species is from an actual radiocarbon date from Roos and therefore
acceptable, The estimate of the rounded-oft date of 10,000 B.P. for the
base of the Flandrian deposits at Hornsea may also be considered fairly
reliable., The Flandrian/Late-Weichselian boundary has been shown to

be quite synchronous at low altitudes, at about 10,300 B.P., right
across north western Rurope (Hibbert, owitsur, and West, 1971), and the

lowest levels of the Hornsea Flandrian deposits analysed probably lie
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just above this boundary.

The start of the expansion or rational limit of Corylus has been
dated close to 9,000 B.P. throughout the British Isles (Hibbert, Switsur
and West, 19713 Hibbert and Switsur, in the press; Smith and filcher,
1973), although the dates tor this phenomenon have shown a little
variation. The estimation of a date for the beginning of the

expansion, or rational limit, of Alnus is the most difficult, There

seens to have been a diachroneity of this expansion across Europe
covering about 1,500 years (Hibbert, Switsur and West, 1971). Dates
for this within the British Isles have normally lain between 7,500 and
6,700 B.,P. The radio-carbon date of 8,507 + 55 B.P. (SRR-230) from
Gransmoor Quarry lies not far below the Alnus pollen expansion, which
ray, therefore, have been fairly early in Holderness. For these

reasons & date of 7,500 B.P. was applied to the rational limit of

Alnus at the Roos and Hornsea sites, Because of the apparently rather

different behaviour of Alnus at these two sites and the consequent

uncertainty attached to this date further absolute pollen deposition

diegrams were produced with the Alnus expansion date omitted.

The date of 5,000 B.P. could be applied to the end of the decline
of Ulrus pollen at both Hornsea and Roos with a fair degree of
certeinty. The decline of Ulmus pollen was dated at Gransmoor to
5,099 + 50 B.F. (SRR~229) and throughout north western Europe the
proninent elm decline feature has been dated close to 5,000 B.P., and
ig the most synchronous of Flandrian vegetational changes (Hibbvert,
Switsur and West, 19713 Hibbert and Switsur, in the pressy Smith and

Pilcher, 1973 )e

Rounded=-off dates have been used in these estimates to emphasise

their approximate nature. It was realised that they could give no
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more than & rough idea of absolute pollen deposition. They may be of
some value in comparison of pollen deposition values between separate,
whole zones. The small number of estimated dates and thelr
aprroximate nature makes the identification of changes in absolute

pollen deposition within individual zones impossible, Their value in

the interpretation of a feature such as the elm decline is therefore

strictly limited. Although the tabsolute! data have been used in the
discussion of this phenomenon (chapter 9) they provide only indirect
evidence of what actually happened, However, in instances where the
values for one texon change abruptly while all other types do not
change, for example, even these approximate calculations of pollen
deposition will demonstrate a real change in the vegetation without

percentage constraints. It was therefore considered worthwhile to

attempt to construct these absolute pollen diagrams,

Constructinn of the pollen diagrams
Fron the data obtained both 'percentage' and 'absolute' pollen

diagrans were constructed. For the percentage diagrams the pollen sum

was, in most cases, total arboreal pollen i.e., tree species of Betula,

and Pinus, Quercus, Ulmus, Tilia, Alnus, Fraxinus, Fegus and Carpinus,

All other, non-erboreal, taxa were expressed as percentages of this

SULl,

For the Late-glacial percentage diagrams the pollen sum used was
total dry land pollen. This was used because of the general scarcity

of tree pollen types, and to demonstrate the nature of the vegetation

of this period more clearly,

For figure 6.3 from Gransmoor Quarry, the pollen sum used was total
arboreal pollen excluding Tilia - to remove the effect of the over=

abundance of this taxon on the other arboreal percentages, as occurs
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in figure 6.2,

The pollen sunm used ig indicated on each of the percentage pollen

diagrams °

Absolute pollen deposition rates were estimated by the method
outlined above, and the figures for the most abundant and/ or si@ificant
taxa were drawn up on the pollen diagrams with values for each taxon,

and total pollen deposition expressed as pollen grains deposited/ cmz/year.

Because the pollen deposition rates in the absolute pollen diagrams
tfor the Flandrian period were largely based on estimated dates the basic
absolute data in terms of grains/gm dry weight of sediment has also been

presented in diagrammatic form.,

Pollen identification

Pollen and spores were identified and counted, generally at a
x400 nmagnification, on a Zeiss automatic photomicroscope. Critical
identification was effected under oil immersion at x640 magnification.
Pollen and spore itypes were identified as narrowly as possible by
comparison with preparations of reference pollen, using a Wild comparison
eyepiece. Reference was also made to the 1;011911 identification key of

Faegri and Iversen (1964) and to Erdtman, Berglund and Praglowski (1961),
Hyde and Adams (1958), and Knox (1951).

Vhere identification was uncertain the limits of certainty were
defined bty the standard terms 'sin' and 'comp'!, (Benninghoff and Kapp,
1962 ) where

gsinm =« strong similarity to indic:a.ted taxon

comp = compares favourably with material from living representatives

of indicated taxon

In some cases several different taxa were jdentified together as
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one 'type! - e.g. Sparganium type, abbreviated on the pollen diagrams
to Sparganium T. The 'types' identified are listed below. Unless

otherwise stated they represent the 'types' of Erdtman, Berglund and

Praglowski (1961).

Aster T. Agter type - includes Aster, Bellisg, Erigeron and
Solidago

Matricaria T. Matricaria type (equals Anthemis type of Erdtman,
Berglund and Praglowski, 1961) - includes llatricaris,

Achillea, Anthemis, Chrysanthermum and Cotulsa,

Runex acet, T. Rumex acetosa type - includes Rumex acetosa, Rumex

acetosella, and Oxyria digyna
Spargenium T, Sparganium type - includes Sparganium and Typha
angustifolia,

Other abbreviations for taxa on the pollen diagrams are as follows:

Compositae Lig. = 1includes all types in the sub-family liguliflorae,
such as Taraxacum, Tussilagn, Crepis, Hieracium,

Leontodon and Sonchus.,

Filicales undiff, - undifferentiated Filicales spores

Plantaso lanc,. - PFPlantago lanceolata

Lyriophyllun -alt, - Myriophyllunm alterniflorun
Myriophyllum spic.- Myriophyllum spicatun
Myriophyllum vert. - Hyriophvllum verticillatunm

Tdentification of Betula nana -qu described in Chax;ter 1 the pollen
of the dwarf birch, Betula nana has been dis tinguished from that of the
tree species of Betula on several criteria, G:ualitatively, Betula nana
pollen has been distinguished from pollen of other Betula species by

its thinner exine, its more rounded and slightly smaller form, and

its less-pouting pores (Terasmae, 1951; Praglowski, 1962). It has
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also been separated from Betula pubescens and Betula tortuosa by
neasurczents of the ratio of grain diameter to pore depth (Walker,
19553 Birks, 1968). Mean ratios for reference material of these three
species gave values of between 7.3 and 7.93 for B.pubescens, 9.24 and
9.42 for B.tortunsaand bvetween 10,0 and 11,5 for Betula nana,

However, this statistical separation has been considered invalid for

fossil material treated with hydrofluoric acid {Pennington, 1970), as

were the lLate-glacial samples from Roos and Hornsea.

To establish whether statistical separation was possible or not,

fossil pollen was classified as either Betula nana or as 'tree'! species
of Betula on qualitative criteria, and measurements of the ratio of
grain diameter:pore depth were made, Frequency values of this ratio
were plotted for each, qualitatively identified taxon (figure 3.1). In
all, 41 pollen grains of Betula nana and 104 of 'tree' Betula were
measured. This graph (figure 3.1) shows that the two taxa are separable,
both qualitatively and quantitatively, despite hydrofluoric acid
treatment, but with a small amount of overlap between the two. The mean
ratios were found to be 7.6 for pollen of the iree species of Betula and
10,3 for that of Betula nana. This suggests that the '"tree'! Betula was
largely Betula pubescens. To aid further identificetion, therefore,
both quantitative and qualitative observations were made on doubtful

grains., Any Betula pollen which appeared to be intermediate between

the two types wes recorded as 'tree' Betula pollen, The Betula.nana

pollen values expressed are therefore probably minimum values.

Preparation for macroscopic analysis
Some bulk samples from Gransmoor Quarry were prepared for a search

for macroscopic remains. Samples were placed in 1055 nitric acid and

left in a fume cupboard for 24 hours, and occasionally stirred to aid
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the treak up of the material. The samples were then sieved and the

residue examined.,

INTERPRETIVE HETHODS
Zonation of pollen diapranms
Sonething of the theory behind zonation has been outlined above

(chapter 1 )e The percentage pollen diagrams from Roos, Hornsea and
Cransmoor were each zoned quite independently into local pollen
assenblage zones (sensu West, 1970), purely on the basis of the
percentage assenblages of fossil pollen present at that site alone.
These zores were numbered from the base of the deposits upwards, and

each zone was prefixed by an abbtreviation of the site name, as follows:-

The Bog, Roos RB
The 014 llere, Hornsea HO
Gransnoor Quarry GQ

The basal pollen assemblages at the sites were all named (site
pretix) 1., however different they might be in pollen content, age,
etc., and written as RBlli’ HOill’ and GQlll These zones established

for the percentage diagrans were then applied directly to the absolute

pollen diegrans to aid comparison,

These local pollen assemblage zones from the various sites were then
correlated, and broadly similar zones were grouped into regional pollen
assenblage zones for Holderness, The regional pollen assemblage zones
were nazed after the iwo or three most characteristic pollen types present
in then, and prefixed by the abtreviated name - HLD, Thus, for example,
the local pollen assenblage zones RB.6, H0.6 and GQ,2 all represent the
regional pollen assemblage zone HLD, Alnus/Ulmus, For each regional

pollen assenblage zone & iype locality was selected, and the limits of

the zone defined.
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This procedure largely follows that of H.H. Birks (1972)., However
in this study a regional neme (HLD) has been used for the regional

rollen assenblage zones, as it was felt that such & regional zone must

apply to a defined region,

zonation is not overemphasised in this study., It is regarded
sinply as an aid to the understanding and comparison of pollen diagpamé,
not the be all and end all of pollen analysis. In the subsequent
discussion of the results the traditional 'Godwinian' zones are referred
to as they were utilised at many of the other sites brought into the
discussions As & result, the relation of these zones, and of the Poste
glacial divisions of Blytt and Sernander (Sermander, 1908) to the
regional pollen assemblage 2zones for Holderness is briefly discussed to
aid the comparison of results, Any attempt at a precise correlation

is avoided.

Form of presentation of results and discussion
Data from each of the three sites is presented separately in section

II, The results from each site are discussed in these chapters without
retercnce to other sites, mainly to separate the local vegetational

sejuences at the individual sites ftrom the regional pattern of vegetational

history.

In section 11l the discussion is split into three chapters, each
covering a different time period, namely Late-glacial, early Flandrian
end late Flandrian. For each period the regional pattern of vegetational
history is established for Holderness by comparison of the sites
investigated, together with other published information., These sequences
for Holderness are then conpared with other data from north-eastern
Fngland, largely fron the lowlend area east of the Pennines, between

Lircolnshire and the Scottish border., Finally, features of special note

are discussed in a wider context,
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SECTION II

THE SITES IRVESTIGATED




INTRODUCTION

The Bog lies at Grid reference TA.273288, 1% miles (2km) south
west of the village of Roos and 4 miles (6 xm) inland from the coastal
town of Withernsea in southern Holderness. It is a hollow in the
Devensian tills, slightly isolated from the surrounding Halsham Carrs,
Roos Carrs and Deep Carr by & rim of higher ground (figure 4.1). The
valley and the carrs are an extensive area of rather peaty land lying
generally below 3 m O.D., Drainage work on Roos Carrs in the last
century revealed a wooden artifact, probably of the Bronze Age, of figures

in a boat, known as the Roos Images, from a ditch just to the north of

the Bog (Sheppard, 1912).

The Bog is an approxirately oval basin about 220 m along its
longest axis, from north-west to south-east and about 120 m across its
widest point. It is almost completely surrounded by a rim of highef
ground of tetween 8 and 15 m O,D, The basin contains up to 1ll.5 m of
infilling deposits of peats, organic muds and clays, The sides slope
fairly steeply so that much of the hollow has a depth of over 6 m, This
feature has been described as a basin excavated by moving ice (Valentin,
1957). However, its considerable depth is strong evidence for an origin
as a kettle-hole formed during the retreat of the Devensian Ice. The
feature night represent a pingo, the rim of higher ground being the
trampart! of such & feature. Pingos rarely occur singly (Watson, 1972)
but then neither do kettle-holes., The distinction between the landforms
resulting fron these itwo modes of origin is, in any case, not totally

clear.,

Before 1968 the Bu.rface Of the Bog was comparatively dnr’ being

drained bty a series of ditches, via an outflow pipe to the north, and
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PIATE I Aerial view of the Bog, Roos






PLATE II Surface of the Bog, Roos
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eventually into the Keyingham Drain. This surface supported numerous
Betula pubescens, a few Quercus robur trees and a patch of planted Larix
sp. with a damp woodland flora. Some pools on the Biag's surface

contained Lemma minor, Mentha aquatica and Typha latifolia besides other

specles (Crackles, personal communication). The basin was then
deliberatély flooded to provide water for irrigation. It is now completely
waterlogged, with a depth of up to 1 m of water in places. Only in the
centre does the peat surface lie at, or slightly above water level, There
is no natural inflow or outflow stream, but still some drainage of water
through the outflow pipe, keeping the water level more or less cor&:ant.

The flooding has killed the trees, and Salix is now vigorously colonising
the waterlogged area, Fhragmites communis, uncommon here in 1967, now

forns an extensive patch near the centre, and Typha latifolia and-

Sparganium erec tum flourish,

STRATIGRAPHY
A transect of borings across its longest axis (figure 4.2) shows
the basin to be fairly steep-sided and flat-bottomed and to contain a

series of deposit types,

At the base are two layers of clay separated by an organic layer.
A thinner organic band occurs in places within the lower clay. Both cleys
are pinkish-grey in colour and contain little plant matter. The lower

clay which is often gravelly at its base, does however contain fragments

of the moss lLeptodictyum sp. The upper clay includes patches of -the moss

Fontinalis antipyretica,

Separating the two clays 1s an organic layer, generally 0.15 - 0.30 m
thick, of a fine detritus mud, dark in colour and well humified, with very
1ittle recognisable macroscopic plant material, A similar detritus mud

occurs in the thin organic layer sometimes found within the lower clay.
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Above the uppermost clay is a thick layer of dark, humified detritus
mud, similar to that between the clays. Few macroscopic plant remains
are present but some leaves of Quercus robur, Betula pubescens and Salix sp.

are preserved, and occasional seeds of Menyanthes trifoliata occur,

At the edges of the basin, above this detritus mud, are lenses of
up to one metre in thickness, of a reddish, poorly humified peat with
quantities of wood fragmenis, particularly of Alnus. Above this peat, and
lying on the detrlitus rd in the centre of the basin, is a moderately

hunified, rather coarser detritus mud, containing leaves of aquatic

species of Sphagnum,

Over most of the site the top two metres of the deposits is
represented by & comparatively unhumified peat with plentiful Sphagnum |
leaves, Menyanthes trifollata seeds and rootlets of Ericales, notably
Calluna vulgaris, as well as occasional patches of the moss Polytrichum
sp, and & few fragmenis of Betula wood. In places the surface deposit
is of a more woody peat, with chiefly Betula twigs., There is 8lso a

patch of Phrasgmites peat immediately below the area colonised by this

pl&nt e

The sequence of the deposits is shown by the stratigraphy of borehole
T, fron wvhich a core was removed for pollen analysis and radiocarbon
dating. This is as follows:-
0 - 0,40 m Humified woody peat with Betula twigs nig 2, strf O,

elas 1, sicc 2, humo 3, T1 3, Th 1, Tb +.

0,40 =« 2,0 Less humified peat with plentiful S hap'num; Menyanthes
trifoliata seeds, Ericales rootlets, and Polytrichum
sp. (particularly at around 1.60 m), nig 2, strf O,

elas 1, sicc 2, humo 2, Tp 2y Th 1,
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POLLEN ANALYSIS
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Humified coarse detritus mud, with Sphagnum leaves,

nig 2, strf 0, elas 1, sicc 2, humo 3., Dg 4.

This grades into -

Fine detritus mud, dark brown in colour. Well humified
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