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The main aim oif the project, of which the evidence included
in this thesis forms a part, is to investigate the Quaternary history
of +the coastal fringes of the Biarritz area of South West Irance, by
examining the stratigraphic and biological evidence contained within
local deposits dating from the period. It is hoped that such a study
will provide a context and a basis l'or further research into the geo-
morphology, phytogeography and prehistory of the area. This thesis is
an account of some of the data so far obtained, together with a

discussion of some ol their implications.

Iive main techniques have been used :-
i). the examination and recording of stratigraphical data,
ii). the analysis oif the pollen, spore and macroscopic plant content
of organic deposits,
iii). the recording of geomorphological evidence,
iv). the systematic description of the pollen morphology of various
taxa of particular biogeographic interest ( notably Vest European

members of the families Ericaceae, Firolaceae, llonotropaceae and

Emnetraceaa).
v). the observation and simple description of plant communities in

the west-central [Iyrenees.

A brief discussion of each technigue follows :-

i). At one site, Le lloura, most of the stratigraphical data were



obtained by means of borings carried out with a Hiller peat sampler,or
a recent modification of the Hiller (Appendix I). Elsewhere, all the
stratigraphical evidence has been obtained by digging, cleaning and
describing vertical sections, many of them on the sea cliffs and
foreshore. In most cases, the iield notes taken on the spot at the

time of doing the work form the basis for the descriptions and diagrams
included in the present text, though use of the modified Hiller during
later stages in the -roject has made it possible to del'er detailed

stratigraphical description until the return to the laboratory.

ii). Pollen samples were taken in the field either from cleaned peat
and mud faces or from the chamber of the borer used, care being taken
to reduce and wherever poscible eliminate any chance of contamination
during sampling. Pollen =amples were kept in sealed glass tubes uctil
used. With the modified borer, it was possible to bring cores back to
the laboratory and take pollen samples irom them there. Bulk samples
for macroscopic examination were almost always kept in polythene bags,
although where one of the main aims was to obtain ost-glacial radio-

carbon samples from peat, biscuit tins were used.

For purely organic sam les, the simplest preparation technique
was used, involving merely boiling in 10 percent caustic soda, washing
and centrifuging twice , staining and mounting in glycerine. This
preparation has been preferred because it makes porsible the detection
of contaminating pollen from atmospheric sources. This is an important

point since the preperations have had to be completed in three diff'erent
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laboratories, only one of which, in Faris, was used exclusively for
pollen-analytical work, and since the pollen content of the samples
was, ior the most part, rather less predictable than is the case with
similar work in Britain. Samples containing any appreciable amount of
<ilica were treated with hydrofluoric scid also. Tn Biarritz and
Leicester, the samples were boiled for three to five minutes in acid,
in Paris, where no fume cupboard was available, they were left in
unheated acid for 12 to 48 hours. Material retained by a fine mesh
sieve (c. <2mm.) in the early stages of' each creparation wa: saved and
examined for its macroscopic plant content. The bulk samples were
usually broken up in nitric acid shough 4ccasionally caustic soda has

been used.

The eritical identification of all the pollen types recorded
has irejuently posed problems, especially in Bisrritz and Leicester, where
the work has been done without a pollen herbarium at hand. It has thus

not always been possible to pursue identification %o the full limits.

iii). No attempt has been made to do more than outline aspects of the
geomorphology of the area. llost of the reatures referred to have been
plotted irom map evidence and analysis and confirmed for selected but
widespread points in the field, by simple observation. The restibts form

no more than an introduction to the main part of the work.

iv)e The families listed were chosen Ior pollen analytical study in

view of the number of species contained within the group (mainly in

Ericaceae) possessing problematical disjunct West Luropean cistributions



usually including nesrby localities (ie. the so-called 'Lusitanian'
species). lioreover, pollen of the group has been abundently recorded in
the sub-fossil analyses irom the area. These factors pointed to the need
for s close examination oi' the pollen t&pes representative of' all the
West European species within these related families. Details of this

aspect of the work are given in Oldfield (1959).

v). Reletively little literature is available on the plant communities
of the western high Fyrenees. It was found necessary, in trying to
interpret some of the analyses ccnsidered below, 0 refer to the
Pyrenean vegetation communities at high altitudes. Zxamination of these
was coupled with the taking of moss polster samples of living Sphagnum
in order to relate these communities to their present day pollen rain.

The results are given in Chapters III and IV below.

D
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CHAPTER II. The goastal fringes of the Lrench Iays Basgue.

(i). The situation of the area. (Fig. 1).

The present study is concerned with deposits along and near
to the coast of the irench 'Pays Basque', within a triangular piece of
land west ol the river liive, south of Biarritz and Bayonne, and north
of the river Ouhabia (Fig.2). This area lies in the corner of the Bay
of Biscay, none of it rises above 90 m. (c. 300') and none of it is more

than 10 km. (c. 6 miles) from the sea.

To the north, across the Adour, the land level falls to the
plain country of the 'Landes' with its triple division of recent,high
and partly active coastal sand dunes,extensive marshy flats and lagoons
and higher sandy inland areas based on the 'Sables des Landes', late-

Tleistocene deposits tentatively dated to the last glaciation (Enjalbert1950,

South of the Ouhabia and east of the Nive, the land level
rises gradually to the western foothills of the Iyrenees, the high hills
coming closest to the area just to the south in the shape of La Rhune,
an isolated 3,000' high massif which completely dominates many of the
local views. A little further south, near Hendaye, land over 2,000'
slmost reaches the coast and away from the narrow coastal strip, the

routes into Spain become increasingly mountainous from west %0 east.

i
Sea-wards,there is little or no development of e coninfental

shelf. The 50 m. submarine contour lies everywhere within 5 miles of
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the coast, the 200 m. contour within e¢. 15. In this respect, the area

contrasts sharply with the south western fringes of Britain.

(ii). Local geology, drainage and denudation chronology.

The bedrock within the arsa discussed is virtually all of
Kocene limestone (Daguin 1949) and limestone marls, though earlier
sedimentary rocks crop out along the foreshore and are exposed at low
tide (Jacquot 1864). The only extensive outcrops of any sold rock are
along the coast, between the promenade du Cote des Dasques in Diarritz
and the mouth of' the Uuhabia, whilst almost everywhere else in the area
the solid rock is covered by more recent superficial ceposits of late
Tertiary or Quaternary age, the latter forming the subject of the present

study.

South of' the Fointe de Biarritz, a ru ged projection into the
sea, the result of resistent Uligocene rocks trending at right anges to
the normal wave attack, the coastline is fairly straight and more or less
continues the line of the 'cordon littoral' of the Landes. The Uuhabia
is the only stream of any size reaching the sea along this siretch and
none of the other coastal valleys extend back more than 2% km. inland.

In consequence, much of the area drains east to the Nive or north to the
Adour via the Huisseau de l'Aritxague, as does the valley in which one

of the principal sites to be discussed, Le loura, lies. Many of the minpr
valleys reaching the coast between Biarritz and the Ouhabia carry no
permanent stresms end are partly choked with sediments which can be .
clearly scen from the beach in section in the cliffs, as by the Villa

larbella, the site of other investigations.
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The cliff sections along the coast show that in certain
places, the bed rock of Locene limestone has been dissected by deep
valleys trending normal to the coast and going below present day sea
level. Cne such valley, reaching the coast between the mouth of the
Cuhabia and the coast opposite the Villa Chailla (Fig.2), is partly
filled in by the oldest post-Oligocene sediments in the area, late-
“ertiary (liocene-Fliocene) torrent gravels probably contemporaneous
with a late stage in the uplift of the western l'yrenees and resulting
from their denudation. At Bidart, the summit of these deposits is
truncated at c. 75 m. to form a Level steep sided plateau which continues
at approximately the same level north and east away irom the limits
of the gravel filled channel. Throughout the area, there is a sharply
dissectcd summit -lain at between 75 and 85 m. of which this forms the
most south-westerly part. No hills rise above this level and it is
remarkably u.iform in height. Deler (1932) has drawn attention to it and

congiders it to be a dissected platform of marine origin.

Below this platform, on the eastern edge of the area, river
terraces ifringe the present floodplain of the Nive, forming flat-topped
spurs at c.40m. above sea level. Further north, and forming much of the
site of Bayonne, between the Nive, the Adour and the Ruisseau de 1'

Aritxague, s low stee; sided terrace at c. 20m. can be seen.

More recent phases in the local morphological cevelopment can
be traced irom the coastal area around louligna (Oldfield 1960 b). Post-

rlacial ‘leposits were here found lying in a valley cut partly into



Fleistocene _eposits of unknown age. The post-glacial sediments
themselves were being eroded b, the sea. They point to a phase of
infilling during post-glacial times, probably culminating with the
Local maximum of sea- level, preceeded by downcutting and erosion and
followed by a per.od of rapid coastal recession which still continues

at the present day.

The above geomorphological evidence, in so rar as it can be
co-ordinated at this =tage into & local scheme of denudation chronology
may be suummerised as Iollows :=-

Downcutting below present day sea level (Lete Tertiary),
Deposition of torrent gravels (Late Tertiary),
Flanation,probably marine, at 75 - 85 m.,
Dowmeutting to unknown levels,
Pormation of the LOm. river terrace on fthe live,
Downeutting,
Formation of the 20 m. terrace at Bayonne, @
R A 3N
Downcutting to below present day sea level ( ? last glaciation).

fost-glacial coastal a;cradation at Mouligna,

Hecent coastal erosion, cliff formation and recession.

@. These heights are quite close to those recorded by Fassemard (1924),
although in adiition, he records an intermediate terrace level at 26-
3L ﬁm. which he finds at one point only, near llaignon,c.3km. south of

Bayonne.
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(iii). Loeal Climate.

Table 1 summarises some of the available climatological data
for the area and its surroundings. The average temperature for the cold-
est month is =ome L4°7. above the threshold of vegetative growth. The
ample rainfall is evenly distributed throughout the year, between a third
and a half of the days being rain days and the average monthly cloud cover
seldom falling below 50 percent. Fhilst October is one of the wettest
months, it is also oné of' the sunnier, has the second lowest relative
hunidity coef'ficient and is warmer than May. This prolongation of
late summer is characteristic of extremely oceanic climates and the
winter in the Fays Basque is very short, with snow never lying on the
coastal parts of the area for a full day at a time (Gaussen 1941).
Gaussen also stresses the importance of the wind along the coast, which
can be an extremely stormy one with the beaches changing in height and
aspect strikingly from day to day, sven in summer and early autumm. At
most times, the prevailing westerly winds bear a rapid succession of
weather types inland, often bringing moisture laden and potentially
unstable air into contact with the western edge of the Pyrenees, the
situation usually resulting in high winds, thunderstorms and heavy

showers.

(iv). Flora and Vegetation. (qg.w. Allorge et alia, 1941).

The dominant characteristics of the flora and vegetation of
the Pays Basque are the overall wéstern, Atlantic afiinities. The liost

widespread loczl plant community, the 'touya' is a type of heathland



TABLE 2. The characteristic gpecies of the Atlantic siliceous heath

communities of La Rhune,irench Pays Basque.Jovet (1941),p.70C.

—t

EEaAppRDUWN=SENRNSENNDONO

Pteridium aguilinum

Agrostis setacea

Avena sulvata

Arrhenathrum thorei

banthonium decumbens

Nardus stricta

Carex bineivis

Asphodelus albus var.pyrenaicus(Jord)R.

Asphodelus albus var.sphaerocarpus GG.

Allium ericetorum

Simethis planifolia

Scilla verna

Narecissus bulbocodium

Crocus nudiflorus

Romulea bulbocodium

Euphorbia angulata

Viole canina ssp.lactea Sm.

Ulex nanus

Ulex europaeus

Ulex gallii

Serothamnus scoparius

-Lathyrus montanus v.angustifolius Rouy,

Polygala serpyllifolia

Carum verticellatum

Laserpitium pruthenicum ssp.
duif'ourianum Rouy et Camus

Jaboecia cantabrica

Erica tetralix

Erica eiliaris

Calluna vulgaris

Erica cinerea

Lrica vagans 1

Lithospermum diffusum

Veronica ofiicinalis v.minor GG.

Prunella hastifolia

Galium hereynicum

Galium verum

Jasione perennis

Cirsium tuberosum ssp.filipendulum Lange3

Serratula seoanei 4

o

FFE~INWVMD O OO N OV = D =

Numbers record f:.equency of occurrence for 10 localities.
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which, especially necar the coast, contains many Atlantic and eu-Atlantic

species, e.g. Ulex nanus, gallii and europaeus, as well as some of the

Lustianian species, Erica vagans, Daboecia etc., which the Fays Basque

shares with other areas to the west and north west along the shores of
the Atlantic. The touya is not a natural plant community but is preserved
artificially, of'ten by quite a rigid system of exploitation and it
usually contains species which the I'rench phytosociologists consider

indicative of former woodland cover, e.g. Euphorbia amypdaloides,

and Teucrium scorodonia. Stands of semi-natural woodland are rsre in

the small area delimifted above, but in the surrounding countryside,

more are to be focund. At low levels, Quercus robur forms the dominant

woodland species, associated with I'raxinus excelsior in damper and
richer situations and with @. toza, whose extent has been much reduced
recently by fungal attack and exploitation, on the drier, poorer acidic

soils. Quercus petraea does not grow in the area and . robur is found

—

locally on very acidic soils. The former role of 9. suber and Finus
pivaster in the local woodland is hard to determine since both species
are subject to planting and exploitation in and around the area.

gusrcus pubescens, finus sylvestris and Abies alba only reach the

eastern-most sdges ol the Fays Basque, the first onl base rich soils,
the second in the dfiest situations and the last at relatively high
altitudes. Uther native iforest trees tend to be restricted to the rich
woodland and scrub communities of the local ravines (Table 14), save

Tor Alnus glutinosa which is limited to moist =oils and seldom rises

above 600 m. and Pagus sylvatica which seldom descends below 4-600 m.,




TABLE 3. Mediterranean species growing on the Atlantic slopes of

of the Spanish Fays Basque. Allorge (1941b),p.53.

i)e Species faithful to the association Quercetum Ilicis galloprovin-

cialis, (9 species out of a total 16).

Ouercus ilex

Puscus aculeatus

Phillyrea media

Rosa sempervirens

Viburnum tinus

Stachys officinalis

Asplenium adisntum-nigrum ssp.
Calamintha adscendens
Yoehringia trinervia

Luznla forsteri

ii). Species characteristic of the elliance Quercion Ilicis.

O

nonteris

(3 species out of a total 12).

Smilax aspera
Pistacla terebenthinus
Fuphorbia characias

iii). Species characteristic of the order Quercetalia, ( 5 out of 7).

- > = . 7

Rubia peregrina
Thamnus alaternus
ristaclia lentiscus
FATllyrea angustifolia
Depnne gnidiom

= o o o D o i -

- &lthough included in this group with the other 4 species (all
evergreen shrubs),this species is south-European rather than
truly liediterranean.

20



the usuzal level at which the transition from oak to beech woods takes

place on the western edge of the Fyrenees.

As well as the oceanic and Lusitanian elements in the flora,
the surrounding area contains scattered localities for a number of
Medterranean species, reaching here the western limits of their
Buropean range. Allorge (1941 b) and Du Pont (1955) refer to these
species, and the main ones are listed in table 3. There are also

species of tropical affinities, Frunus lusitanica and the ferns,

Noodwardia radicans and Gymnogramma totta. Recently, the area has

received many introduced exotic species some of which have spread
sub-spontaneously and become quite conspicuous in the local landscape,

e.g. Robinia pseudo-acacia.

2\
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CHAPTER III. LE LOURA. Stratiﬁraghical and Pollan-analxﬁical evidence.

i).Physical setting and present day aspecte

From a brief survey of the coastal sections south of Biarritz it
appeared that some at least of them were probably Interglacial or Inter—
stadial in age. In order to distinguish these deposits from the Fost-
glacial sediments in the area, it was necessary to produce a reliable
local post-glacial diagram. Dubois' reported pollen analyses (1938),
were not adequate, aund moreover, as subsequent data will show, they are
themselves certainly not post-glacial.

For this purpose, a site known as Le loura was chosen,(Fig.2), a
valley bog lying c.40 m. above sea-level and only 25 km. from the coast.

Despite this short distance, the outflow from Le Moura is eastwards and
then north via the Ruisseau de l'Aritxague to the Adour, a tetal distance
from the bog to the sea of some 13 kme Only a low col reaching 49 m.
separates Le lMoura from the Lac de louriscot to the west and sea-wardse.
The water level of the latter is at 13.5m. and it drains directly to the
sea, at Ilbarritz. Both basins lie within what is, but for this low
divide and other minor constrictions a continuous through valley from the
coast to the Adour immediately northwest of Bayonne. The divide and the
other constrictions in the valley are composed at the surface of sandy
deposits. The one natural tributary of the westerly flowing drainage
from the Lac de liouriscot is 'barbed' in the typical manner indicative
of reversal of drainage. I'rom this fact, from the sandy nature of the
obstructions within the valley and from what has been said above about
the rapid rate of coastal erosion in the area, it is possible to deduce

a certain amount about the origin of the basin within which Le lMoura liese.
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It is suggested that the through valley once extended further west and
drained entirely towards the east and that this pattern was disrupted
partly by sandy deposits giving the valley its present beaded form,
partly by drainage reversal through coastal erosion into the head of
the valley giving rise to headward erosion penetrating to the east as
far as the present watershed.

The surface of Le lioura at the present day, is scored and pitted
by artifical recilinear channels and ponds. The western edge is used
as a municipal tip heap, whilst roads, buildings and the main-line
railway obscure most of the southern edge of the organic infill. The
eastern end of the basin is separated by a sandy area from the lower
basin in which the Etang de Brindos is situated. The sandy northern
rim of the bog slopes up steeply to the main Route lational 10 and the
Aerodrome de Parmes, both lying on the 75m. platforme.

The uneven surface oi' the bog makes parts of it very difiicult to
penetrate, especially at times when the water table is high. The open

water of the ponds is covered by Nymphaea alba, Nuphar luteum, and species

of FPotamogeton and Utricularia, and bordered by Typha latifolia and

Phragmites communis « The highest and driest areas of the bog are covered

by birch thicket interspersed with extensive areas of Rubus fruticosus

agge, and Pteridium aguilinum with, aﬁélightly lower levels, areas of

luxuriant Osmunda regalis, of lMolinia coerulea and Deschampsia caespitosa

and of the heathers, Calluna vulgaris, Erica tetralix, Erica ciliaris and

Erica cinerea. lany of the ditches contained almost impassable head high

swards of Cladium mariscuse

ii) Stratigraphye
A. GENFRAL TRANBICT..
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In Octoﬁer 1957, Borings were carried out along the line of transect
marked on Fige 3. The results of this transect are plotted on Fige 4.
lany of the peat types were found to be very humified and some were
unfamiliar to the author at the time when the work was done. ‘l‘hefiigging
and sampling of deep pit sections close to borings 7 and 8 in 1958
convinced the author that much of the stratigraphy had previously been
imperfectly recognised and wrongly named and interpreted. ©On returning
to the site in 1960, an attempt to repeat most of the more important
borings failed, because the very high water table during what was an
exceptionally wet summer made most of the bog inaccessible. The results
of the pit sections of 1958 and the repeat of boring 8 in 1960 are given
in the next section. It was found impossible to re-interpret with
certainty all the 1957 borings in the light of later experience and so
they are represented here very simplified, with only the completely
unambiguous distinctions shown.

The northern edge of tze transect abuts onto a steep slope covered
by superficial sand deposits, and between borings 10 and 11, the peats
rest directly on a sloping sand substratum, the continuation of the bank
above the bog edge. Further south, along the line of transect, between

in
borings 6 and 9, unterrupted organic sediments, mainly Cladium and Calluna

peats alternating, are underlain by detritus muds which become clayey

below and pass down into blue~green silty clays and finally into impene-
trable sande Clay-mud almost reaches the surface in borings 2, 3, and 5,
where there is very little organic accumulation above the mineral sediments.
Boring 1 gives a greater depth of peat accumulation once more, but in

borings 14 and 15, the organic deposits are interrupted by clay and sand
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lenses which, south of boring 15 become so thick and persistent as to
make further boring to any depth impossible, even were the roed and
railways not there. The top layer between borings 3 and 15 is stoney
and g includesmade ground.

B. DETAILED STRATIGRAFEY NEAR TO BORING 8.

A monolith was collected in biscuit tins from a 2.8 m deep pit section,
2me south east of boring 8, in 1958, and the stratigraphy and macroscopic
remains collected were examined subsequently in the laboratory. The
stratigraphy of the monolith was as follows ;-

Series 8a. 0-= 65 cms Not sampled.
_—

65 = 105 cm. Sedge peat with abundant remains of

Cladium mariscus and Potentilla sp.

105 = 162 cme Very oxidised Calluna peat.
162 - 136 cme. Cladium sedge peats
186 = 198 cm. Not sampled.

198 = 276 cm. Cladium sedge peate

In 1960, field notes were made on a boring made 1m. south east of
boring 8, and from the same place the top 55 m. out of & total depth of
6 m. was collected as a complete core in zinc liners using the modified
borer ( Appendix 1) . This core was cut into 5 cm. lengths in the lab-
oratory and the macroscopic content of each length was examined. the
succession of stratigraphic types recorded at this point from the two
borings was as f'ollows ;-

Series 8b. 0 = 8 cm. Unsamplede
8 = 30 cm. Oxidised peaty soile

30 = 50 cm. Sedge peat with Cladium and Potamogeton
fruits. Oxidised wood fragments at basee



50 - 55 em. Very oxidised woody peat with Calluna
twigs.
55 - 65 cm. Rather less oxidised but still slightly
woody Cladium peat.
65 - 95 cm. Cladium sedge peat with no wood fragments.

95 - 100 cm. Not critically sampled.
100 = 150 em. Very oxidised Calluna peat.
150 - 335 cm. Nainly Cladium sedge peat with little

change. Occasional unidentified wood
fragments.

335

358 cm. Carex=-Sphagnum peat with a little Calluna
and abundant Menyanthes.

358 - 365 cm. Woody peat with ef.Betula remains and
occasional seeds of INymphaea alba and
fruitstones of Potamogeton sp.

365 - 370 cm. Brushwood peat with large twigs of
Betula and some silt and sand.

370 - 390 cm. Woody peat with Cal luna twigs.

390 - 395 cm. Large wood fragments of.Betula.

395 - 406 cm. Carex peat.

406 - L0 cm. Reedswamp peats with abundant Fhragmites
and coarse plant detritus in a pale brown
muddy matrix.

4,60 - 486 cm. Detrital clay-mud.

486 - 550 cm. Clay silt becoming coarsecr to base. Almost
completely without plant detritus.

In so far as the above two stratipraphic series, 8a and 8b overlap,they
present a consistent picture of Cladium peats below 160 - 150 cm.,succeeded

by highly oxidised Calluna peat up to c. 105 - 95 cm. which is in turn

overlain by Cladium peat.
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C. OTHER PIT SECTIONS.

A shallow pit was dug at the site of boring 3. Biscuit tin samples
were taken between 50 and 127 cm., and they recorded clay-mud above 110cme 4
silty clay with little plant detritus below. In view of data obtained
irom the third of the pit sections, discussed below, no further examin-
ation of these samples was undertaken.

The stratigraphical record from the third pit, that close to boring

/, was as follows ;-

Series 7ae 0 = 82 cme Unsampled.
82

192 cm. Rather oxidised sedge and Calluna peats.
192 = 215 cm. Clay-mud becoming increasingly clayey

towards the base.
215 = 250 cm. Detrital clay, becoming sabdy at base.

id) The pollen diagrams.

A. THE MAIN SERIES, ( boring 8 ).

¥igs. 5 to 13 include all the pollen analytical evidence from the
main series. None of the usual West European schemes of Zone numbering
has been used initially since the possible chronological significance
of the episodes will only emerge after ecological discussion and inter-
pretations The letters and numbers chosen are thus primarily for des-
criptive purposes.
ZONE Fe 600 = 554 cm.

In this zone, tree pollen never forms more than 2.5 percent of the
total nonaguatic pollen sum ( Fige 11)s No Betula pollen is recorded

thiough occasional grains of Quercus, Alnus, ragus and Corylus pollen

are founds Definite bog and aguatic types are completely absent and

the most abundantly recorded taxa are Gramineae, Liguliflorae and
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Polygonum cf. viviparum.

QQEE_L1. 554 = 501 cm.

At the base, tree pollen frequencies rise from 2 to over 8 percent
of the total non aguatic pollen sum and Betula pollen makes its first
appearance just above this level as do many of the aguatic types. The
non-aquatic herbaceous flora is also greatly enriched at about this level

by ege Tubuliflorae types, including Artemisia,Centaurea and others,

Cryptogramma crispa, Armeria maritima and, at the top of the Zone Ephedra

cf's distachya and Centaurea cyanus (ge.

EE&ELEQ' 501 = 450 cm.
At the base of this Zone, Befula freguencies rises to 25 -~ 30 percent
of the tree pollen sum and non-aguatic herb pollen frequencies fall very
steeplye High Salix pollen values accompany the beginning of the Betula
maximum but they fall steeply before the middle of the Zone. Aquatic and
reedswamp species are represented by very high pollen frequencies during
the period. In the middle of Zone L_ the frequency of the heliophilous

2
herbs shown in Fige 6 falls below 8 percent of the tree pollen sums

EEHE—EJ' L50 = LO3 cme.

The beginning of the Zone is marked by falling Betula frequencies,
off'set by rising pine. Heliophyte frequencies also increase relative
to both the tree pollen sum and the total non-aquatic pollen sum ( Fig.6),
reaching almost 100 percent of the former and 8 percent of the latter.
The heliophyte f'lora is rich and varied and the pollen frequencies of
aquatic species greatly reduced. Sphagnum and the Ericales are much

more important than in the previous Zonee



4UNE L) o 403 = 382 cm.
Three samples record a striking Betula maximum during this Zone;
a Selix peak is also recorded and the heliophyte tree pollen ratio falls

through the heliophyte non-aguatic pollen sum ratio hardly changes (Fig.6)

4UNE Lso 382 - 560 Cllle
Betula frequencies fall once more and pine dominates the tree pollen
raine Heliophyte frequencies rise and Sphagnum and the Ericales pollen

types also increase in abundancee.

§9§§_21. 360 = 290 cm.

Quercus pollem frequencies increase fairly steadily fron nil at the
base of the Zone, to c. 70 percent of the tree pollen sum at the top.
At the same time, heliophyte frequencies fall rapidly. Betula pollen
ifrequencies rise slightly and remain between 10 and 20 percent of the

tree pollen sum for the whole Zone.

4UNE P o 290 = 130 cm.
LAt B 3
Corylus pollen frequencies rise sharply at the base of the Zone,
the
to over 120 percent of the tree pollen sum. DuringL;est of the Zone,
they fall gently, along with those of Quercus,whilst Pinus frequencies

rise.

ZUNE P_ . 130 = 80 cm.

From the base of the Zone to the top, Alnus frequencies rise irreg-

ularly and Pinus freguencies fall.

ZONE P. 80 -~ 65 Cllle
3b

During this phase, the trends noted in ja are continued, but Quercus

and Corylus pollen frequencies also fall quite steeply.



ZONE P_. 65 = 20 cm.

At the base of the Zone, Fagus values rise steeply to over 20
percent of the tree pollen sum, mainly at the expense of Quercus.
Pollen records of Cedrus sp., Cerealia type, Zea and Juglans may be

noted from this Zone.

B. - POLLEN SERIES 'B', ( Fig. 14).

This series was constructed from pollen samples taken, in the
laboratory, from the monolith of the pit section ( Series 8a.) close
to boring 8. The lowest pollen samples from near to the base of the

series at 276 cm. included high frequencies of Corylus. Filicales and

Hydrocotyle vulgaris, which relate them to the early Zone Py analyses

between 260 and 280 cm. in the main series. The remainder of this
4one, as well as Zone Pjaand Pajare also represented. INo samples
were taken from above 65 cm. because of the danger that fresh rootlets
from the present day surface may have penetrated the upper layers of
peat, so ruining them from the point of view of radiocarbonassay.
Differences between series 'B' and the main diagram are discussed
below.

C. - POLLEN SERIES'C'.

Table 4 records the pollen analyses from the monolith (Series Za),
collected close to the site of boring 7. All the analyses from top fo
bottom of the monolith fall within Zone F, as defined on the main series.
Ue. - POLLEN ANALYSES FROM THE STRATIGRAFPHICAL SERIES . -

The core (Series 8b), collected from near to boring 8, in 1960, for

the purpose of detailed stratigraphic and macroscopic examination in the

laboratory was related to the mein pollen series by means of 3 pollen



21.
analyses (Table 5) from 40, 365 and 440 cm. They can be shown to
compare with the pollen frequencies in the main series at 60, 385
and 460 cm. respectively.

Table 6 compares and correlates by means of the pollen analyses
the data from the main series, series 'B' and 'C' and the stratigra-

phical core.

Table 7 records measurements carried out on the 'bodies' of
pine pollen grains Irom parts of the pollen diagrams and also from

contemporary moss polster samples under stands of Pinus sylvestris

and Finus uncinata near the tree line between the Font d'Espagne and

the Lac de Gaube just south of Cauterets in the Central Pyrénees (Fig.15).

WhRecords of macroscopic plant remains.

Table 8 includes all the macroscopic records from the site. They
come principally from the monolith near to boring 8 and from the cores
taken from the later boring near the same point. By means of the corr-
elations discussed above and summarised in Table 6, they are related in

Table 8, to the pollen zones defined on the main diagram.

v )« List of photomicrographs.

Appendix III includes photographs of the following pollen grains
from the deposits at Le lioura :=-

Daboecia cantabrica (Zone VIIa), Erica vagans (Zone VIII), Empetrum nigrum,

(Zone III), Erica cf. tetralix (Zone VIII), Pinus cf. sylvestris (Zone VI),

Pinus cf. uncinata (Zones I and ITI), Euphorbia sp. (Zone III),

Polygonum cf. viviparum (Zone ITI), Knautia sp. (Zone I).




Follen Series 'C'. TFollen analytical data from stratigraphical series 7a.

TABLE 4.

The figures are percentages of total tree pollen less Corylus snd Salix.

82 94 118 142 166 180 250 cm.

Betula
Pinus

Ulmus
Quercus
Quercus ilex
Tilia

Alnus

2 L
81 57 45
1 5
51 66 4O
5 5

3 9 O

§.aB

2L 35
6 1
6L 56
1 2
1

g
25 42
3
58 54
L

1 2

Corylus
Salix
Hedera
Vitis

12 16 33
1

95 100

61 76

1

Calluna
Erica sp.

1
5 2
1

Cramineae
Cyperaceae

14 16 18
19 e il

69 49

Folygonum bist/viv.

Foterium sang.
Sanguisorba ofiic.

Artemisia
Centaurea
Euphorbia
Filipendula
Bellis T.
Matricaria T.
Potentilla T.
Rumex
Scabiosa/Succisa
Scorzonera T.
Thalictrum

= S S

Boraginaceae
Campanulaceae
Caryophyllaceae
Chenopodiaceae
Cruciferae
Centianaceae
Liguliflorae
Liliaceae
Kanunculaceae
Rosaceas
Hubiacezae
Tubuliflorae
Umbelliferae
Valerianaceae

- ™ +
o

N = PN =% =N oo

(SR ]

N o

Cladium mariscus
Lythrum cf.salic.
Sparganium T,
Filicales
Osmunda
Polypodium
Pferidium
Sphagnum

20

164 66 121
9 8 6
1

6 14 11

1 2 61

-
A o

1
13 2
33 11

e

2

7
5 190
17

TREE FOLLEN TOTAL

100 50 100

100 100

100100

32



TABLE 5. Pollen analyses from the Stratigraphical Series’(BorinE 8b),

Eg loura.

Sample depth,eme 4O 365 L4O Sample depth,em. L4LO 365 440

Betula sp. 66 12  Artemisia 20

Finus sp. 10 34 & Centaurea 9

guercus L3 12  Euphorbia 7 -

Ulmus 1 Filipendula 7 3

Alnus 36 Plantago 1

‘agus 1C Potentilla T. 6
Rumex 6

TREE POLLEN SUM 100 30 33 Thalictrum 3
Cerealia T. 1

Corylus 61 3 Lysimachia 48

Salix 66 12  llenyanthes 7
ANymphaea 1

Calluna vulg. 33 93 Potamogeton Z:

Daboecia cantab. 1 Sparganium T. 183

Irica beb. 7 Typha latifolia 36

Lrica vagans. 1

Vaccinium T. 7 Gramineae Ly 95 318

Empe trum nigruom 80 Cyperaceae 1
Zanunculaceae 7

Boraginaceae 14 Tubulif'lorae 7

Chenopodiaceae 7 Umbelliferae 18

Cruciflerae 2

Centianaceae 6 JFilicales 72

Leguminosae 6 Fteridium 12

Liliaceae 2 S num 27 140 3

Total number of pollen and spores - 300 100 275

e ——

All figures are precentages based on total tree pollen less Corylus

and Salix.

Counts have been continued only to the point where the

analyses permitted approximate correlation with the mein series.

The samples relate to those in the llain Series at 60, 385 and 460

cm. respectively.




TABLE 6. Correlations between different pollen-analytical and stratigraphic

34

series at Le loura.

A, PUST-GLACIAL.

Helationship between stratigraphic and pollen zone boundarie

Pollen anal. Boring 8 Fit ssction 8a Boring 8b Pit section(7).
Horizons. llain series. Tollen series B Tollen series Pollen series C
Pigs.5-13. Fig. 14. Table 5. Table 4.
Sedge peat
P 3b/cr=-mmmmnaann 65 CMe=vem==- Not sampled = ~~- 50 Che==—==== Not recorded.
Oxid.Calluna
peat.
Cladium peat Cladium peat Cladium peat
P 2/38.-=====-=m= (R —— 105 Clla===mmmmmmm c.100 cm.---- Not refidrded.
A Oxid.Calluna ©Oxid.Calluna Oxid. Calluna
peat. peat. peat.
Sedge and
Calluna peats
P2 ---=Cladium and Calluna peat8-=——---—mmomemcmmaa 192 cme —--=-
Clays and clay
muds
v PR A

B. LATE-GLACIAL. Correlation of stratig.series (ég.pp.25-26)with Main series.

Stratigraphical series.

Main series.

Stratigraphic type. Depth. | Depth. Follen analytical features.

Cladium peat

e R o 335 emJ-c.360 cm.---L5/P1 boundary~=----=-===--=--

Carex-Sphagnumn peat High Sphagnum,Cyperaceae and
Liricales.

memme i = mmmmeeeeen e e=n358 cm-c. 382 cm.---L&/5 boundary----—=--~—mm=—me—-

Betula remains,(ci).

e - - s -t

v .

Reedswamp peat

Detrital clay-mud

—— e

----- 370 cm.}--c.395
_____ 390 cmJ--c.412
_____ 395 cmJ-=c.417
_____ 406 cmd=-c.425
----- 460 cmd-=c.485

————— 486 cm{-—c.510

Setula maximum.
em.---garly zone L L.

Calluna~Empetrum maximum.
cm.---late zone L3.

Single Betula peak.
cui.---late zone L3.

Cyperaceae peak.
¢m.--- mid-zone L3.

Typha,Sparganium ete.
cm.---garly zone L2.

Aguatic and swamp species
cme.=-=--late zone L 1.
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TAFLE 7. PFine pollen measurements.

1division
= 1.8
microns. (20 20 21 22 23 24 25 26 27 28 29 iisions

A 2 2 9 3 2, 20 10 8 5 5
B L g9 1 2 18 19 11 5 3 3

C L i 3 L 7 9 7 1 -
P 1 1 2 3 1 4 4 2 5 & 8 3
F 2 2 ‘2. 5 9 ff -9\.& @ w4
Ldivision L TTTTTTTTTTmTTTooms

microns. 30 31 32 33 34 35 36 37 38 392  LO+ divisions.

A 3 3 1 1 2
B 2 2 1

C 6 7 1 5 6 2 2. 2 2
F 1 3 1

F 2 i 2

Site A. At c. 1680 me, in Finus sylvestris zone near to Cauterets.

Site B. At c. 1800 m., in Finus uncinata zone near Lac de Gaube,Cauterets.

Site Ce At c. 1850 m.,near summit of Col de Fourtalet.

Series F 1. Le loura. Fine pollen from the stratigraphical series
TEoring 8b) at 440 em. (= 460 cm.,Main Series).

Series ' 2. Le lloura. Fine pollen from the stratigraphical series
TEoring 8b) at 365 cm. (= 385 cm., Main Series).
The feature measured is the longest dimension of the pine pollen body,

excluding air-sacs.
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TABLE 8. Macroscopic plant remains from Le Moura.

Follen Zones. i L2 L3=5 1 P2 P3a-b. P3e.
Probable British equivalents-II  IIT IV-Y VI VIIa VIII (qv.Ch.IVc).

Betula sp. (f1). @
cf'.Betula sp. (wd). @
Calluna wulgaris (wd). Q
Carex sp. (fr). @
Cladium mariscus (fr). @ @ @
Eleocharis multicaulis (fr). L2/3
Hguisetum sp. (st).
Erice cf.tetralix.(s). @ @ @
g " [ o) )8 @
Euphorbia amygdaloides (fr). L2/3
Hippuris wvulzaris (fr). @ |
lyarocotyle vulgaris (fr). @ !
s.enyanthes trifoliata (s). & aQ
lyrica gale (1). @
thragmites communis (1). @
Folygala sp. (s). @ .
Fotamogeton coloratus (fs). @ |
totamogeton natans (fs). @ @
Fotamogeton sp. (f's). @
Fotentilla palustre (s). @ @ @
Potentilla sp. (s). & @ @ a
danunculus sp. (s). @
Salix sp. (bs).

(S
De®

®

3\

Sparganium cf. simplex (fr).

Sphagnum sp. (st.and 1). ; @ @ @
|
1

Valeriana dioica (S)-
Viola sp.

@ |

SN T | -

f - flower; fr - fruit; f's - fruit-stone; bs - bud-scalejst - stem; 1 - Leaves}
s - seed; wd -~ wood.
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CHAFPTER TV, LE MOURA. Discussione.

i) General stratigraphy.

In the deeper central parts of the basin, around boring 8, the
stratigraphical record points to the relatively rapid overgrowth of
the open water areas present during the early stages in the accumulation
of the deposit, since only 80 cm. of lake muds and recdswamp peats were
recorded above the top of the basal clay-silts. Above these swamp peats
various changes in the plant communities on the mire are recorded in the
stratigraphy. The two main types of deposit indicate, at certain times
dominance by heathers and other acid bog species, at others, the prevalence

of sedge-fen communities dominated by Cladium mariscus. The significance

of these changes and their eff'ect on the pollen diagrams are discussed in
the sections below.

Where the mineral sediments, clays, silts and sands, approach the
suriace between borings 7 and 5, they are similar in nature to those found
below 500 cm. in boring 8, and it was supposed that the transition to
organic deposits was probably roughly contemporaneous over the whole length
of the transect. Accordingly, on stratigraphical grounds, it was hoped
that the pit dug down to 250 cm. by the site of boring 7 would permit the
sampling of layers contemporary with the bottom 2m. or so of boring 8.

The pollen analyses from the pit section (Table 4), show that the sediments
between 82 and 250 cm. below the surface there all date from pollen Zone E,
in which at some stage, the transition from mineral to organic sediments

took places The same stratigraphic transition in boring 8 takes place ip
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Zones Ly and L2 « This shows that the stratigraphic boundary in
question is not a synchronous one. The most likely explanation for
this is that during the period between Zone L2 and P2 a stream flowed
through the valley depositing mineral sediments around the site of
borings 5 - 7. Almost all the basin is surrounded by uniform gandy
superficial deposits and it is not suprising that mineral sediments
from different periods and parts of the basin should resemble each
other so closely. Whilst the stream flowed through this part of the

bog, organic accumulation continued uninterrupted further north.

ii)e. lajor pollen-analytical bounderies.

A, FULL-GLACIAL / LATE~-GLACIAL.

Zone ¥ contains no evidence for the nearby presence of any tree
or shrub species. The herbaceous pollen flora is rather sparse and,
Like the kull-glacial floras of eg. the Netherlands (Van der Hammen 1951,
Zagwijn 1961) devoid of the heliophytic 'steppe-element' types such as
Artemisia so commonly associated with spectra of Late-glacial age in
northwest Europe. It is thereiore proposed to consider it as represen=
ting a late stage of the Full-glacial period in the area.

The transition to Zone L1 is marked by the first increase in tree
pellen frequency (pine) in the diagram suggesting the possibility of
nearby presence, and also by the first record of Artemisia pollen. The
latter criterion was suggested by Van der Hammen (1951) as a definition
of the Full-glacial/ Late-glacial boundery in the Netherlands. During
the Zone, other trec and shrub types make their appesrance and the herb
flora is greatly increased by the advent of many new taxa. All these

changes are consistent with climatic amelioration permitting the spread
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into the area of a richer and more thermophilous flora. They are the
diagrams first indications of climatic improvement and they parallel
quite eclosely changes used by the northwest European workers quoted
above to define the Full-glacial/ Late-glacial boundarye It is there-
fore proposed to consider Zone L1 as representing the beginuing of the
Late-glacial period in the area.

B. LATE-GLACIAL/POST-GLACIAL.

As late as pollen Zone L5 frequencies of the heliophytic herbs such

as Artemisia,Chenopodiaceae and Ephedra are quite high and birch and pine

species are the only trees significantly represented in the pollen rain.
At the transition to Zone F,, Betula and Quercus frequencies rise, the
latter permanently and steadily, and the heliophytic herb frequencies
fall (Fige12)e This horizon also sees the first records from the site

of such relatively demanding thermophihﬁ@ﬁ species as Ilex aguifolium

(Iversen 1944) and Cladium meriscus (Von Post 1925, Conway 1938). The

coincidence between the local establishment of a Largely continuous
forest cover and the first records of the above two species as well as
Quercus indicates an horizon of important climatic improvement above
which there is no pollen-analytical indications of possible regression
until the very top of the diagrame The characteristics of the horison
are thus similar to those which mark the transition from the end of
Late-glacial to early Post-glacial times in diagrams from north-western
Lurope and it is proposed to consider it as the local Late-glacial/Post-
glacial boundarye. This latter has been proved contemporary over a ywide
area in north-west Europe and it is unlikely that its date at Le lioura
should differ very markedly from that of ¢.8, 300 B.C. now current,

(Godwin and Willis, 1959)
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iii)s Zone F. The Full-glacial period.

At the point of sampling for the pollen series, the Zone F sediments
consisted of sand and sandy clay of uncertain origin. They contained
very little plant detritus and no recognisable macroscopic remains.

The pollen types recorded in these lowest analyses were often
poorly preserved so that identification is, in some cases, more tenta-
tive than in the higher parts of the diagram. The Zone ¥ analyses
contain so little tree pollen, and that comprising mainly very badly
preserved pine and deciduous tree pollen types of uncertain origin
(geve Chek. v. B.),that a totally treeless landscape may be safely
inferred. Representation of shrubs and of aquatic plants too is
totally lacking whilst the herbaceous flora is poor and without types
giving very clear and precise ecological indications. The only specific

identifications for the period are Cryptogramma crispa and, more tentatively

Folygonum viviparum. Neither species grows in the area today and neither

de@%nds below c. 2,500' in any part of France. Neither will tolerate
dry continental conditions.@ Almost every other taxon recorded has

2 wide range of ecological tolerance and includes species growing under
true tundra conditionse.

iv). The Palaeo-ecology of the Late-glacial period, (Zones Ly = 5).

A. STRATIGRAFHY .
The Full-glacial/Late-glacial boundary is not perceptibly reflected

@. Dahl (1951) has shown that Cryptogramma is one of the species which

appear to be restricted by high summer temperature in Scandinavia, where
it is not found in areas with a mean daily meximum temperature for July

of 27°C or moree.
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in the stratigraphy, and clay-sand deposits continue to the LI/L2 horizon
at about which point, the transition to predominantly organic deposits
beginse Throughout Zone L2 these comprise a series of peats formed
close to but just below the water table - drift peats and reedswamp
peats with abundant very coarse plant detritus, including Phragmites
leaves, in a matrix of shallow water lake-mud. During Zone L3, further
hydroseral developments are recorded by a Carex fen peat passing into a
series of brushwood and Calluna peats. Through Zones L2 and 3, a
fairly simple succession is recorded in the stratigraphy, passing from
open water with fringing reedswamps through a fen stage to a relatively
dry bog. During Zone L4, there seems, from the macroscopic remains of

Potamogeton and Nymphaca, to have been some redevelopment of open water.

During Zone L 5, this was succeeded by oligotrophic fen or very wet bog

conditions in which lienyanthes trifoliata was extremely abundant,

Judging from the number of its seeds recovered from this level. These
local developments which are deduced from the stratigraphic evidence and
macroscopic records will also be considered in more detail later in the
Light of the bearing they have on changes in the pollen rain during the
period.

B. THE HECOLOGICAL INTERFRETATION OF THE POLLEN RECORD ,

In Oldfield (1961) reasons were advanced for turning to the high
western and central Pyrenees for the closest present day analogies with
the Late-glacial vegetation around Le Moura. These reasons were based
on various parallels, notably:-

i). The presence of Pinus uncinata type pollen in the Late-glacial

samples, (g.v. Section C).



42

ii). The absence of Betula nana type pollen in the analyses, the dwarf
birch being present in the Alps and Massif Central locally, as well as

in the mountainous and circum-polar areas of northern Europe, but

completely absent from the Pyreneeé@.

From section (iv)A of this chapter it is clear that an aquatic
succession involviug a variety of plant communities took place close to
the site of boring 8 during the Late-glacial period. Evidence for
vegetational changes on the dry-land as a result of climatic changes
must ivevitably be mixed up in the pollen analytical record with
reflections of the local hydroseral developmeuts during this period,
and one of the first problems presented by the diagrams involves the
separation of these two largely unrelated themes.

For this purpose, the taxa represented in the pollen diagram have
been divided into six groups:-

i). trees and shrubs (Fig 5).

ii)e aquatic, semi-aquatic and bog types (Figs. 7 and 8)

iii). Definitely non-aguatic or bog, and predominantly heliophil-
ous taxa (Fig. 6)

iv). pollen types which by their variations in irequency and the
species which they represent, are very likely to be reflecting
the presence of plants. taking part in the aquatic succession
(Fig. 8 and some types on Fig.10)

v)s pollen types which, using the same kind of arguments as in
( iv) probably represent taxa of open dry land habitats(iig.6)

vi). pollen types ref'lecting the presence of taxa of wide or diver-
gent ecological preferences,eg. Calluna wvulgaris and Lmpetrum
nigrum,both of which could be growing on the mire, or in heaths
round about, or both.

The interpretation of the variations in frequency of the first three

groups forms the basis for the palaeo-ecological reconstructions to follow.

@ A third indication, the presence of pollen of Taxus baccata, can no longer

be considered valid. Recent re-examination of the material suggests that
the pollen in guestion was not of yew; the 'gemmae' were too large (qv.Jessen,

Anderson & Farrington, 1959). Its identification has not yet proved possible.
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C. THE RULES OF PINE AND BIRCH.
Betula. As stated above, no evidence for the presence oi Betula nana
was founde The pollen, single fruit and wood fragments could have
belonged either to B. pubescens or B. verrucosa. Both are rare today
in the Fays Basque whilst in the Iyrenees, they do not ascend as high
as Lious uncipata. Irom Geussen (1948) and Fournier (1946) it appears

that birch occurs as high as Finus silvestris quite commonly in the

fyrenenees and elsewhere, and the present author recorded Betula pubescens

locally in ill-drained areas in the LFinus silvestris zone of the central

fyrenees near Cauterets, at about 1700 m., though both birch species
were seen more commonly at much lower altitudes in the oak woods of the
valleyse.

Pinus. Of the three species native to south west I'rance, Finus pinaster

(= maritima) is a lowland south-west Luropean and west-lediterranean
species, present in the Fays Basque especially on poor sandy soils
(Allorge 1941a) but absent from the most exposed coastal situations

(Jovet 1955)s Finus silvestris, which is common in the eastern and

central rFyrenees, does not reach beyond the eastermost edge of the lays
Basques Allorge (1941a) stresses the dry continental character of its
habitats in southern france and the EFyrenees, where it forms dry south

and east facing montane woodland in contrast to ragus and Abies which
cover the moister north and westward facing slopes (Gaussen 1948,Rey 1955).

h
Thus ﬁﬁre fagus and Abies are absent, Finus silvestris decends to the upper

limits of ocak woodland, where they are present, it may, as at Cauterets

(Fig.15), form & closed stand in an intermediate belt between the highest

limits of the Abies forest and the lower limits of linus uncinata park
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TABLE 9. Ecological notes on plant communities near the tree line in

the Cauterets area.

(i). Species list from south-west facing slope near Lac de Gaube.
Alt. c.1900 m. Dry rocky schost slopes of 20-30 degrees.

IREES. Pinus unginata. Scattered forming a total cover of less than 15j.

SHRUBS.Calluna vulgaris C
Vaccinium myrtillus C
Juniperus communis C
Arctostaphylos uva-ursi L. on bare rocks
Rhododendron ferrugineum L

HE:BS, Festuca ovina agg. C Sedum atratum
Poa alpina [ Melampyrum sylvaticum
Polygala alpestris L Salvia pratensis
Helianthemum chamasecistus L Calamintha alpina L
Fotentilla erecta I Thymus communis
Alchemilla alpina L Teucrium scorodonia L
Trifolium alpinum L Lpilobium montanum
Lotus corniculatus agg. L Urtica dioica L
Saxifraga sp. L Beupleurum falcatum L
Saxifrage aizoides C Laserpitium latifolium L
Silene nutans Selinum pyrenaicum
Silene cucubalus agg. Flantago alpina L
Stellaria holostea C Flantago montana L
Sempervivum montanum Calium verum I
Galium asperum Hieracium laevigata
Fuphrasia salisburgensis Hieracium pilosella L
Campanula rotundifolia L Cryptogramma crispa L
Gentianella campestris L Polypodium vulgare L
“nautia arvensis Blechnum spicant
Bellis perennis Asplenium trichomanes

Crepis vesiculosus

C - Common. L -~ Local or scattered. Others - only one record.
(ii). Species conspicuous below forest canopy in Pinus sylvestris zone:-

Festuca ovina agge. Calluna vulgaris
Gramineae indet. Vaccinium myrtillus
Potentilla erecta Juniperus communis

———




TABLE 10. Contemporary pollen rain in the central Fyrenees.

Pinus spp.
Ficea sp.
Quercus spp.
Alpnus zlut.

Calluna v.
Empetrum nig. s.s.
Vaccinium myrt.
Erica vagans

Poterium sang.
Artemisia sp.
Helianthemum sp.
Iris sp.

cf'. Lotus sp.
rlantago sp.
Aumex sp.
Cerealia type.

Cryptogramma C.
Filicales.
Lguisetum

Iscetes
Selaginella s'oides

Pteridium

A B
93 82
9-
4
g 2
2
1 1
.1
12
1
2
1

1

WD O\

-k

D
91
1
3

G L S TS

un

Site A.

A
Abies alba 1
Fetula spp.
Fagus sylv. 1

B

5
1

3

£ oW Q

D

3
(1 Ulmus)
1

TreePollen Bum 120 150 150 150

Corylus av.

Juniperus sp.
Rhamnaceae

craminens 4
Cyperaceae
Campanulaceae
Chenopodiaceae
Cruciferae 9
Ligulif'lorae
~anunculaceae
Rosaceae 1
HAublaceas

? Baxif'ragaceas
Tubuliflorae
Umbelliferae
Urticaceae/Canuab.
Valerianaceae

e o o ——

5
1

45

-\

L7

A small Sphagnum lawn in fairly closed woodland.

Site B.

Site C .

1

1

oot <A DY NN L I

\J1 = =

2
1

56

N o=

In the Pinus sylvestris zone at c¢. 1680 m., near to Cauterets.

Bryophyte flush at c. 1800 m. in the Finus uncinata zone above
Cauterets and on the edpge of' the Lac de Gaube.

Near summit of Col de FPourtalet at c. 1850 m. Bryophyte flush.

In a grazed and deforested area below the regional treeline.

oite D.

At c. 2200 m. on the slopes of the Fic du Midi de Bigorre.

Sphagnum lawn covering a shallow kettle hole in moraine above

the

Pigures

tree line.

—— e ot e e

are percentages of tree pollsn sum.
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woodland, i.e. between c. 1600 and 1730 m. The lower limit of Pinus
silvestgris here is fairly clear cut, but at the upper limit P.silves-
tris and F. uncinata intermingle as the canopy becomes less continuous.

Pinus uncinata is described by Fournier (1946) as a race of Finus

montana. Bvidence from Gaussen (1948), Rey (1955) and personal
observations in the Cauterets area suggest that it forms the natural tree
line throughout most of the Pyrenees, ascending to well over 2000 m.

Wnilst the Pinus silvestris woodland near to Cauterets formed a

relatively dense canopy and did not possess a particularly rich herb
layer, the F. uncinata woodland above was much more open, hardly
giving rise to any continuous areas of shade and allowing a relatively
rich herb flora to flourish (Table 9), similar tothat found above the
tree line.

Samples of growing Sphagnum were taken from two sites in the
Cauterets area in order to provide details of present day pollen

flush

rain. Sample (a) was from a wet bryophyte/at c. 1800 m. in the

lower part of the Finus uncinata zone, sample (b) from a small

Sphagnum lawn at 1680 m. in the Finus silvestris zone, (Table 10).

The pine pollen in each sample as well as in a third sample from
the Col de Pourtalet (Table 7) was measured.Van Campo (1950),
using acetolysed type material, has pointed out a diif'erence in

size between the bodies of the pollen grains of FPinus uncinata and

Finus silvestris, though some overlap was found. The present samples

were not acetolysed and so their sizes may be expected to compare more
closely those found in the fos=il preparations from Le loura. The main

size frequency .eak in the sample from the Finus uncinata zone falls at
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22 dix and c. 65 percent of the grains are 23 div or less. The main

size frequency in the Pinus silvestris zone is 24 dix and 55 percent

of the grains are 24 dix or over. The bulk of the pine pollen from
the latter sample irom the midst of a densly wooded tract may be taken

to represent Iinus silvestris pollen produced by the surrqding trees, A

and we may conclude that very little finus silvestris pollen falls

below 24 dix in size. The pine pollen rain at the higher site may
be expected to be somewhat more mixed since the woodland is an open

one and the site only /U m. asbove.the edges of the Finus silvestris

zones Nevertheless, there can be no doubt that the large quantities

of small grains found represent Pinus uncinatae. The sample from near

the summit of' the Colde kourtalet, at 1850 m. is 2 - 3 miles distant

from any forested areas. South of the summit of the Col, pine woods
occur, maioly s silvestris; to the north, there are few if' any pine

woods in the valley and the tree line comprises rather stunted fagus

woodlande The size of the pollen rain here varies a great deal and

there are no clear peaks as in the Cauterets samples, although the

highest frequencies occur within the Pinus silvestris range.

Similar measurements were carried out on Late-glacial pine pollem
from ssmple 440Ocm., close to the boundary between Zones Lp and L3.
The results are shown in Table 7. Although moust of the grains are
2, diw or larger and the main size range (26 - 28 ﬂi&) falls clearly
within the limits of F. silvestris sizes, 25 percent of the grains
measured 23 di¥ or less and 14 percent, less than 22 div This is a
higher percentage of small grains than in the lower sample at Cauterets.

Another sample from the main series at 380 cm. (L5) contained 19 percent



less than 24 div  These measurements suggest the probable predominance

of Finus silvestris pollen during the period, but the definite presence

of Finus uncinata. The same conclusion was reached by morphological

examination of the pollen grains. In typical Finus uncinata pollen,

the body of the grain is smaller relative to the air sacs than is the
case with F. silvestris, whilst the zirsacs are borne more directly

below the grain. All the pine pollen grains of 23 dix or uncer, whether
from fresh moss polsters or from the Late-glacial analyses possessed

these characteristicsy ( qu.v. photomicrographs ).

Finus pinaster pollen exceeds in size (c. 40 ait) that of the other

two species (Van Campo 1950) and the network on the sir sacs tends to be
larger. Nevertheless, the distinction is not a clesr one. Seldom
more than one or two grains with both these characteristics were found
in any of the pollen samples from le lioura and these from Fost-glacial
and mainly fairly late post-glacial samples (of Oldfield 1960b).

From the above informatiou, Finus uncinata and to a lesser extent

L. silvestris may be expected to have played a dominant role in the
relatively colder Late-glacial episodes, the tree birches in the rela-
tively wermer. Also, since the highest treeless slopes as well as

the finus uncinata park woodlana communities are richer in light deman-

ding herbs thau the lower more closed forests of Pinus silvestris with

local stands of birch, it seems reasonable to take the relative abun-
dance of light demsnding herbs too as some indication of the severity of
the climate. The relationship between these various elements have

been expressed as ratios,
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in Fig. 12:- (i). Dry land heliophytic herb pollen
total tree pollen

(ii). Dry land heliophytic herb pollen
total non-aquatic pollen

D. LATE-GLACIAL SUCCESSIONS.
40NL Li. The rise in tree (mainly pine) pollen freguency at the base of
the zonemay record the spread of pine into the area. It has already been
noted that the rich herb flora of Zone L I includes species of continental

and steppe effinities. Centaurea cyanus (cf. Iversen 1954) and Ephedra

cl’, distachya are especially indicative, whilst the genera Artemisia,

Centaurea and Knautia also contain many other continental heliophytic

species. The representation of these groups and other elements in the
open ground herb flora (Fig. 6) is highest at the end of this Zone and
the transition to Zone L 2, whilst at the same time, heliophyte percen-
tages as a whole, whether expressed in relation to tree pollen or to
total non-aquatic polleu, reach a maximum, (Fig. 12).

FolLlen of Fotamogeton, Typhs latifolis, Lysimachia (almost certainly

L. wulgaris), Lythrum and Isoetes, appearing for the first time during

this zone, coniirm the suggestion from the stratigraphy that nearby open-
water and reedswamp habitats existed at the time.

4Uks L 2. Whnilst low birch frequencies are recorded in the second half
of L I, the sharp increase in birch frequency at the L I/2 boundary
probably records the first expansion of birch in the area. There are

no macroscopic remains of birch irom this phase and the stratigraphic
type suggests that conditions on the mire were not suitable for birch

colonisation. It seems certain that some spread of birch trees in the



surrounding area is recorded. The peak in Salix frequency coinciding
with the early part of the birch maximum probably represents the local
spread of some arctic-alpine willow as a pioneer species over former
herb dominated communities. Throughout the zone, the Low herbpollen
frequencies (Fig. 6) point t?é striking reduction in the extent of open
insolated habitats coinciding with birch's sprezd into the area. Mixed
birch-pine woodlands covering almost all the dry land are indicated.
From the size statistics of the pine pollen from the end of the zone,
(Teble 7) it is clear that the most abundant pine species was P. silves-
tris though I'. uncinata was present. The steppe elements in the flora
are almost completely lacking during this phase whilst, Filipendula
values rise significently and are maintained throughout the zone. All
the polleu analytical evidence suggests that Zone L 2 was a relatively
forested mild temperate episode during which the steppe and tundra
elements in the vegetation were severely reduced.

vuring this phase, the representation of the aquatic species reached
its maximum (Fig. 7). The peaks in reedswamp and probable reedswamp
types at the beginuing of the zone are followed by a short phase in
which open water aquatic types are more strongly represented -

Potamogeton, Kanunculus aquatilis type, and Utricularia, suggesting that

the early part of Zone L 2 may have been marked by a local rise in water

level. Typha latifolia frequencies remain unchanged by this, and follo-

wing the peaks in open water po.len freguencies, the other reedswamp
types return. Above 470 cm., Typha and Lysimachia values begin to

fall and the semi-aquatic pollen flora becomes dominated by Sparganium

5.
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type and Gramineae, high frequencies of both persisting in early Zone L 3.

ZONE L 3. The return of pine to dominance of the tree pollen raiun
coincides with an increase in dry land herb pollen representation and
these changes together indicate an opening of the forest cover and a
return to more severe climatic conditions. The indications of pine's
local dominance during L 3 are interrupted by only one single sample in
which birch pollen frequencies reach c. 60 percent of the tree pollen

sum. Oldfield (1961) has already drawn attention to the fact that the

birch pollen in guestion was slightly but uniformly zberrant on the slides

from this sample and it seems valid to consider this peak as the result
of local birch growing on the mire, with one tree (perhaps one anther)
producing the bulk of the birch pollen. Close proximity of tree birch
to the site of sampling at tiis time is confirmed by the presence of
guite large twigs of birch in the borer samples.

At 430 cm., reedswamp conditions end, with a rapid change in the

local pollen flora to dominance by Cyperaceae, Sphagnum and Succisa, and

in the peat type to a sedgeadgw peat with Carex nutlets, suggesting the

onset of fen or flushed bog conditions. TFruits of Potentilla palustre,

Potentilla sp. (? erecta), Potentilla pollen and pollen and fruits of

Valeriana dioica also occur at this level, suggesting some variety of

local conditions during this transitional stage from reedswamp below to
bog sbove (qv). The birch pollen peak considered above, and the birch
twigs, come irom the top of this phase recording perhaps some local

temporary fen-carr stage quickly super#eded. High frequencies of
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Calluna, Empetrum nigrum and Erica cf. tetralix pollen coincide with and

continue beyond the birch pollen peak. Calluna twigs and the seeds and

a floret of Erica cf. tetralix occur at this level suggesting that these

two species at least were important elements in the vegetation of the mire
at this stage. The Empetrum frequencies parallel so closely those of
these other Bricales types that there can be little doubt that all three

were growing together I'orming shrub dominated bog. To what extent

Calluna and Empetrum nigrum may have been growing on the surrounding dry

land too is impossible to tell, but there is no certain evidence here
that they grew elsewherec than on the mire, in the neighbourhood of the
point of sampling. During Zone L 3, there is thus evidence for a fairly
repid transition from reedswamp to shrub bog, though it may not be justi-

fied to deduce any change in actual water level from this.

ZONE L 4o Three samples with high birch frequencies mark this zone and
it is importent to try to discover whether these values are the result
of' Betula growing in woodlands surrounding the site (as in L 2) or as an
element in one of the communities on the mire (as with the birch peak in
L3)

During Zone L 4, dry-land herb pollen freguencies, expressed as a
percentage of' tree pollen, decline sharply, but they remain steady when
expressed as a percentage of total non-aquatic pollen. The former
eifect would be cxpected whether the birch was growing on the mire or on
the surrounding dry land, the Latter effect would not be expected if the

birch pollen were coming from extensive stands on the dry land.
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Contemporary with the rise of Betula frequencies, the shrub pollen
types which were thought to have dominated the mire vegetation in Late
~one J are quickly reduced in representation, suggesting that there must
have been some change in local conditions at this point. The macrosco-
pic remains at this level (Table 8) as well as the presence of various
pollen types of aquatic and semi-aquatic species point to the develop-
ment of' areas of open water on the former bog surface. The abundant
pollen and seeds of lenyanthes are especially notable too, indicating
rather swampy mesotrophic or oligotrophic conditions. Birch wouod and
budscales of Salix are also recorded at this level, whilst a peak in
Salix pollen frequency is recorded in the middle sample of the zone.
All this evidence suggests that the Late Lz bog surface was flooded
at the opening of Zofe Lh.’ stretches of open water were created along
with swampy areas and patches of Betula and.§§ligc:;§h£::eseems no

cause for deducing any significant change in the nature of the vegetat-

ion on the surrounding dry land during this period.@

@ In Oldfield (1961), the alternative interpretation, that Zone Ly,
records some spread of Betula onto the surrounding dry land, was put
Tforwarde The evidence upon which this earlier interpretation was
based was less complete than now since at the time of reading the
paper (Dec.1959) samples for detailed macroscopic analysis had not

been obtained.



TABLE 11. Late-glacial plant successions at Le lioura.

Erigish
Fhase. |Bog and aquatic successions. ry leand successions. Follen Z'
& QOak woodland i *a
1 Cladium fen Oak-birch woodland
Sphagnum-Calluna
L5 Empetrum bog.
e e e
Birch-willow carr
1NN and open water. Open pine woods ITI
_______ . 8 i
Shrub bog
L3
I'en-bog trans.
Reedswamp
L2 | |memmmmemmemen—ee Birch~-pine woods II
Upen water & reed.
e edswamp
____________________________________________ A e —
Open water & reedd Steppe tundra { ? c.
GP"’ -------------------------------- -1 \' ?
L1 Open water £ 7
Park tundra ? b.
Full-
i Open water True herb tundra glacial.
>R "R y :
falling====- ™ «4--falling
~--rising rising———n_
A ] B

.

The curve in column A seeks to represent approximately the variation in
water level in relation to the level of deposition.

I'he curve in column B is some indication of the climatic trends which may
be inferred from the dry-land vegetational successions.The line is

discontinuous where the inferrence seems least secure.
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40NE L 5. There are no indications in the pollen diagrams of any
changes on the dry-land between pollen sones Ly and Lg. The fall
in birch pollen frequency at the base of the zone coincides with rapid
increase in Sphagnum values succeeded immediately by peaks in Calluna,

Lmpe trum nigrum and Cyperaceae with twigs of Calluna, and Sphagnum

leaves, all this suggesting the redevelopment of bog conditions at the
point of sampling, as at the top of Zone L3,

The full Late-glacial hydroseral developments at the point of
sampling are summarised tentatively in Table 11 along with concurrent

changes in the dry land plant communities.

E. CLIMATIC CHANGES AND CORRELATIONS ¢
Above the transition to Late-glacial conditions, the broad pattern
of vegetaé?gzziigthhe dry land is threefold, from open herb communities
with possible scattered pine (L 1), to more or less continuous birch-pine
woodland (L 2), baek to open herb communities with pine (L 3-5). Such a
simple division very closely parallels familiar Late-glacial successions
over the whole of north-west Lurope in which a temperate Allergdphase
(pollen Zone II) is found preceded and succeeded by cooler episodes, the
Lower and Upper DUryas periods ( Zones I and III). This sugcests the
following correlation between the present Late-glacial series and more
familiar of'ten radiocarbon-dated ones from north-west Europe :=-
L 3 =5, - Zone III. Upper Dryase
L 2. -  Zone II, Allergd,

L I. - Zone I. Lower Uryas.
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Although it may not be justified to consider the zone bounderies
as defined at Le loura as the precise chronological equivalents of
those defined and radiocarbon dated further north, the degree of parall-
elism with dated sites sugpests at least approximate synchroneity of
episcdes.

In view of the tentative equation of Zone F with the end of the
Full-glacial period and Ly with the Allergd,the question arises of
whether the diagram contains any evidence for a pre-Allergdwarm phase
as do many sites covering this time interval in North west Europe
(Iversen 1954, Anderson, De Vries and Zagwijn 1960, Walker in Clark
et al. 1954, Walker 1957, Uldfield 1960 a ).

The middle of ZLone I, marked by heliophyte/tree pollen ratios of
ce 100 = 160 % and heliophyte/ non aguatic pollen ratios of c. 104 is
succeeded, during the final part of the zone by large increases in the
representation of the more or less steppic heliophyte taxa. The helio-
phyte/tree pollen ratios reach 2505, and the heliophyte/non aquatic ratios
reach c. 14.. It seems certain that such a change in flora reflects a
rather brief climatic cscillation probably involving a shift to drier and
perhaps cooler more continental conditions. Without more evidence from
the area and also from places between this site and those in N.W. Europe,
it would be rash to suggest that the pre-Allergdclimatic oscillation
detected here rather tentatively could be correlated with any of those
found further north. However, the apparent magnitude of the change, its
position and general importance in the Le lioura diagram compare guite
closely with evidence for pre-Allerddoscillation in some of the other north

west Buropean sites reierred to above e.g. at Hawes Water in Oldfield (19602) «
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At this last site, the immediately pre-Allerdd'cold' phase is
characterised by especially high Artemisia frequencies and there, as in
many North west Luropean diagrams, it is the episode in which pollen of

HippoPhge rhamnoides appears most consistently (Iversen 1954, Godwin 1956).

Table 41 summarises and correlates the deduced changes on the mire
and on the dry land, and relates them to the British Late-glacial pollen
4aonation. It is interesting to note that the steppe tundra phase at the
end of Zone I appears to coincide with lowered water level, whilst the
beginning of each major mild period (Zone II and the Fost glacial) is
marked by an apparently sharp rise in water level, as indeed is the
middle of Zone IIl.

It is not possible to correlate this series satisfactorily with that
from Foueyferre (Lourdes) described by Ue Vries, Florschutz and Menendez
idmor (1960), since the highly simplified diagram based on total pollen
sum and not subjected to detailed ecological interpretation does not
provide a satisfactory basis for pollen analytical comparisons.

The diagrams of Lang and Trautmann (1960) from the Lac des Salhiens
8t 1220 m. in the centre of the lMassif Central near to Nasbinals include
a very full record of Late-glacial pollen analytical changes. The ecol-
ogical roles of birch and pine species in the liassif Central differ from
those in the Fyrenees and the zonation criteria adopted by Lang and
Trautmann differ so much from the ones used in the present study as to
make correlation between the two series almost impossible. (Un the other
hand, the diagrams of Florschutz and lenendez Amor (1961) from the Laguna
de Sanguijuelas on the Spanish/Fortuguese border do show some points of
comparision with the present one. The clearly marked period which the

authors relate on pollen-analytical and radiocarbon grounds with Zone II
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begins with very high Betula values, and the earliest episodes recorded,

containing litile or no Betula pollen, some Finus and relitively high

Artemisia values seem quite comparable with the beginning of Zone L I
At Sanguijuelas though, Zone II proceeds with a notable

at Le lioura.

peak in Quercus frequency!

The Fost-glacial periode

A« STRATIGRAFHY.

The non synchroneity of the clax/peat contact along the line of

V)e

transect has been discussed and the present section deals only with

the details of postglacial stratigraphy close to boring 8, the main

poellen seriese.
The main changes in stratigraphy consist of alternations between
“‘main

The earliest post-glacial Calluna

Cladium peats and Calluna peats.
peats are in Series 8b, at 150 eme( = 170 cm. in thefpollen series)

and they become increasingly structureless and oxidised up to ¢ 100 cm.

the F2/p3 boundai®), where there is an abrupt transition to relativ-
This same change takes place at 105cm.

( =
ely ifresh unoxidised Cladium peat.
in the nearby monolith series, and there too it coincides with the P 2/3

The marked oxidation of the upper layers of the underlying

boundary.
Calluna peat in the mein series,series 8b, and the monolith, and the

extremely poor state of preservation and overall sparsity of pollen at

suggest that the bog dried out for a while at this stage.

the same depths
The abrupt transition to Cladium peats suggests the sudden development of

@ This stratigraphical change was detected in the original boring for the
pollen series and so it is possible to relate it exactly to the pollen

diagrem at the F2/3 boundary.



60.

Almost exactly the same sequence of changes takes place again at
50 cm. in Series 8b, ( = 65 cm. in the pollen diagram. i.e. E 3b/3c
boundary)es Here the evidence for the flooding of a formerly dried out
bog surface includes the presence of Potamogeton fruits and pollen in
the overlying deposit. Oxidised woody fragments typicel of the under-
lying peat are also found mixed into the lowest 5 cm. of the overlying
fresh sedge peat, recording some incorporation of the crumbled former
bog surface in the more recent deposits as a result of the floodinge
Both these stratigraphic boundaries coincide with pollen zone bound=-
eries, ¥ 2/3 and P 3b/c, and from their appearance it seems reasonable
to infer that both probably reflect temporarily discontinued deposition

at the point of sampling for the pollen series.

B. THE POLLEN DIAGRAMS AND VEGETATIONAL HISTORY.
vuriug the preparation of the main pollen diagram it was noted that
there were horizons, e.g. at 120,150,250,355,405 and 550 Cle., where
Irequencies of Aluus and Fagus pollen were recorded, well before the
wain increase in frequency of either species. Some doubt was cast on
these records for the following ressons ;-
i)the almost invariable association of the two types together,
ii)their occurrence mainly at 50 cme intervals or multiples of 50 cm.
approximately,and so from depths from which the pollen samples
would be taken from the very top or bottom of the Hiller sample

chamber ( qv. Faegri and Iversen 1950).
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iii)ethe presence of relatively high Alous and Iagus values at the
top of the series permitting downcerriage of both pollen types
from the topmost Llevels of the series with each insertion of the
borer.
iv).the failure to distinguish clearly many of the stratigraphical
types at the time of taking the samples for the main pollen
diagram (1957).

v), the fact that the peaks of' each species Aone

sample each time.

as a result, close and often contiguous or overlapping samples
from levels in the nearby monolith serics equivalent to 120,150, and
250 cme in the main series were taken and analysed, the method of
sampling in this case precludiug the possibility of contamination by

downcarriage. The analyses, Fig.14, show that Alnus and Fagus did

not contribute to the contemporary pollen rain during the phases in
question, thus the conclusion that the peaks are the result of down-
carriage from upper levels with each insertion of the borer is, how-
ever unpleasant, inescapable,

The bulk of the pine pollen, and virtually all of it during

Zone F2 was of Finus silvestris types The few grains which, on a

account of their size and the large network on their air sacs, were

of" the Pinus pinaster type, were mainly found above this level. The

Jueércus pollen recorded was very mixed and a minimum number of Juercus
ilex grains has been distinguished and plotted separately, including
only those which could be identified to this species with complete

certainty (Van Campo and Elhai 1956).
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sfuercus pubescens pollen is similar to that of S« ilex but appears

more lobed in polar view and more coarsely ornamented. The few grains
of' this type that were observed were thought not sufficiently distinect
from the possible range of variation within the other guercus species to
merit separate recording. The Corylus curve includes doubtful grains
which could equally well be liyrica whereas the Myrica record is a
minimum number of certain identifications.,

The sharp reduction in pine and heliophyte pollen frequencies at
the L5/F1 boundary coincides with increases in birch and juniper pollen
values suggeatiné pioneer colonisation of former herbaceous communi ties,
a familiar feature of many north west European diagrams at the Late-
glaciaL/Post-glacial transition. Oak seems to have shaded out the local
Juniper quite quickly and then steadily colonised formerly pine and birch
covered areas throughout the rest of the zone, ending up by almost compl-
etely dominating the local tree pollen rain. There are no certain indic=-
ations that any of the other trees of the mixed oak forest reached the
area during this phase.

Hazel's spread into the area, marking the beginning of Zone P2,
coincides with a further reduction in birch pollen frequencies. Where,
as in most of north west Zurope, hazel spreads before the oaks, it does-
S0 mainly over predominantly pioneer type plant communities (Iveﬂsen 1960), )L/
of'ten largely dominated by birche Its rather modest though rapid rise
in representation in the present diagram is more problematical, since it
is hard to imagine which localities opeén to hazel had not been previously
colonised by oak. Some of the pollen may be coming from hazel growing
as an undershrub to oak, though this is not likely to be much (Faegri and

Iversen 1950), in view of the great reduction in hazel pollen production
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in shaded situations. The increases in pine frequency and reduction
in oak and hazel which follow and culminate at the end of Zone P2,
almost certainly point to increasingly dry continental conditions

in view of the behaviour of Scot's pine in southern rrance today.

The monolith pollen diagram ( Fige. 14) shows the gradual steady
rise of alder freqguencies during P3a and 3b at the expense of pine
and oake Alder is a lowland and especially a damp river valley
species in the Tays Basque today (Allorge 1941) and it probably
spread into the area at this time along valley and streamside
habitats, wherever sufiicient moisture and lack of dense shade
permitted (licVean 1955). The increase in beech pollen values immediately
above the stratigraphic and pollen analytical boundary at 65 cm. seems
to come about mainly at the expense of oak,

Since there are hardly any points of contact between the ranges
and habitats of beech and alder in the area at the present day and
since the role of pine during this final episode if clearly much reduced
and probably somewhat changed by the admixture of F. pinaster, this is
only to be expected.

The records of Cedrus, Juglans and Zea pollen in this final episode
give some indication of date. Cedars are relatively recent historical
introductions into western Burope from the liddle tast and Himalayan
regions. Juglans pollen has been found in other I'rench post=-glacial
deposits, but always during very recent episodes, along with high ragus
values (Becker 1952, Lamee 1942, Braun-Blanquet,1933, Elhai 1959).

Elhai quotes evidence and authorities suggesting its possible Roman
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introduction and spread, a view which is supported by sub-fossil
evidence from Britian (Godwin 1956). Zea mays was introduced into
Burope from the New World in 1520 (Fournier 1946) and is the commonest
cereal crop of the Fays Basque at the present daye Lts pollen is highly
characteristic, (Barghoorn 1954), its longest dimension often exceeding
80 mi. Whereas cereal pollen grains of any kind are totally lacking
during the earlier periods, they are represented by a continuous curve
during this last episode, though weed and bracken frequencies are little

higher than during the earlier periods.

C. CORRELATION OF THE POST-GLACIAL FPOLLEN ZONES,

+‘he order of arrival of the tree species into the area is not typical
of most of western Lurope, oak coming and spreading well before hazel.
Under such circumstances, it would seem pointless to seek precise
chronological equivalents for the early post-glacial boundeéries here, SV/
without independent dating evidence from radiocarbon. The spread of
hazel into north west Europe appears to have been relatively rapid though,
and there is some likelihood that the hazel increase in the lioura series
will be approximately synchronous with.those further north, in which case
Zone F1 may be tentatively correlated with British pollen zones IV/V.

The stratigraphic and pollen analytical evidence from the top of Zone
P2 indicates a tendency towards drier more continental conditions which
can be paralleled in many north west Furopean sites (e.g. Godwin and
Tallantire 1951, Godwin and Seagrief 1960)s Along with the foregoing
evidence it supports very strongly a close correlation of Zone P2 with

British pollen Zone VI, as defined by Godwin (1956) for south east England.
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The top 40 cm. of this zone do include low Alnus frequencies even in
the monolith series where downcarriage was impossible, and this is a
common feature in British pollen diagrams.

The steady rise of alder frequencies above this suggests a date
early in Zone VIIa, though the chronology of alder's spread into
western Iurope seems neither so simple nor se well-known (qv. Oldfield
unpub.) as to give such a correlation much significance in terms of
absolute age. Above the I 3b/e boundary, the high Fagus values and
the presence of the recently introduced pollen types point to a
quite recent historical date, late in pollen Zone VIII. This being
$0, the bresk in deposition at the 3 b/ec horizon, already inferred
from the stratigraphy, must cover a span of time including the whole
of pollen zone VIIb, much of VIII, and possibly the later parts of
VIla. Radiocsrbon evidence from liouligna (Oldfield 1960b), only 2%
miles seaward of Le loura showed that the mud bed there dated from
late Zone VIIa and early VIIb times. 4 comparison of the present
pollen diagrams with the Mouligna succession shows that the episodes
recorded at the coastal site, pheses of sustained high alder and
negligible beech frequencies, are completely absent at Le loura.
Table 12 summarises the post-glacial correlations made between the

present diagram and the British scheme of pollen zonation.

vi). Further comuents on the plant record at Le loura.

Species dealt with completely in the above sections sre not

further considered here. In order to make the following discussion
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more readily comprehensible in familiar terms of reference, the plant
records are cated in terms of the British pollen zones to which the
local episodes have been correlated in the above sections (qv. summary
in Teble 12). The comments must therefore be viewed in the context
of the qualifying remarks made in these foregoing sections.

Abies. Pollen frequencies of Abies (presumably A.alba) are restric-
ted to late Zone VI and subsequent episodes. They never exceed 1o
of the tree pollen sum (ef. Oldfield 1960b), and give no sure indica-
tion of the local presence of fir at any stage, especially in view
of its high pollen production. There is thus no evidence that it
grew any further west than at present during any part of the post=-
glacial period. Firbas (1949) shows that Abies pollen may form up

to 2o of the tree pollen sum 20 km. beyond the border of its distribu-
tion, and as much as 1. at 70 km.

Armeria. sp. Armeria maritima occurs between 1800 and 2900 m. @ on

French mountains, whilst A.cantabrica and montana are recorded by

Allorge (1941a) between c. 700 and 1550 m. on calcareous cliffs in
the Fays Basque.

Restriction of Armeria records to Zone I suggest that the species in
guestion was a member of open tundra ccmmunities.

Buxus sempervirens. The first record of Buxus pollen comes in late

Zone VI, as with Abies. Though present in the Fays Basque, the box
becomes commoner eastwards on dry slopes at low altitudes in the

central Pyrenecs and especially in the Mediterranean region.

e Altitudinal ranges in Frence are, unless otherwise stated, quoted

from Fournier (1946).
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Calluna vulgaris. From the macroscopic remains licsted above (Table

8) and the foregoing ecological interpretations, it seems likely

that most, if not all the Calluna pollen records from both post-glacial
and late-glacial levels can be attributed to patches of ling growing

on the mire from Zone III times onwards.

Calystegia sp. C.sepium is a common hedge and roadside weed in the
earea 2nd it is not surprising that the one grain of Calystegia
recorded should come from the topmost Zone contemporary with recent
historical times and human activity.

Campanula sp. The relatively large size of the pollen grains
suggested identification to the genus whilst the absence of Campanula
records for Zone II and the whole of the post-glacial period point

to probable identification with a light demanding col: tolerant species
within the genus. lost French Campanula spp. are herbs of non-shaded

dry-land hsbitats and C.rotundifolia is very common ipdeed above the

tree line in the centrazl Pyrenees where it ascends to c. 2,100 ma

Centaurea cyanus, - Iversen (1954) and Godwin (1956) gives Late-

glacial pollen records of this species from north west furope, and
discuss it as a steppe element in the Late-glacial flora. It
reaches 1,800 m. in France at the present day.

Centaures sp. The species referred to above as well as C.scabiosa,
produce distinct pollen types easily separated from the type conside-
red here referred simply to the genus. From the associated flora
at the time, the high peak in Centaurea frequencies at the end of

Zone I probebly indicates heliophytic species within the genus, which
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is composed for the most part of light demanding herbs. C.Jjacea
and C.pratensis both ascend to 2,000 m. in France.

Cladium mariscus. Fruit, rhizomes and pollen of the sawsedge occur

in each pollen zone from IV/V onwards and the species is still common
over parts of the mire of the present day.

Daboecia centabrica. The characteristics of this pollen type have

been described by Oldfield (1959) and by Watts (1959). Of the two
isolated Zone VI and Zone VIIa pollen records of this species from

the site (Fig. 14), the lower one was of especial morphological inte-
rest since it possessed transverse endo-apertures crossing the furrows
and costae between the true pores and the polar ends of the furrows,

& characteristic noted for a few of the type specimens of Daboecia
pollen considered in Olifield (1959). St. Dabfet's heath is a [
relatively common element of the inland acid heaths of the area
(Allorge 1941) and a notable member of the 'lusitanian' element of
the Irish flora, the native status of which has been recently demons-
trated for Ireland by Watts.

Eleocharis multicaulis. A single fruit of this species was recorded

at the Zone II/III boundary, inmediately before the first stages of
inferred bog overgrowth. This species has been recorded by Jovet
from the Sphagnum flushes on the nearby hill massif of La Rhuue
(Jovet 1941). Fournier (1946) limits its French altitudinal range
to 1,500 m. at the present day. Walters (1949) points out that

this species is restricted in Britain to base-poor, acidic habitats.
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Lmpetrum nigrum. Io pollen grains ( cf. Jessen 1949) of E.

hermaphroditum were found and the identificetion is to the

species sensu stricto. IFrom the above evidence it is clearly

not Justifiable to infer any colonisation of the surrounding

dry land by etrum during any of the episodes, since the
irregularly high pollen frequencies in Zone ITI can satisfac-
torily be explained in terms of crowberry growing on the bog

at the time, along with heather etc. Two sites recently

examined in north Lancashire have given pollen diagrams in which
equally high values for Empetrum could be related with complete
certainty to dry shrubby bog communities, in one instance in

Zone VITa (Oldfield and Statham, in the press), in the other in
Zone VITI (COldfield and Stetham unpub.). This kind of evidence
contrasts sharply with that from Irelsnd (Jessen 1949), and the
Netherlands (Van der Hammen 1951) where very high Zmpetrum values
in Zone III over quite large areas have prompted the authors to
deduce the presence of extensive 'oceanic!' Empetrum heaths during
4one ITT. Since, despite the position of the Fays Basque, no such
reconstruction would be acceptable on the basis of the present
evidence from Le lloura, then it would be unjustified to infer strongly
oceanic conditions at the time from the high Empetrum values. In

Britﬂgﬁ and on the continent, Empetrum nigrum grows in isolated bog zﬂp

situations much further east and south than it does as a heath species,
though it is not tolerant of strongly continental conditions in any

kind of situatione 1In France, it is entirely an upland species ,
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not decending below 1300 m. and totally absent from the Pays Basque.

Erica cf. tetralix. Both the pollen (cf. Oldfield 1959) and seed

(ef. Watts 1959) identifications from Zone III are fairly confident.
The pollen types highest frequency during the zone is at the deduced

transition from Sphagnum to Calluna~-Empetrum dominated boge.

Lrica tetralix is a west Zuropean species absent even from eastern

Yrance and Spain, though spreading as far as Poland at higher
latitudes. It ascends to 2200 m. in Frances It seems that like
EZmpetrum, its presence in Zone III would not be compatible with stro-
ngly continental conditions at the time, a conclusion also reached

by Godwin (1956) in connection with British Late-glacial records for

the species.

Srica vagans. The distinguishing features of this pollen type are

described in Oldfield (1959). The isolated records from Zones VI
and VIIa represent certain identifications. This species is
éxtremely abundant especially along the coastal fringes of the area
where it may dominate large stretches of heathland. The first
record, quite early in Zone VI suggests that E. vagans could have
spread northwards along the Atlantic coast of France into S. W,
England before the culmination of post-glacial sea-level. Thus it
may be possible to account for its presence in Cornwall without

postulating per-glacial survival,

Zphedra cf. distachya. The first records come from the phase at
the top of Zone I along with other types indicative of dry contin-

ental conditions. Only one grain was found in Zone II whereas
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Zone III has a continuous Ephedra curve. Vhilst in other parts
of i'rance e.ge Briftanay (Van Zeist unpub.) a2nd the lassif Central
(Lang and Trautmann 1960) Ephedra records continue into the post-
glacial period, they are completly lacking above Zone III at Le
‘oura. The esarliest recordp of fphedra in Britian is from the
I/II boundary (Godwin 1956) whilst Iversen (1954) lists a single
grain from Zone Ic in Demmark. The lioura record fits easily into

this context.

Luphorbia amygdaloides. Two seeds were found at the Zone II/II1

transitions The wood spurge is a central and south European
species of damp woodlands, ascending to only 1400 ft. in Britifin,
with markedly southern distribution (Clapham, Tutin and Warburg 1956)
and to 1300 m. in Irance. Allorge (1941) records it as a rather
rare element in the open heaths of the Fays Basque, but he regards
it as an indication of the status of the heaths as degraded former
woodlande It may represent a rather southern, thermophilous and

rather sciophytic element in the looal flora at the end of Zone II.

Luphorbia sp. The Kuphorbia pollen from the main series was found

at a higher level than the seeds referred to above, though the grain
found at 440 cm. in the stratigraphical series is from exactly the
same level as the seeds. The same pollen type was found from Zone VI

levels in series C. (Table 4).

fagus sylvatica. IFrom the evidence above, it is clear that the
suddenness of the genuine increase of Fagus frequencies at 60 cm.

from O to over 25% of the tree pollen total, is probably the result
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of flooding and resumed accumulation after a long period without

any bog growths In southern France, Fagus is essentially a sub=
montane tree, forming, in moist situations, a forest zone above

the altitudinal limit of the oaks. At lioura, the high Fagus values
seem t0 come about largely at the expense of oak frequencies and
it is thus tempting to suggest that climatic deterioration is
ref'lected by beech's expansion. In the Pays Basque, the change

from §. robur to Fagus dominance takes place usually between

Ce 400 and 600 m. (Allorge 1941). Le Moura, at 4Om. above sea
level, is many miles from any area of moderate extent above these
altitudes. It thus seems most unlikely that climate alone could
have accounted for the spread of fagus bnto the area of the lowland
Fays Basque and near enough to the site to have given rise to such
strong pollen representation. It seems much more likely that man,
in clearing and destroying the natural forest cover during episodes
totally lacking at Le lioura played a major role in beech's penetra-
tion of the area. In this connection, it is interesting to note
that at lMouligna (Oldfield 1960b), the first Fagus values come
immediately after the clearance phase recorded there and dated to

c. 3000 B.C,

Filipendula. Godwin (1956) makes out a strong case for identifying

British Late-glacial pollen records of Filipendula with F. ulmaria.

As is characteristic of many Late-glacial sites ( e.g. Oldfield 1960) ,
the bulk of the Filipendula pollen from Le lMoura is found from Zone II

onwardse Here though, the control seems not to be purely climatiec,

Since the main increase in Zilipendula frequency takes place some
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way above the I/II boundary and at the deduced transition from
open water to fen, whilst relatively high values are maintained
into Zone IIT until the onset of bog development. In the post-
glacial samples, its frequencies are highest in series C (Table L4)
which was taken from the part of the mire where minerogenic,
supposedly river, sediments occur mixed with the organic deposits,
thus providing a more favourable habitat for meadowsweet than the

bog peats of the central areas, away from mineral deposition.

traxinus exelsior. Iollen records for Fraxinus in early and mid

Zone VI (Figs. 5 and 14) are interesting in view of the close
relationship between the spread of ash and human interference
demonstrated in Britfgn (e.g. Oldfield 1960a) and also in the Fays
Basque (Oldfield 1960b), at Mouligna, and in view of the lack of
pre Zone VII records for fraxinus in Britian,(Godwin 1956).

It will be noted that the Zone VI record at Le lioura is not restr-
icted to contaminated samples and so, especially in view of ash's
low pollen production, may be taken to record ash's presence in the
area. Allorge (1941a) and Jovet (1941) consider it as an associate

of Quercus robur in the richer damper mixed woodlands of the area.

Gentianaceae. The pollen type in question was indistinguishable

from that of Gentiana pneumonanthe. The Late-glacial maximumin

early Zone III close to the deduced transition from fen to bog
would be in keeping with this wet heath and bog species which is
locally present among the surface vegetation of Le lioura at the

present day.
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Helianthemum. sp. The pollen recorded here can be distinguished

from that of species within sect. Tuberaria, having much finer

collumellae and fainter striations.

|
Hippophe rhamnoides. Whereas in Britfleln, pollen of Hippoph#eis

often associated with the Zone I/II boundary, at Le lioura, it is
found only in Zone III. The Large areas covered by superiicial
sand deposits would, under the unshaded conditions of the time, have
certainly provided suitable habitats for the sea buckthorn. At the
present day it is not found native along the Atlantic sea bord of

rrance south of the English Channel.

Hippuris vulgaris. The record of Hippuris from Zone III can be

compared with numerous Late-glacial records for the species from
north west Europe (e.g. Walker and West in Louseley 1953)s It ascends

only to 1600 m. in ¥rance at the present day.

Juniperus. Although the Late and early Fost-glacial records for
Juniper are nowhere near so abundfnt as is often the case in north
west Luropean diagrams, its status at the III/IV boundary, apparently
as a pioneer species over herbaceous communities, is very typical

of its behaviour at the time over a wide area in northern Europe.

Hyrocotyle vulgarises The high frequencies of Hydrocotyle pollen
and finds of fruit from early Zone VI presumebly reflect abundance

of this species in the local fen and marsh communities on the miree.
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Ilex aquifoliums From evidence on the continent, Iversen (1944)

suggested that holly may have been very late in migrating into

western Europe during the post-glacial period. However, Jessen

(1949) has demonstrated its presence in Ireland from Zone VI onwards
whilst Godwin (1956) quotes a single Zone IV record from Hampshire,
followed by more established Zone VI records in England. The two
pollen records from Le loura immediately after Zone III thus becoming
rather interestings Ilex is a eu-oceanic species intolerant of
winter frost (Iversen 194;) with a strongly southern and western
distribution in kurope. The early post-glacial records from the
Atlantic coast of Europe and especially the immediately post-Zone III
records from Le lioura point to the possibility of holly having survived
the last glaciation in south west Burope, not too far away, and perhaps

in Ibseria.

Knautia sp. Fournier (1946) lists 22 French species of Knautia and
all but one (an Auvergne endemic) are dry land species, mainly helio-
phytic and with a preference for minerogenic soils and dry conditions.
All the records 2re from Zone I, where other taxa represented indicate
dry insolated habitat@. Lang and Trautmann (1960) record the only
other fossil Knautia pollen from france, in the Zone III analyses

from a site in t he lassif Central.

Libiataes The pollen type recorded in Zone II was of the stephan-

ocolpate reticulate type represented by Thymus and its close relatives

within the tribe Saturejeae. lentha and Lycopus fall into this group




27

and from the coincidence of the records for this type and those
Tor other marsh and swamp species, it seems likely that the pollen

in question represents some species from these genera.

Leguminosaes The pollen types fall into two sorts, one small and

smooth and closely resembling pollen of Lotus Sppe, one much larger
and clearly reticulates The highest frequencies of the former type
(Z4one II/III) coincided with high frequencies of swamp and fen species

and this suggests a possible identification with Lotus uliginsuse.

Liliaceaes The pollen type recorded from Late-glacial levels is
very characteristic, being monocolpate with a reticulum large and
clear around the equator of the grain and becoming finer and less
distinct towards the more or less pointed poles. The closest
parallel is with the photograph of the type described by Lang and
Trautmann (1960) as cf. Veratrum. In the post-glacial sediments
a smaller monocolpate type occurs, identical with that tentatively

ldentified as Narthecium ossifragum by Watts (1959) and Uldfield

and Statham (in the press), as well as an inaperturate type (indets.)
with three vague 'poroid areas's Narthecium is a common element in
acid valley bog situations in south west France (Rellet and Jovet 1955) ,

and Jovet (1941) records it in the Sphagnum flushes on La Rhune.

Lysimachia sp. The very high frequencies of this pollen type in the
reedswamp and fen peats of Zone II, along with many semi-aguatic
species points to an identification with L. vulgaris which ascends
to 1200 me in France at the present day, or less probably to the

rarer L. thyrsiflora a lowland marsh species of S.W. France, or
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L. ephemerum a doubtfullynative marsh spevies of the east Fyrenees

and west lMediterranean area only ascending to 800 m.

Lythrum sp.  The Zone II Lythrum frequencies coincide with high

Gramineae and Cyperaceae percentages in a Fhragmites swamp peat.

Lythrum hyssopifolia and L. salicaria are the only two likely

species, the latter and much more likely one reaching 1400 m. in

france, the former only 500m.

lalvaceae. As with Calystegia,the late record almost certainly
indicates hearby presence of one of the mallow species of wayside

and wasteland which are a common feature of the local weed flors.

syrice gales. The tentative pollen counts of Myrica in Zone VIII

begin above the point of resumed accumulation after a long hiatus

and they coincide with increased frequencies of Calluna, Erica, cf.

tetralix and Sphagnume liyrica leaves were found at lower levels

towards the top of Zone VI and so there ig the likelihood that some

of the pecllen counted at this level as Corylus refers to lMyrica.

Myriophyllum alterniflorums Occasional records from the base of

Zone II up into early Zone VI suggest the persistence of base poor
open water habitat@ even during this period of local shrubby bog

development in Zone III,Jovet (1955) records M. alterniflorum from

the Etangs of the Landes and Allorge (1941) refers to it as the

dominant species in the open water areas of the Lac de Mouriscot

(Fige 2)« It is recorded as ascending to only 1000 m. in france.
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Nymphaea sp. INymphaea pollen records are highest during the open
water phase of Late Zone I and Zone II though they persist through
4one III and to the beginning of &one VI. No liymphaea species

extends above 600 m. in France at the present day.

Olea spe The pollen morphology of European Oleaceae spedies has

been described by Aubert, Charpin and Charpin (1959) and by Beug (1960)
In Olea, the pollen of which but for its short furrows might readily
be mistaken for a Cruciferse type, the exine is thick and the retic-
ulum strong with clearly visible collumellae in the encircling muri.

The genus in Europe comprises a cultivated form, Ulea europaea vare

sativa and a genuinely wild or reverted shrub form (. europaea var.

silvestris ( = oleaster), though Turrill (1952) seems to doubt the

cytogenetic and taxonomical validity of such a distinction which is
based mainly on economic and ecological reasoning. The status of
this taxon in Europe is rather obscure, and Turrill casts doubts on
Luropean tertiary records of the genus and also on the genuinely
native status of the 'wild' oleaster type which he considers may
easily be a degenerated and neglected form of the cultivated type
wherever it occurs. This would point to the olive's introduction
into Burope by man, and Turrill suggests that the ancestral stock
may have been either or both of the closely related African species,

O. chrysophylla and Qe laperrini. Xecent pollen analytical evidence

from Mljet in the south Dalmatian area (Beug 1960) shows records of
Olea pollen throughout the post-glacial period and although this
seems to point to the native status of the genus there, more records

would be needed to establish this as a certainty especially in view
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of the possibility oi' long distance transport of the pollen and also
of very early introduction close to the middle eastern areas of early
culture the ages of which, on the Latest evidence begin to approach
the end of the late-glacial period. Du pont (195)) has recorded

the wild form oi olive in north west Spain beyond the normsl limits
of" cultivation and along with other ilediterranean plants (Lavandula
spp. and Phillyrea media and angustifolia), growing in sites far away

from the nearest direct cultural interference at the present daye. .

The single pollen record from Zone VIIa at Le Moura, prior to the
introducti{n of any Iorm of cultivation into the area thus becomes
interestinézﬁhe light of the various views and lines of evidence
summarised above. More records would be needed though to add any
real force %o Teug's tentative indications of the olive's native
status in Europe or to Du Pont's possible evidence for its indigenous
status in north west Spain.

Unagraceae. The Zone III pollen record was not of Circaea but of

the Epilobium/Chamaenerion type.

Osmunda regalis. Spores of Osmunda are found in each of the post-

glacial zones, as they were in the Zone VIIa/b transition series from
liouligna (Oldfield 1960b). The royal f'ern covers quite large areas
on Le Moura at the present day and it is likely that these post-glacial

records for it reflect its presence in local fen communities.

e Guinea (1949), im contrast, doubts the natural status of the oleaster

in Vizecaya, and attributes his single record to former plantation.
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Pedicularis cf. palustris. The syncolpate pollen type was too small
for Fesylvatica . A4s well as E.palustris, a common bog species, the
French flora includes a number of endemic Fyreneen and Alpine species
within the genus.

Polygonum ef. viviparum. Tentative indentification to this species

was made on the best preserved grains, though most could not be
distinguished from pollen of E.bistorta. The high frequencies of
this pollen type in Zone ¥ and to a lesser extent in Zones I and IIT
may be paralleleu by records of P.viviparum from Full-glacial depo-
sits in Britain (Godwin 1956). Connolly has recently recorded it
(1961) as part of the Late-glacial flora from Whitrig Bog, Berwick=-

shire. folygonum viviparum is a very widely distributed circum=-

arctic and alpine species of damper tundra communitiesywet rocks and
especially snow patches, ascending to 4,000 ft. in Rritain and to
5,000 m. in France. It is interesting to note that its maximum
frequencies at loura do not coincide with those of the continental

'steppic' taxa.

LTotamogeton coloratuse The early Vilarecord of this species coincides

with other indications of flooding end fen development over the form-
erly dry Calluna covered bog surface of Late Zone VI. P+ coloratus
is especially characteristic of shallow pools in base rich fen situ-
ations and its occurmeice in peats rich in Cladium remains is guite

in character.
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Poterium sanguisorbra. In France, as in Britian this species is

mainly one of calcareous grassland. The Zone III record is parall-
eled by many European Late-glacial finds (Van der Hammen 1951, Godwin
1956, Lang and Trautmann 1960) whilst the Zone VI grain (Table L) may
indicate survival of open habitats in this coastal area at the height
of the post-glacial,a supposition supported by the records of Artemisia.,
Plantago and heath species in Zones VI and VIIa. Allorge records it

as a present day element in rather dry calcareous Brachypodium pinnatum

dominated grassland communities of the Pays Basque.

Pteridium aquilinums Bracken frequencies increase at the Zone IV-V/VI

boundary, along with those of Osmunda and other Filicales., The high=
est post-glacial bracken frequencies come from 250 cm. in series C,
close to boring 7 (Table 4) and they are far in excess of bracken
values in other parts of the series and other diagrans from the site,
and unaccompanied by any indication of openings in forest cover or
of human interferences This points to the presence of bracken
locally in the plant communities on the mire ( cf. Turner unpub.).
The changes in frequencies of the fern types and mire plants about
the IV-V/VI boundary may be summarised as follows:-

i), Pteridium and Filicales peak (Hydrocotyle and Osmunda

e i rising)e

ii). Hydrocotyle and Osmunda meximum with marsh and swamp
sppe Fteridium and Filicales reduced.

iii)e Sphagnum increases, as does Pteridium.

iv). Pteridium maximume

It has not been possible to relate those pollen analytical changes

to stratigraphic changes though no doubt they reflect changes in
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plant communities on various parts of the mire surface presumably
in response mainly to changes in water level. Pteridium seldom if
ever grows at a soil level below the water table and it is to be
found only on rather dried out and often artifically drained or
cut over peat in Britiane TIts maximum representation here does
not coincide with that of the true marsh or fen species and it
seems reasonable to suppose that it indicates rather dry conditions
over parts of the mire for a while. At the present day, the irreg-
ular surface of Le loura gives rise to a close juxtaposition of
contrasting bog and fen communities ( Ch. III) and no doubt the
presence of localised igizﬁ:;:\channels in it led to a diversific-

ation of habitats in earlier times, (gv. Filipendula amd Sanguisorba

also).

Sanguisorba officinalis. There are pollen records for every Late-

and Fost-glacial zone for this species. In Zone VI it reaches
relatively high frequencies in series C at 82 and 94 cm. (Table 4)
and is unrecorded for the sameé period in the other diagrams This
sugpests the development of a local fen-meadow community, especially
since extremely high rilipendula frequencises are recorded in the

same samples. Since this series is only 240 m. from the main series
and also the main monolith analyses, this evidence suggests that the

pollen of the entomophilous Sanguisorba officinalis was not widely

dispersed at the time. The only mention of this species in Allorge
(1941) refers to its presence in a lolinietum on lonte Jaiz quibal

in the Spanish Pays Basque, at c. 1580 me It is a rare and disjunct
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mountain species in most of Spain.

Scabiosa/Succisa type. This pollen type, recorded from Zone IT

onwards almost certainly refers to Succisa pratensis. Its highest

frequencies occur in Zone II at the top of the fen stage.

Scorzonera type. Faegri and Iversen (1950) describe this rather
peculiar type of Compositae pollen. It seems doubtful whether in

this instance it refers to the genus Scorzonera onlye.

Lilia sp.The scanty pollen records never exceed 1 percent of the tree
pollen sum and, as in southern England, they begin in late Zone VI,

Such low frequencies leave in doubt the native status of the lime in
the area where, at the present day it is hardly if ever recorded from

natural situationse.

Typha latifolia, Records for this species begin in Zone I at Le
loura, whereas Iversen has shown that in Denmark, they do not begin
until Zone IT. Godwin (1956) lists two pollen analytical records
for it from Zone I in eastern England. Iversen (1954) takes its

presence to indicate July temperatures of at least 1&3.

Ulmus sp. The low frequencies of such an abundant and anemophi lous
pollen producer as elm give little cause for considering it an impor-
tant element in the local woodland at any stage during the post-glacial

period (cf. also Oldfield 1960b)e Ulmus levis and Ulmus glabra occur

but are rare in the Fays Basque at the present day, being mainly

restricted to the local often precipitous valley sites (the 'ravines

a fouglres of Allorge 1941) where they grow as part of an extremely
mixed and floristically rich woodlandy(Table i),
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Umbelliferaes The concentration of high Umbelliferae values within

the deduced swamp and fen stages of Zone II and early Zone III makes
it very likely that the pollen in question is that of some semi-

aquatic species (perhaps of Oenanthe or Apium) growing locally.

Valerianaceae, Valeriana diocia. Coincidence of relatively high

pollen frequencies of this type with the seed identified to the
species in Zone III points to the marsh valerians having been a
member of the fen flora of the time. British records for this
species are almost completely restricted to the Late-glacial period
(Godwin 1956)e It is notable that it does not reach the tree line
in france, nor does it extend northwards in Scandivavia beyond south-
ern Swedene Irom this and from many of the other Late~-glacial
records of aquatic and semi-aguatic texa discussed above, it is clear
that the suprisingly rich and rather thermophilous nature of Late-
glacial pond and mire vegetation noted in liorth West Europe (Iversen

1954) is paralleled here.

Vitis sp. The earliest pollen record of vine, Zone IV-V, clearly
predates any period of possible introduction by man as do the Zone VI
and VIIa records from the various monolith series. These latter
records are especially significant since the method of sampling pre-
cludes the possibility of downcarriage of pollen from higher levels.
Jovet (1955) records apparently wild vine growing with hazel forming

wind pruned scrub on the cliffs in the St. Jean de Luz area.
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CHAFTER V. NARBELLA, Stratigraphy, pollenanalyses ¢ plant remains.

i)« Introduction.

The deposits to be considered outerop on the coast near the
southern limit of the administrative area of Biarritz, close to
the Villa liarbella (Fig. 2). The present account is concerned
mainly with deposits occurring north of the outlet of the Ruisseau
de Chabiague (Fig. 16), and only these are discussed in detail.
The relationship of the northern deposits to those south of the
stream is considered briefly in Chapter VI, section 2 below.

The deposits at llarbella extend inland for at least 1 km.,
and badly obscured and crumbling sections have been noted by the
side of the R. de Chabiague close to the main road by Dupdrier
(unpube)z No attempt has been made to trace the deposits inland
by boring. The former topography of the basin has been greatly
obscured by deposits of recent superficial sand, dissection by
minor streams ané human interference.

ii). Stratigraphy.

A. NORTH OF THE RUISSEAU DE CHABIAGUE.

In view of the precarious and continuousgly changing nature of
the cliff face and the infrequency with which the lowest deposits
can be seen, no singly section from top to bottom of the series could
be recorded. The following annotated succession is 2 compound of
sections from adjacent parts of the same major coastal exposure

(Fig. 16, Site I), save for the data from stratum F, the exact

£
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position of which has not been observed by the present author. Those
strata which have proved to contain pollen in countable quantities

are labelled with letters which relate to the ones used in the pollen
diagrams (Figs. 17 and 18). The intervening deposits are given

numbers. Heights above sea-~level are quoted for certain critical

horizong@.
0 - 30 cm. Fresent day soil.
1 50 = 50 cm. Dune sand with modern rootlets.
50 - 60 cm. Brown slightly organic loose dune sand.
60 - 130 cm. Muddy sand with ocecasional layers of clay with
pebbles, especially between 100 and 110 cm.
2 130 = 155 cm. Ochre coloured sand, less organic than above
and with fewer pebbles.
155 = 195 cm. Light cemented sand with some stratification.
Clayey at 170 cme Iron pan at 195 cm.
195 - 230 cm. Very hard cemented sand, narrowly bedded with
> coarse grit and pebble layers. Pebbles angu-
lar and unsorted, bedding much disturbed.
230 = 311 cme. Loose white and pale grey sand with red oxide

b layers at 270 and 290 cm. and unindurated ferric

staining elsewhere. Clayey between 255 and 265 cm.

s
@ Levelling was carried out with a quickgt to an accuracy of 2 cm.,
though the datum to which the determined heights were related was a
spot height the level of which could ouly be determined to the neawest

.5m. Thus all heights are plus or minus half a metre.
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311 = 313 cm. A persistent but much contorted black muddy
layer with clay below. (STRATUM 0).

313 - 316 cm. Iron pan.

316 - 360 cm. Almost pure white sand with lenses of gravel.

360 - 460 cm. Coarse ungraded angular gravel in lenses, with
clay, sand and grit between. Solifluction
heads Lower contact clean with no transition.

L60 - 495 cme  White beach sande (460 em. = 16.7 m. (c.55")
above mean sea level).

495 = 500 cme Faint horizon of unhardened iron oxide

accumulation.

500 - 630 cm. Yellow beach sand becoming white and leached
below.

630 - 640 cm. As above becoming iron stained and clayeye.

640 - 815 cm. Dark brown compact fibrous laminated peat with

numerous Carex nutlets, becoming muddy at the
very tope (STRATUL A« O = 175 cme)e
815 = 850 cm. Laminated peat with abundant fronds of Osmunda
regalis. (STRATUM A. 175 = 210 cm.).
850 - 960 cm. Medium brown sandy detritus muds. (STHATUM
A, 210 = 320 cm.)e
960 - 1050 cm. Beach sand.
1050 - 1080 cm. Contorted mud layer with fruitstones of

Potamogeton pectinatus. (STRATUM B. O = 30 cm.).

1080 - 1330 cm. Beach sand. 1330 cm. = & m. (c.26') above mean

sea level.
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1330 - 1480 cm. Olive green clay-mud with numerous fruits and
leaves of aquatic plants towards the top.
(STHATUM C. O = 150 cm.).

1480 = 1550 em. Grey sand with silt and clay. Drift wood at
1550 em. (STRATUM C. 150 = 220 cme).

1550 = 1702 cme. Grey clay-silt with sand throughout.
(STRATUM D. O = 152 cm.).

1702 = 1720 cm. Grey unconsolidated grit. (STRATUM D. 152 -

170 cm.).

ce I metre hiatus. Depths below approximate.

1820 - 1850 cm. Heavy grey clay silt with marine molluscs,
(STRATUK E. O = 30 cm.).
1850 - 1870 cm. As above with coarse rounded grit. (STRATUM E.
30 - 50 cm.)e.
1870 = 1910 cm. Gritty clay with shells. (STRATUM E. 50 = 90 cm.).
1910 - 1940 cm. Coarse rounded grit in a watery matrix.

Section flooded. (STRATUL E. 90 - 120 cm.).
1940 cm. = c. 2m. above mean sea level.
————— Hiatus of unknown depth ———————
STRATUM F. 3 samples collected by R. Duperier in Feb. 1958

(Olafield 1960c).

The bottom metre of stratum C and the whole of strata D and E
have only once been observed by the author, after & rough storm in

August 1958. They are usually covered by present day beach deposits
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and so it is not possible to trace their lateral continuations to
north and south of the point of sampling. The top of stratum C and
its transition to stratum 8 can be traced clearly to north and south
of site I. Northwards the C/® contact rises as it approaches the
edges of the basin, which are in solid rock, and stratum C becomes
progressively narrower so that eventually ounly 50 cm. of rather gritty
clay mud overlie bedrock. At this point, compaction of Stratum C

must have been minimal and the height of the C/8 contact a good
indication of its original level. The height recorded was 9 m. 30 cm.
above mean sea level, i.e. 130 cm. above the height of the same contact
at site I, only 160 metres further south, suggesting a compaction of
stratum C and the underlying deposits of' that order of magnitude at
site I, since deposition.

Stratum B is found only in the northern half of the cliff face,
and south of site I it quickly thins out =and disappears, being conti-
nued as a zone of iron staining in the beach sands. Stratum A
continues south of site I to the location of the Villa lMarbella
itselfs On the cliff face north of the concrete apron below the
terrace of the Villa, the top of stratum A is subdivided by a layer
of coarse beach sand and stratum A as a whole is only c. 2 m. thicke.
South of the concrete apron there are no traces of stratum A and 9
metres of beach sand, interrupted only by iron stained layers are
found above the top of the southern continuation of stratum C.
lMoving north from site I towards the edge of the basin, stratum A

becomes thicker reacining a maximum depth of c. 5 m. about 30 m. from
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the edge of the basine.

The deposits recorded as overlying stratum A are well exposed
ouly close to site I. lNorth of there they have been washed out and
recent dune sand comes into conftact with the lower levels of stratum
6« To the south, the construction of the terrace of the Villa
larbella has both removed and obscured them from view.

B. SOUTH OF THr RUISSEAU DE CHABIAGUE,

The only strata recorded north of the stream which can be
traced confidently southwards towards the southern limits of the basin
are the lower levels of stratum 7 (beach sands) and the upper part of
stratum C. Immediately to the south of the stream, bedrock approa-
ches the surface and only ce 1¢5 m. of stratum C are present. As
at the northern end of the basin, the top of stratum C is at a higher
level (8.5 m.) than at site I. At this point, the deposits overlying
the bcach sands of stratum 7-8 are mainly loams and dune sands of
uncertain age and origin which cannot be related to the succession at
either side since they are cut ofi to the north by the Valley of the
Ruisseau de Chabiague and to the south by the site and extensive
spoil heaps of the former municipal aba.ttoi; of Biarritz. South of
this latter building, good sections are ageain exposed and the following
succession was recorded at site II, (Fig. 16).

(3 = 4 m. of superficial soil and recent dune sand.)
O =175 cme Sands with coarse gravel around 100 cm.
175 = 270 cm. lore or less pure sand, yellow above, leached white

below end strongly iron stained at the base.



270 - 295

295 = 302
302 - 338

338 - 340
540 = 349
49 = 355

355 = 385

385 - 389
389 - 402
402 = W14
L4 - 116
416 = 442
L42 = 445
L5 - 469
469 = 534
534 = 547
547 = 714

Cile

Cllle

Cliie

Clie

Clile

Cllie

Clile

Cll.

Clle

Cllle

Clle

Cl.

Ciine

Cllle

Clile

Cllie

Grey-brown clay mud with sand leyers at 276, 278 and
288 cm. This bed is truncated by later sands
immediately to s. of section.

Bedded grite.

Clayey mud with sand layers at 311 and 333 cm.

This bed is truncated by later sands a little s. of
section.

Gravel.

Grey sande

Pale grey-brown sandy-silty-mude. Truncated to s. by
a bed of gravel older and coarser than that which
truncates the organic horizons above this.

Pale grey and white sands with iron stained horizous
and coarse gravel at base.

Dark brown fine-detritus mud.

Clay-mud.

Grey sand and grit.

White clay.

Clay-mud.

Dark grey sand.

Olive~brown clay-mud.

Sandy clay-mud.

Dark grey sand.

Very smooth detrital clay-mud, interrupted by sand
layers at 564=6 cm. and 614 = 9 cm. and becoming

increesingly clayey below 655 cm.

P4
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714 - 880 cme Leached white sand with clay and iron stainse

Gravelly especially at c. 850 cme.

880 - 920 cme Pale brown sandy clay-mud.
920 - 1190 cm. Coarse gravels and sands in a clay matrix -

solifluction head. (equivalent to stratum 5 at

site I ?).

1190 = 1215 eme Iron stained gravel and grit in a clay-mud.
(top of stratum C.)

1215 - 1270 cme Green Marine Clay = Stratum C.

1270 + larine sands and gravelse.

Most of the sediments between 270 and 355 cm., 385 and 714 cm.
and 880 and 920 cm. are quite rich in pollen and a set of preliminary
analyses from various depths has been completed. The results are
given in Appendix JL, but since they are not yet sufiiciently numerous
to permit detailed discussion, they are not interpreted closely in
the present study. Their general implications are considered in
Chapter VI section 2.

Figure 16 is a diagramatic representation of the stratigraphic

successions both north and south of the R. de Chabiague.

iii)e Follen Zonation (Site I)e

FHASE I. (Stratum F.) The tree pollen spectra in the lowest and

highest samples are dominated by Alnus, Quercus, Corylus, Tilia and

Abies, whilst in the middle sample Finus, Betula and fagus assume

greater importance.
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PHASE II. (Strata E and D: Stratum C,220 =200 cm.). Pinus,uercus,

Alnus and Corylus are almost equally represented, with other trees
rather scarce.

FHASE ITI. (Stratum G, 200-0 om. Stratum B. Stratum A.320-210 cm.)e
Finus frequencies fall, those of Quercus and Corylus reach their
maximum during this period.

FHASE IV,  (Stratum A, 210110 cm.). Abies values rise sharply to
Ce 20 percent of the tree pollen tetal, whilst Corylus freguencies
fzll to c. 2 percent. guercus frequencies decline steadily throu-
ghout the periode.

On the basis of changes in the non-tree-pollen rain, this phase

has been subdivided into - IVa). 210 - 180 cm. laximum of Osmunda and
Filicales,

b). 180 = 160 cme Maximum Cyperaceae
frequencies,

¢)s 160 = 110 cm. Return of high Osmunda
values.

PHASE V.  (Stratum A, 110 - 40 cm.). Pinus values rise as Alnus

declines. High Abies and low Juercus frequencies are maintained.

Subdivided into - V a). 110 = 70 cm. Relatively high Osmunda
values persist,

b)e 70 - 55 cm. Coryloid (= Myrica)values
reach a maximum,

cJe 55 = 40 em. Coryloid values decline,
Gramineae rise,

FHASE VI. (Stratum A. 40 - Ocm. Stratum 0)s Pinus frequencies rise
rapidly to dominate the tree pollen spectra completely. Herbaceous

pollen frequencies rise.
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(iv)e lMacroscopic plant remainse

As yet, the only levels for which a through and systematic
analysis of macroscopic refnlins from the site has been carried out
are the three lowest samples of phase I (Oldfield 1960c) and the top

50 cme of Stratum C (Phase ITI). The results are given in Table 13.

TABLE 13, NACROSCOFIC FLANT REMAINS, MARBELLA SITE I
FPhase I. Phase III (Stratum C, 0-50cm)

Abies alba (L) @
carex spe (fre)e @
Erica cf. lusitanica (s)e @

liyriophyllum spicatum (fr)e.

Najas flexilis (fr)e.

Najas marina (¥r).

liymphaea sp. (s)e

Potamogeton natans (fs).

® ® ©® e e

Potamogeton obtusifolius (£s). @

Potamogeton pectinatus (fs) @

Potamogeton sp. (fs). @

Ruppia maritima (f). @

Abbreviations as in Table 8.
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(v)e List of photomicrographs.

Appendix IIT includes photographs of the following pollen grains

from the llarbella deposits at Site I:-

Arbutus sp. ( Fhase III, two grains), Rhododendron ponticum ( Phase V

and Phase VI), Rhododendron sp. (Fhase V and Phase VI), Erica cf.

vagans (Fhnase III), Quercus ilex type (FPhase III), Olea sp.

(Phase III), Phillyrea sp. (Fhase ITI), Oleaceae indet. ? Fraxinus ornus

(Fhase III), Fagus (Fhase V),
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CHAPTER VI, DISCUSSION. The deposits at Narbella.

(i)e The age of the deposits at site I,

The phase of vegetational revertence to coniferous woodland in
the higher pollen-analysed layers, numerous other contrasts with the
series from Le lLoura, in succession and flora, and the presence of
overlying solif'luction deposits, confirm that the successions at site I
do not belong to the post-glacial period, whilst the record of long last-
ing deciduous warm temperate woodland during the middle episodes and
the many thermophilous evergreen taxa recorded show that most of the
deposits may be ref'erred to an Interglacial rather than an Interstadial
pericd.

The topographical and stratigraphical context of the polliniferous
sediments gives no further indication of their age since no other
similar successions have been described or dated within hundreds of
miles of the site. Thus the basis for correlating the deposits with
others has to be a purely biological one, and in view of the nature of
the data, mainly a botanically one. To this end, account may be taken
of the overall flora of the deposits and of the vegetational successions
portrayed by the plant remains, especially the pollen analyses. West
(1955) has sumnmarised the main characteristics of the vegetational
successions in the various known Interglacial periods in Western Lurope.
In the light of his comments and of more recent evidence published by
Jessen, Andersen and Farrington (1959), Watts (1959) and Zagwijn (1960

and 1961), the following aspects of the liarbella flora may be noted ;-

i)e The absence of 'tertiary' pollen types in all analyses other
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than those from the marine deposits of strata C, D and E, in which

derived FPinus 'haploxylon' type was found e,

ii). The presence of Abies pollen in relatively large quantities.
iii). The presence of pollen of many evergreen shrubs, including
verious Ericaceae, with Lusitanian or Mediterrznean affinities, e.ge.

Rhododendron ponticum, Arbutus and Daboecia cantabrica.

The notable features of the pollen anlytical successions are:-
iv). The gradual rise of Corylus pollen frequencies to a
relatively late culmination.
v). The sustained importance of Alnus pollen values throughout
most of the period recorded.
vi). The succession from the middle phass of ozak-alder dominance
to a coniferous stage in which Abies was important.

vii). The absence of any zone of high FPicea or Carpinus values.

These various points refer the deposits to the Hoxnian period %
with complete certainty and there are quite close parallels in vege-
tational development between the Marbella series and those from Hoxne
itself (West 1956), which suggests that roughly the same span of time
may be encompassed at the two sites, Hoxne including much more of the

earlier episodes of the Interglacial, Marbella coming further up

e In the same category may be placed a jawbone of Elephas meridionalis
found by Duperier in the marine sediments and at present in the Liusee
de la Mer, Biarritz.

@3 Here the term Hoxnian is preferred to 'Great Interglacial' since it
carries with it no connotation of particular length or magnitude.

The same Interglacial has been variously referred to as Needian,
Holstein, and Fenultimate.,
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towards the succeeding glacial period. There are also extremely
close parallels in the composition of the flora between Marbella
and the Irish deposits of Hoxnian age at Gort and Kilbeg, where a
similar assemblage of shrubs has been recorded.

In view of the similarity between the llarbella and Hoxne
successions the following tentative correlation between the phases
and zones defined at the two sites is proposed, though with much
the same reservations as qualify the correlation of the postglacial

pollen sequence at Le Moura with those for southern England.(CheIV)

Marbella, Hoxne.
FHASE I. - ? Zone I, ¢ - e (see section v).

THASE II, and III up to c.280cm.
stratum A, - Zone II,c - d.

FPHASE IIT. c. 280 = 210 cm.stratum A.- Zone III.
FHASE IV - V. - Zone IV.

FHASE VI, - Not represented.

(ii)e The relationship between the deposits north and south of the Chabiague

At site II, the sands of strata 6 - 8, ,have been totally removed
and solifluction gravel comes down almost to the top of stratum C.
Although direct continuity cannot be demonstrated it seems very
probable that these gravels are contemporary with stratum 5 at
site I. Above the gravel at site II, over 9 metres of river-borne
sands, silts and clays occur intercalated with laminated lacustrine
muds and clay-muds. Of these deposits, a tetal of 4 - 5 metres have

been found %o contain pollen, and 31 samples have been analysed
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(Appendix II). Although from these few it is not possible to deduce
the detailed vegetational successions through the period, sufficient
information has been obtained to permit the following generalisations:-

i)« Throughout the period, pine and birch remain the dominant tree
species, and for large parts of the time, their representation is
completely overshadowed by that of the herbs. Thus none of the deposits
is demonstrably interglacial and they are almost certainly all glacial
or interstadial in age.

ii). Even the highest episodes cannot be correlated with any part
of the Full-and Late-glacial successions at Le lioura (Ch. IV).

iii)e llany samples contain pollen and spores belonging to species
and genera abundantly represented in the Site I series and hence
probably the result of derivation from these earlier deposits.

Yrom this and the stratigraphical record, it seems that a large
part of a complex major glacial phase post-dating the Hoxnian is repre-
senteds There is no conclusive evidence to relate it to either the
last glaciation (ﬁhrm, Weichsel) or the preceding one (Riss, Saale).
The complete lack of intervening deposits or weathering horizons
between this series and the Hoxnian deposits, and the absence of
parallels with the north European Weichsel successions (Andersen,
de Vries and Zagwijn 1960 and Zagwijn 1961 ) in so far as the completed
analyses permit comparison, make a correlation with the Riss more
likely. It is probable though not certain that the single pollen
sample from stratum O is contemporary with some of the lower analyses 9

Just above the solifluction gravel at site II.
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(iii)e Comments on the flora at Site I.

Abies alba, The most diagrostic remains were the leaf tips from the
lowest sample, discussed in Oldfield (1960 ¢)e Like the ones described
from Gort @, these were identical in every way with material from
present day Abies alba. In view of this and the parallel records
from Ireland, identification to the species seems quite Justified.

The role of silver fir in the vegetation of southern France at the
present day, and its post-glacial record in the srea are referred to

in Chapter IV. At larbella, the clear indication of its presence in
the immediate neighbourhood during the later parts of the Interglacial
represent only a slight transgression of the present Western limits

of' the species.

Ficea. In view of the low pollen production of spruce ( cf. Simpson
and West 1957), there is some reason for supposing that it was present
locally especially towards the end of the Interglacial, despite its
sparse representation. This conclusion is reached at Gort and Kilbeg
on the basis of macroscopic remains, which latter permit an identific-

ation to the species Ficea abies, the liorway spruce. Indications as

to spruce's tolerance of oceanic conditions are rather contradictory
but its presence in south-west France at this time, as in Ireland, shows

a striking westerly extension beyond its present day range.

@ In this and succeeding sections the deposits at Gort and Kilbeg
are, for the sake of brevity, ref'erred to without citing the authors,

Jessen, Andersen ¢ Farrington (1959) & Watts (1959) respectivelye
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Arbutus, The pollen tatrads of the west European Arbutoideae are

characterised by their large size and globular shape. Arbutuljs unedo

produces the largest and smoothest tetrads with exceptionally long
furrows, striking 'endo-cracks' and hardly discernible ektexinal

columellae (Oldfield 1959). Arbutus andrachne, an east Mediterranean

and Asia ldnor species produces similar pollen with a size range of
L6eh = 52.7 microns (Beug 1960) as compared with that of A. unedo,
LB.,7 = 61.2 (acetolysed grains). The sub-fossil grains recorded here
measured c. 45 - 50 mi. and so fell into the range of overlap.
Although the measurementslon the fossil pollen should certainly be
augmented to make them camparable with the types, since the use of
H.¥. and the absence of acetolysis would both tend to give the pollen
a smaller size, nevertheless, it is not pos:cible to say with complete
certainty from the pollen analytical evidence which of the two species

is represented. Arbutus unedo, would on phytogeographical grounds

be much the more likely, although the two species are closely related

(producing a hybrid, Arbutus andrachnoides) and Arbutus andrachne will

survive in western Burope at the present day, but only as a horticul-
tural plant.
The pollen is recorded sparsely in each phase from the beginning

of phase II through to the V/VI transition. Arbutus unedo is one

of the Lusitanian species occurring locally in Brittany and southwest
Ireland, but more extensively in south west France, Spain and the led~
iterranean region. It would appear from its present distribution to

be a rather frost sensitive species, the more so since, unlike
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Rhododendron ponticum, it does not have an extensive area of introduced

and sub=-spontanecus habitats beyond its indigenous localities, Sealy
(1950) points out that at Kew, this species has only once in the last
50 years fruited as prqfically as in Killarney. Although once estab-
lished, Arbutus is hard to kill, as a seedling it is very sensitive to
winter cold, and Sealy suggests that the limiting temperature for its
regeneration is 40° I, for the month of January. Both on the continent

and in Ireland, Arbutus unedo is not a true woodland species, being

restricted rather to scrub and woodland mergins. In the lMediterranean
area it forms a characteristic component of the scrub woodland or maquis

(macchia), along with other evergreen shrubs.

Buxus cf. sempervirens. Box pollen is present in every episode save

the laste This accords well with its occurrence at Gort where it is
recorded as persisting to the top of the diagram in which a final pine
dominated phase is lacking, and at Kilbeg, where Buxus is absent frrom
the final zone of pine-birch dominance. This evidence suggests that
box may have been eliminated from much of western Europe during the
final phase of the Interglacial, presumably as a result of climatic
deterioration. 4t the present day it has only a limited tolerance
of froste Jessen, Andersen and Farrington (1959) point out that
despite its present day continental southern distribution and prefer=-
ence in much of' western Europe for rather dry insolated slopes, it
f'lourishes under oceanic conditions when plantede In south eastern
IFrance it is a frequent element in the 'garrigua’communitias',floris-

tically rich calcicole vegetation typically furnishing only a partial
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and mainly herbaceous plant cover. It is most abundant where soil
Brosion and instability on relatively steep slopes has eliminated
many of the other garrigue species. Its preference for rather
steep unstable base rich habitats can be seen in southern England
also (Figott and Walters 1953) though it is quite capable of

surviving on base poor soils.

Calluna vulgarise The highest frequencies are contemporary with

the final phase of pine dominance though low but consistent percent-
ages occur throughout the whole of the record. In the final phase,

ling may have been growing along with Empetrum nigrum in heath commun-

ities round the mire.

Carpinus betulus. The very sparse records for hornbeam are similar

to those in other west European Hoxnian sites. It cannot have been
a very importent element in the forest at any time during the Inter-

glaciale.

Cladium mariscus. lio other west Luropean Hoxnian records for this

species are known to the author. West (1957) has recorded it from
deposits of Last Interglacial age in Briﬁﬂgh and Welsch (1917, from
coastal 'Lignites' in south west france of uncertain but probably
Interglacial or Fliocene age. The pollen of Cladium is smoother
and more yellowish-brown in colour (when stained with safranin) than
that of other Cyperaccae and it often tapers at one end to & narrow

'$ail’,
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Daboecia cantabricae. On the basis of the characteristics described

above (Che IV) and in Oldfield (1959) and Watts (1959) a few pollen
graine of this species were recorded from all but the first and last
phases. This evidence contrasts with that at Kilbeg where_Daboecia
pollen was found only in the final zone of high pine values. The
present day ecology and distribution of Dsboecia are summarised in

C. IV and in Watts (1959).

Empetrum nigrum. As with the Late-glacial pollen described in Chapter

IV, and for the same reason, the identification refers to the species

sensu stricto. The early peak is contemporary with other indications

of more open and cooler conditions and the consistent records from
phese VI coincide with the period of pine dominance and apparently rapid
climatic revertence. There is no evidence to suggest that Empetrum

was growing on the mire during either phase and it seems likely that

it formed an elerent in open heath communities during these phases of
reduced forest cover. It may,in this case, be justified to infer

guite oceanic conditions during these periods, a conclusion which

would not be contradicted by any of the pollen records combtemporary

with the Empetrum values.

Ephedra cf. distéechya. The single pollen grain from Thase IV appears

to be the only west European records for this type from this Interglacial

periode
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Erica of. arborea. This single pollen record is not quite certain,
despite the presence of the rather characteristic ornmamentation of this
species (Oldfield 1959). It is a species typical of the Mediterranean

'Jaguis' where it of'ten grows with Erica scoparia, Arbutus unedo and

other evergreen shrubs. Its presence in the 3panish Pays Basque is
undisputsd (Guinea 1949, de Benito 1948, Rikli 1943) ‘though authorities
appear to disagree about its presence in south west I'rance (ef.Fournier
1946 and de Penito 1948). As well as being widely distributed in southern
Burope, the same species dominates one of the characteristic montane
plant communities in East Africa (Hedberg 1951). A post-glacial record
exists for this species in France (Braun-Blanguet 1933), though it is

hard to say how reliable the identification is.

Erica cf. lusitanica. This record of a single seed is discussed in
0ldfield (1960 ¢). Until some more material of a similar type can be
found at the site, it seems wisest to consider the ddentification
rather tentative, especially since the distinction between this seed

type and material of Lrica tetralix is only slight.

Lrica cf. vagans. Pollen of this type was fairly frequent, though the

state of vreservation did not permit identifieation with complete
certainty. Confirmation of its existence would be especially inter-
ssting in view of its presence in the post-glacial levels at Le lNoura
and its disjunct distribution in morth west Europe (Chapter IV).

Erica vagans pollen can bs distinguished from that of B, mediterranea

only on the basis of its shape, the former being lobed, the latter sub-
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triangular. With poor preservation, the Erica vagans tetrads tend to

'Collapse' and this gives rise to forms intermediate between the two.
Such types were observed throughout the series and it is thought that

those referred to as_E.cf. mediterranea in Oldfield (1960c) may in

fact be poorly preserved grains of HEevaganse

Zricales indet. liost of the tetrads within this group were almost

certainly very battered specimens of thﬁendron ponticum, with their

ektexinal ormamentation, completely altered by decay. A few grains

resembled those of Erica scopariae. . This predominantly west liediterr-

anean sandy heath species has been recorded macroscopically at both
Gort and Kilbeg, and it will be interesting to see whether further
macroscopic analyses at Marbella will confirm the tentative pollen

identification.

Yagus sylvatica, Besch pollenivalues reach 16 percent of the tree

pollen sum in the middle of the three basal samples. The association

of beech with birch, pine and Empetrum nigrum at this level, coupled

with the absence of many of the thermophilous species present in the
samples above and below is taken to indicate a cool climatic phase

discussed more fully in section (v)e A continuous curve for Fagus
is recorded during phase T and the early part of ITI, though it must
be remembered that the sediments during this period are marine clays
and silts etc. and so the I'agus pollen could be derived from earlier
deposits. Above this level the only consistent representation of

Fagus is contemporary with the high Abies frequencies of phases IV and



171

V and comes in part from peat deposits where derivation could not
have taken place. Although Fagus frequencies are low at this time,
reaching 2 percent in only one sample, the association with Abies

is interesting in view of the close ecological links between beech
and fir at the present daye.

This evidence comprises the only firmly established record of Fagus
on the mainland of western Zurope between the early Juaternary Tiglian
period and the latter half of the post-glacial. In Britian, the only
comparable record is of cupule fragments from layer B at Gort. This
stratigraphical horizon is roughly coutemporaneous with the final
recorded phases of the Interglacial there, in which Abies is consist-

ently recorded. This is an interesting parallel with the record at

lMarbella. In conclusion, it seems justified to admit Fagus sylvatica

to the Hoxnian flora of Western Europe,

Yraxinus excelsiors Identification to the species on the basis of

pollen would seem to be justified (Beug 1960). Pollen of Fraxinus

is a regular constituent of Hoxnian spectra from north west Lurope.

Hedera helixs As at Kilbeg, ivy is missing from the final pine

dominated episode. It is a frost sensitive species at the present

day (Iversen 1944)s

Ilex aquifolium, Holly is recorded regularly from Hoxnian deposits.

Its presistence into the final zone at llarbella is something of an
anoimaly in view of its present day extreme sensitivity to heavy
frost (Iversen 1944), and the behaviour of most of the other ever-

green species in the diagram.
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Juniperus spe. The single pollen record for the middle sample in
Fhase I can be matched by much higher frequencies in Irish Hoxnian
deposits. The associated flora, here as in Ireland, suggests an
identification with J. communis, since the evergreen thermophilous

species which would be the probable associates of I oxycedrus and

other llediterranean species, are totally lacking in this sample.

Ligustrume This large reticulate grain probably refers to Ligustrm
vulgare, a south Zuropean and north African ealeicolous shrub quite

common in southern Lngland.

lyrica gale. The peak of Coryloid frequencies at 60 cm. (Stratum A)

comes towards the top of a fen stage and the bulk of the pollen in
question was undoubtedly that of iiyrica,(Jentys-Szafer 1928). Fart
of the Coryloid frequency in the bottom sample of all was of the same
type. Bog myrtle is also recorded at Kilbeg. Recently, a number
of post-glacial sites have come to light where a striking increase in
Coryloid (ef. liyrica)frequencies coincides with the earliest stages
of bog development above fen and carr peats - e.g. at Cockerham loss
(Oldfield and Statham unpub.), Ellerside Moss (0ldfield and Statham
in the press) and Racks loss (Nichols unpub.)s The role of liyrica
at this stage in the hydrosere can be observed at Woodwalton en at
the present day, whilst [earsall has noted this in the Lake District
(1918) in such areas as North Fen, Esthwaite and Blelham Tarn Bog.
Lot until the macroscopic remains from this depth have been examined
can this tentative indication of temporary ombrogenous deve lopment

be confirmed. In the Landes at the present day, Lyrica grows on
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damp base poor sand and in shallow terrestr@ﬂl peat close to the

margins of some of the Etangs.

liyriophyllum spicatume. Both pollen and fruit records exist for the

brackish horizon at the top of stratum C whilst pollen occurs in both

earlier and laster episodes. Like Najas flexilis, lyriophyllum spicatum

is not characteristically a species of' brackish water. It shows a

strong preference for base rich lakes at the present day.

lyriophyllum verticellatum. The lower part of stratum A& includes

high pollen frequencies of this species which, like the above, is
mainly found in base rich waters todaye It has not been recorded

in any British deposits of Hoxnian age.

lajas flexilis. Hoxnian records for this species exist at Gort and

Kilbege It was much rarer than N. marina at the top of stratum C,

and it is not recorded today from brackish waters.

liajas marina. Godwin (1956) lists finds of liajas marina from English

sites representing all three interglacial periods. It occurs at
Larbella along with other remains of aquatic plants at the top of
stratum C, where the indications &re of a brackish water environ-
mente At the present day, within Scandinavia, it is restricted to
brackish water habitats thPough during the post-glacial period in
Sritiian and on the continent, it thrived in base rich lakes in inland

situations.
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Ulea sp. The identification of the pollen and doubtfully native
status of the olive in ELurope has been discussed in chapter IV.

The two pollen grains recorded here are found in association with
those of other evergreen scerophyllous types e.g. Fhillyrea.

The only sub-foseil records of olive other than these and post-
glacial ones, are from late Tertiary deposits (quoted in Turrill1952),
More records are needed, and preferably macroscopic ones, before these

isolated Interglacial records may be evaluated.

Osmunda regalis. lost of the pollen of Osmunda type was guite

definitely of this species and further more, its fronds are common
in the peat from phase IVa. It is also recorded at Gort and Kilbeg,

though Yest (1956) refers the material at Hoxne to Usmunda claytoniana.

Some few of the Usmunda type spores could not be certainly referred to
O. regalis. They may represent 0. claytoniana or a species of

Hymenophyllaceae. In view of the restriction of Usmunda regalis to

southerly coastal situations in Norway at the present day (Faegri 1960),
it is interesting to note its persistence up to the phase V/VI transition
but not beyond.

Fhillyrea, Beug's comments on Oleaceae pollen (1960) have helped to
confirm these initially tentative records (Oldiield 1960 c)e \hereas
all three European species are importent elements in liediterranean

plant communities including the characteristic 'garrigue' of south

east France, P, media and F. angustifolia may also be found in south

weet France and lNorth Vest Spain in sand dune and bare limestone

habitats (Rallet and Jovet 1955)+ Like Buxus, the records cease before
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the final zone. In addition to the various specific and genmeric
identification within Oleaceae listed here, a few unidentified
grains of this family remained, some with long furrows, a charact-

eristic feature of the pollen of Fraxinus Crnus.

finus sp. The pollen record here was almost all confidently refer-

able to Finus sylvestris (cf. Ch. IV)e Once again, the Irish Hoxnian

sites include identifications to this species on the basis of macrosc=-
opic remainse. “rom the larine sediments of phases 2 and early 3, a
Iew 'haploxylon'type grains were recorded, presumably from earlier
Tertiary materiale They help to account for the higher pine values

during this periode.

Quercus ilex types The few isolated records hardly constitute a firm

basis for considering the holmoak a certain ingredient of the local
vegetation, especially in view of poscible confusion with pollen of

Quercus coccifera (Beug 1960).

Fotamogeton obtusifolius. West (1956) gives a tentative record of

this species from the 'Late-glacial' layers at Hoxne. Its presence
in the lowest sample from the site is interesting in view of this and
of the concentration of British sub-fossil records in the Allergdperiod
(Goawin 1956)s It reaches 69° north in Scandinavia at the present

day and does not occur south of northern Spain.

fotamogeton pectinatus. This is an almost cosmopolitan pondweed charac-

teristic of brackish (or base rich) water, so that its abundance (over

250 fruitstones were recovered) along with other brackish water species
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at the top of stratum C is not suprising. Godwin (1956) lists it

from each interglacial in Britaine

Rhamnaceae., Lack of any reslly distinctive and well preserved grains
mede it impossible to attempt identification to the generic level. The

pollen type could thus represent either Frangula alnus ( recorded at

GCort and Kilbeg) or a species of Rhamnus, some of which, e.g. Rhe
alaternus, are common associates of the other evergreen shrub taxa
recorded here.

Rhododendron ponticum. The characteristics of the pollen of this

species are described in Oldfield (1959). The records come mainly
from the earliest and latest phases and the highest and most contin-
ous representation is during phases IV and V, with high Abies values.
At Gort, seeds and capsules of this species were found contemporary
with the phase of Abies representation towards the end of deposition
there and pollen frequencies of almost certainly the same species also
fall into the Abies zone. ILven higher pollen values come from the
contemporary phase at Kilbeg. The highly disjunct range of Rhododen-

dron ponticum, &round the Black Sea, in Lebanon and round the southern

tip of Iberia mekes these fossil Interglacial occurrences (among many
others summerised by Jessen, Andersen and Farrington) of great phytog-
eographical interest. Clearly the present day distribution of this
species is exceptionally disjunct as a result of fragmentation since
the Hoxnian of a formerly wider and more continuous area embracing
much of Western Europe at least.

As an introduced species into western Europe, Rhododendron

ponticum shows a wide range of climatic tolerance with however a
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preference for rather moist conditions and acid soils. Its climatic
tolerance certainly exceeds that of many of the other Lusitanian and
Mediterranean species recorded here as is illustrated by both its
present day naturalised range and by its concentration into the
latest stages of all the Hoxnian sites considered (most of the Ericales
records from Fhase VI at liarbella are almost certainly very badly
preserved tetrads of this species). The guestion thus inevitably
arises of why its present day area should be by far the most restr-
icted and disjunct. The amswer may lie in its strong preference for
acid humus solils, since the phases of solifluction activity recorded
during glacial and late-glacial episodes appear to have limited the
occurrence of such habitata over very wide areas of western Europe

at the end of each glaciation. Other less obvious factors of dis-
persal and competition may also be involved though presumably not

biotype impoverishment.

Rhododendron spe. The single grain in question was similar to the

above but much smaller (ce. 35 mi.). Rhododendron ferrugineum and

lapponicum produce tetrads of this appearance and size.

Ruppia maritima This species, which is exclusive to brackish water

at the present day, has not been recorded in any British Hoxnizn

depositse

Sanguisorba officinalis. In view of the disjunct montane distribution

and overall scarcity of this species in the area today and especially
to the south in Spain, it is interesting to mote that its only freque-

ncies at liarbella are from the nighest levels of more open vegetation
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comnunities and probably cooler climate. The Irish Hoxnian deposits
do not include records of this species though its fruit was recorded

at Hoxne by Reid.

Thymeliaceas, This family, predominantly one of evergreen shrubs

( e.g. Daphne sppe) includes species which together embrace an
extremely wide range of tolerance at the present day. The thick-
walled spherical pollen is periporate and reticulate with the pores

about the same size as the lumina in the reticulum.

Vitis sp. Although there are no Eritish parallels for this Interglac-
ial occurrence, vine remains have been reccrded in Hoxnian and earlier
Interglacial period on the continent (Van der Hammen 1951)e The

absence of pollen of this species in the final phase is noticeable.

(iv)s Stratigraphicel and hydroseral successions at site I.

The lowest deposits recorded are those yielding the three samples
discussed in Oldfield (1960c), and referred to as stratum F, Neither
their thickness nor their depth below the other sediments is knowne.
They represent deposition in open fresh water, and from the presence

of Cladium and lyriophyllum spicatum pollen in the upper and lower

samples it may be inf'erred that they were laid down under eutrophic
conditions. The middle sample lacks any indication of the base
status of the lake water at the time.

The sands, silts and clays of strata E, D and the lowest 70 cm.
of stratum C contain, at various levels, remains of molluscs, notably

species of Ostrea, Cladium and Scrobicularia,clearly indicating the Ta-Sabik

marine origin of the deposits. Throughout most of these sediments,
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'haploxylon' type pollen and 'Hystrix'were found, suggesting deriv-
ation from Tertiary sources (qv. Iversen 1942).

Between 150 cm. and the top of stratum C, there is a gradual
transition from estuarine clay-silts to lake muds. The later stages
in the trensition are marked by macroscopic remains of predominantly
brackish water plants,listed in Table 13 and discussed separately in
section (iii)e The layer of beach sand overl%ying this horizon of
temporary marine regression suggests that the fresh-brackish water
body recorded at the top of stratum C can have been no more than a
temporary coastal lagoon quickly overcome by marine sediments
through either a further rise in sea-level or the onshore advance of
a bay bar or spit.

These overlying beach sands are interrupted in the northern half
of the section by a narrow contorted mud hed, stratum B. The field

records of Fotamogeton pectinatus from the deposit and its position

between the beach sediments, as well as its small lateral extent
suggest that this mud layer too reflects an ephemeral coastal lagoon
feature, Similar conclusions have heen reached for analogous post-
glacial 'buried peats' forming lenses in marine sediments in many parts
of Britain (e.g. Oldfield in Gresswell, 1958).

The onset of organic accumulation above the upperlbeach sands, at
the base of stratum A is marked by rather sandy lake muds which persist

up to 210 cme The presence of liyriophyllum verticellatum and Cladium

mariscus pollen during this phase points to eutrophic lske waters with
a fringing Cladium reedswamp.

The transition to f'en deposits is very sudden and coincides with
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the Phase III/IV boundarye The pollen record suggests that during

the early stages of overgrowth, Osmunda regalis was associated with

other fen species and Cladium. Bellis type pollen is recorded at

this level and it is worth noting that the pollen of Bidens falls
within this type (cf. West 1956).

The high Osmunda and Filicales values (IVa) are followed by a

peak in Cyperaceae pollen frequency (IVb) which, in view of the peat
type almost certainly represents a Carex species, whilst the contem-

porary peak in Alnus may represent participation of Alnus glutinosa

in the local succession, perhaps forming, along with the sedges, =
local fen carr.

From this horizon to the top of Va, high Osmunda and Alnus values

présist and there is a continuous Cyperaceae curve., The peat type

indicates fen conditions. The rapid rise in Coryloid (lyrica)pollen

frequencies in Vb suggest the spread of bog myrtle thickets over the
preceding fen. Lslucidation of the succeeding hydroseral developments
will depend on a more detailed examination of the macroscopic remains
from the top 40 cm. of stratum A, though it is certain that some species
of Carex remained an important constituent of the local vegetation,
since the nutlets are expecially frequent., It is not possible to say
with certainty yet whether the lyrica peak reflects incipient bog
development as was tentatively suggested may have been the case (section

iii)e The reappearance of lyriophyllum spicatum and Sparganium type

pollen at the top of the stratum may indicate a rise in water level.
In this connectdon it has already been noted (Ch.V) that the upper

cart of this stratum as it thineg out southwards towards the Villa
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Marbella, occurs intercalated with beach sand. The whole of the
stratum is overlsin by beach sands (stratum 6) eventually.

In order to deposit beach sands above the fresh water and fen
deposits of stratum A, the sea-level must have risen either more or
less pari-passu with organic accumulation during the deposition of
stratum A, but excluded Irom the fresh-water area by some obstruction,
or suddenly somewhere towards the end of the periods Since the depo-
sits are mainly fen and open water sediments, their deposition implies
some obstruction of drainage. The rapid alternation of fresh water,
brackish and marine sediments between stratum A and st. C, and the
presence of continuously deposited beach sands to the south west of
stratum A are both indications that the estuary in which the sediments
were accumulating was not separated from the sea by any solid or perma-
nent obstruction. Impeded drainage below stratum A was certainly
produced only by ephemeral coastal features such as bars and spits and
it is difficult to see low the same effect could have been achieved at
a later stage and a higher level in any other way. It thus seems more
than likely that the obstruction to free drainage allowing the accumula-
tion of stratum A was a bar or spit. In this case, sca-level during
the period of depositicn of stratum A is not likely to have fallen far
below the level of deposition of the organic sediments, otherwise it is
difiicult to see how the drainage could have remained impeded.

The solifluction gravels which truncate the beach deposits over-
lying stratum A become less continuous at higher levels and occur as

lenses in more sandy deposits. Above these, between 311 and 316 cm.,
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the succession of narrow bands may be interpreted as a highly
compressed podsol profile. The topmost band of black muddy
material re resents the former humus layer, the underlying

white sandy clay a leached 'A' horizon and the underlying iron
pan, the 'B' horizon of mineral accumulation. Bearing in mind
Dimbleby's comments on pollen preservation in acid humus (1957)
it is not suprising to find a good pollen flora from this level
(stratum 0). This narrow layer is discontinuous and highly
contorted. From its context, it would seem reasonable to relate
this to eryoturbatic processes.

The origin of the overlying deposits of strata 3 and L,
comprising mainly sands and clays with beds of coarse grit and
pebbles, is not clear. They must be redominantly water-borne f9[
and they seem to be rather similar to‘the deposits described by
Van der Hammen (1951) from periglacial melt-water channels.

The cemented iron pan layer at 195 cm., separating strata 2
and 3 is probably the 'B' horizon of a truncated soil profile
similar to stratum O, in which case, it represents a period iree
from Local solifluction, melt water activity or deposition, per-
mitting some degree of sub-aerial chemical weathering. The over-—
lying deposits of stratum 2 are very similar to those of strata
3 and 4o Only 60 cm. of loose dune sands overlie stratum 2, and

these are very recent in origine
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(v)s Vegetational and climatic successions at site I.

FHASE I,

It has already been suggested that the changes in pollen
frequency between the three szmples of phase I record a climatic
oscillation, & warm period followed by a cooler phase and then
another warm phese. The lowest and uppermost samples do not
include any taxa more thermophilous than members of the present
day flora of south west Irance though the presence of lediterranean

types along with Tilia, Carpinus and Abies all trees commoner

further north or east in Europe than in the area itself, led Oldfield
(1960c) to postulate rather more continental conditions than those
prevailing in the Tays Pasque at the present day. It would perhaps
be safer to say that neither summer nor winter temperatures can have
been lower than at present nor the climate as a whole less favourable.
The only species recorded in these samples with a northerly or upland

distribution are Abies and Potamogeton obtusifolius.

The pollen spectrum from the middle sample suggests local plant
communities similar to those at middle altitudes in the Iyrenees at
the present day, particularly those at ce 1600 m. where beech and
fir woodland begins to give way to less densely shaded pine forest
with scattered birches and some development of Callupna and Empetrum
heaths, though analogy with present day communities must not be
carried too far or teken too literally. Certainly the vegeatation
recorded indicates lower temperatures than in the preceding or
succeeding samples, the absence of Tilia and the llediterranean

element, together with the presence of Rhododendron ponticum,
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suggesting that a decline in summer warmth and perhaps insol-
ation took place rather than any notable fall in winter temper~
atures. Thus the changes deduced would accord well with a
tendency towards cooler but especially more oceanic conditions.
The records of pine and the heath species at this time and the

lack of Cladium and Myriophyllum spicatum pollen, both present

in the bottom sample, may reflect some local decline in base
statuse

At the base of the Hoxne series, West (1956) describes a
brief climatic oscillations A period during which birch appears
$0 have migrated into the area and to some extent spread over
existing Higgophge scrub is succeeded by a phase of reduced birch
cover, redevelopment of Higgoeh;e dominated communities and solif-
luction round the lake's edge. West suggests rather tentatively
that the factor responsible for the revertence from birch woodland
back to scrub may have been increased wind pressure whilst that
responsible for the return of solifluction may have been higher
precipitation. FHe also suggests that at no stage during the
period was the climate truly arctic nor even probably sub-arctic
( i.e. cooler than areas at the present day limit of forest).
‘he high HiEEth;a values are considered to be a reflection of
especially favourable edaphic conditions and low competition
pressure.

The birch phase at Hoxne also includes records of Quercus,

glmus and Alnus pollen in very small quantities, not sufficient to

indicate local presence, but suggestive rather of long distance

1/
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transporte Their occurrence in this phase and not in those above
and below marked by high frequencies of derived spores and pollen
and by solifluction activity suggest that their presence is not the
result of derivation.

Szafer (1953)records three Polish Hoznisn Interglacial sites
at the base of which a phase of birch dominance is sandwiched
between pine-sprdé episodes. The sites are widely separated and
it is difficult to escape the conclusion that the changes recorded
ref'lect some climatic oscillation, though the author makes no attempt
to interpret them in the English section of the papers

Un the basis of the evidence from Hoxne and Poland, it seems
safe to say that some climatic oscillation or oscillations took
place towards the beginning of the Hoxnian period. There is no
question of detecting close parallelisms between the evidence from
darbella and that from Foland, though it would seem Justified to
make some preliminary mention of certain points of resemblance with
the episodes described at.Hoxna:-

i)« At both sites, during the cool phases, the climatic is
thought to have been far from severe, and the changes at each site
are consistent with incressed oceanicity.

ii)e The thermophilous tree pollen recorded in very small quan-
tities in the 'warm' phase at Hoxne are all represented in the bottom

sample at llarbella, Juercus and Alnus being the most abundant tree

pollen types there.

iii)e Potamogeton obtusifolius has been recorded (tentatively at

Hoxne) from each series at this point and not above, though investi-

gations of macroscopic remains at larbella are not completed.
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The parallelisms seem not sufficiently close or indicative to
Justify a correlation between the series at this point though it
remains a possibility, the implications of which are considered
further in the final chapter. llore evidence is needed from these
inaccesible lowermost layers at liarbella, especially the meansifor

taking closer pollen samplese.

FHASE TII.

Since the values for coniif'er pollen types, Abies, Finus and

Ficea, during this phase have almost certainly been augmented as
a result of the mineral nature of the sediments, pasrtly through
derivation from older deposits, it would not be valid to consider
this period as an early temperate stage in the sense used in West
(1956)« Unsampled deposits, and perhaps a considerable span of
time intervene between the analyses of stratum I (FPhase I) and
these and besides in the top sample of phase I, the non-marine
sediments contain little pine pollen, no spruce and & good many
thermophilous types, most of which are also recorded in phase Il.
Since the pollen frequencies in phase II are undoubtedly affected
by the conditions of deposition, since the gemeral indications are
in the main similar to those in phase III and since, during phase
III the representation of shrub and herb pollen types is fuller,
largely as a result of better preservation and hence more critical
identification, there seems little point in discussing the vegetat-

ional development in Thase II separately.
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PHASE TIII.

There are few consistent changes in nen-aquatic pollen flora
throughout the whole of this phase. Oak and hazel gradually rise
and fall, birch and elm frequencies are lowest =t the end of" the
phase, whilst no Iraxinus pollen is found in the top 100 cme or so.
The changes in Alnus frequency are rather sharp and irregular with
& slight tendency to consistently higher values towards the end of
the phase.

It is possible to go some way towards dividing the taxa present
into ecological groups in an effort to understand the nature of tithe
climax plant communities during this the cumination of the Inter—

glacial period.

i)e  Alder woodland. The very rapid changes in alder frequency

suggﬂstﬂi&at some of the pollen rain comes from local stands of
vbincsa

élgggl&round the edges of the lakes It is unlikely that any other

Alnus species is represented during this part of the series and

moreover, Alnus glutinosa has been recorded macroscopically from

the same interglacial at Gort and elsewhere., It is impogsible

to say to what extent alder contributed to the plant communities

beyond bordering carr woodlamd around the edge of the lake.

Jo other pollen types show synchronous variations with alder and

it seems inlikely that the steep rather well drained slopes of' the

surrounding area provided extensive habitats for alder.
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ii)e Oak woodland. A4s in the same area throughout most of the
post-glacial period (Ch. IV) the other forest trees of the mixed
oak woodland remain permanently subsidiary to the oaks themselvess
The relatively high elm and lime values found during episodes in
the middle of the Hoxne series are not found here, nor are the
abundant yew pollen records characteristic of the western Irish

gort seriess The close association between Juercus and Corylus

indicated by the perallel trends inueach is interesting in the
local context in view of the equally close relationship between
the two demonstrated during the course of the post=glacial
Asturian 'clearance phase' at louligna (Oldfield 1960b).
Doubtless, in both cases, hazel was forming the understorey of
oak woodlend, though it is a little suprising to note the extent
to which, under such a situation, its pollen is recorded in the
analyses, since it is well known that hazel pollen production is
greatly reduced under shade (Faegri & Iversen 1950). The oak-
hazel element throughout almost all phase III forms consistenly
over 70 percent of the total pollen rain and no doubt temperate
deciduous woodlend, very similar to that recorded in the area
during the post-glacial period, formed the most extensive plant

community in the area.

iii). Evergreen shrub communities. The pollen of evergreen shrub
taxa is extremely abundant, much more so than in post-glacial deposits
from the area. In terms of present day geographical ranges and
edaphic preferences, the group is a rather heterogeneous one, with

contrasts between lMediterranean, predominantly basiphilous gemera:
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such as Olea and Fhillyrea and eu-cceanic heath species, Erica

- cf. vagans and Ddbgcia cantabrica. Other types of wider present
A

B day geegraphical edaphic affinities include Buxus sempervirens,

Llex aquifolium, Hedera helix. At the present day, species in

the first group are pften associated wi$h members of other taxa
recorded in the pellen diagram e.g. species of Rhamnaceae

(Rhamnus alaternus), Thymeliaceae (Daphne gnidium), Lonicera

(Lonicera etruscus) as well as Buxus and Yuercus ilex and

coccifera in the mediterranean calecicole 'garrigue’ communities,
though most of the texa in guestion do occur beyond the strict
limits of mediterranean climate and the 'garrigue' phytocenoses.

Lt would therefore be unjustified to deduce the presence of
garrigue communities, especislly since these latter =t the present
day are certainly anthropogenic (gve Marres 1955) in large measures.
Lqually, and for much the same reasons, it would not be valid %o

deduce 'maguis' communities from the presence of Arbutus, Erica .p,

arborea and E. cf. scoEafia. lievertheless, many of the taxa
recorded are at the present day considered faithful gpecies to the

Quercus ilex association and degraded stages of this by the French

phytosociologists of the 'Montpellier' school (Braun-Blanquet 1936).
This is not to say necessarily that the associations have, as envisaged
by Braun-Blanquet and his followers, survive. as associations in his
strict sense, more or less unchanged through the Quaternary vicissi=-
tudes of climate (gv. Poore 1955).

The presence of these taxa, as well as Artemisia spp. and

Flantago certainly point the existence of areas of reduced shade and
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probably some fully insolated slopes. Sealy (1950) points out that

Arbutus unedo, even in South-west Treland, is not a shrub of dense

woodland but of rather more open shrub communities. The areas of scanty
tree cover almost certainly existed along the steep sides of the local
valleys and ravines, rather than on the plateau tops. Such steep and only
partially forested slopes would provide suitable habitats for all the
evergreen species considered, as they still do for many of these same
plants in the Spanish Pays Basque today (Table 14). Thus, it is suggested
that the oak-hazel woodland dominated the platezu arcas and gentler
slores whilst evergreen basiphilous shrub communities covered lees
densely forested areas on steeper valley sides. At the present day,evem
af'ter a long period of disturbance and human inteyfereénce, the most
floristically rich habitats in the area are the ravines where very rich
mixed wooaland survives along with rarer herbaceous and cryptogrammic
species and an extremely rich evergreen shrub flora in sheltered sites

of discontinuous forest cover (V. and P. Allorge 1941).

The decline in osk and harel freguencies towards the end of
this phase is accompanied by an increase in alder representation.
Although this could mean merely that alder expanded in nearby habitats,
became over-represented in the tree pollen rain and hence reduced oak and
hazel frequencies, it will be noted that the oak and hazel decline is a
gradual and irreversible trend in the diagram and, moreover, the period
of falling oak and hazel values is the one in which most of the records
for the ericaceous heath species begin. The increased representation

of these heath species is contemporary with the persistence of



I 3]

TABLE 1L. List of evergrcen shrubs and low trees recorded in the rich

woodland and scrub of the ravines in the Spanish Pays Basque.

(V. and P. Allorge 1941 pp.93-94).

Arbutus unedo
Calluna vulgaris
Cistus salveifolius
Laboecia cantabrica
Japhue cneorum

Japhne gnidium

Daphne laureola L.ssp.Philippi G.G.
Lrica ciliaris

Lrica cinerea

Erica arborea

Lrica lusitanica

Lrica scoparia

Lrica tetralix

frica vagans

Genista decipiens

Genista hispanica L.ssp.occidentalis Rouy.
Genista pilosa

fledera helix

Hypericum androsaemum

Ilex aguifolium

Juniperus communis

Fhillyrea angustifolia

Fhillyrea media In addition,the Tollowing species
Figtacia lentiscus (non-everzreen)are recorded by
Quercus ilex Allorge and the genera to which they
Quercus suber belong are recorded at larbella.
Zhamnus alaternus

Sarothamnus cantabricus Acer campestre

Sarothamnus scoparius aAlnus glutinosa

Rosa sempervirens Betula verrucosa

Smilax aspera Corylus avellana

Ulex europaeus fagus silvatica

Ulex gallii Traxinus excelsior

Ulex nanus Ligustrum vulgare

Vaccinium myrtillus Lonicera periclymenum

Viburnum tinus Quercus,Ulmus and Salix species.

Tilia cordata

32 out of the 81 tree and shrub species listed by Allorge are either
recorded at Marbella or belong to genera which are recorded there.
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many of the mediterranean thermophilous and basiphilous taxa and the
problem of reconstructing the ecological and environmental changes
recorded during and beyond this phase is considered in the next
section, for the same trend continues into phass IV. During no part
of Phase III do the plant communities reconstructed enforce the deduc-
ticn of climatic conditions differing radically from those prevailing
in the area at the present daye. Unless the recorded taxa included

at the time, much less demanding biotypes than they do at present, it
would seem safe to conclude that neither winter nor summer tempera-
tures can have been lower nor the climate in any way less favourable

then at the present daye.

PHASE IV.

The transition to this episode coinecides with stratigraphic and
pollen snalytical indications of fern dominated plant communities
spreading over ths open water and reedswamps of the previous pericd.
During Phase IV, the wide and rapid variations in Alnus frequency,
presumably as a result of local successicns involving alder-carr,
obscure some of the changes in the other tree pollen curves.

The expansion of Abies in the area is accompanied by indications

that pine too (almost certainly Pinus silvestris) increased in impor-

tance locally. Although Corylus and Tilia appear to have virtually

dizappeared from the local vegetation at this time, oak species persis-
ted along with quite a few of the evergreen thermophilous shrubs,

notably BuxUs, Fhillyrea and, for the earlier part of the period,
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Vitis and Hedera. It thus seems unlikely that the ecological changes
were the result of climatic deterioration, since hazel is a good deal
less sensitive to frost or to low summer temperatures than many of the
surviving species. At first sight, an explanation in fterms of soil
deterioration seems equally unacceptable, for although both Tilia and
Corylus prefer relatively base-rich soils, Corylus is certainly no
more demanding in this respect than either Buxus or the Fhillyrea
species. This anomaly would appear to resolve itself in the context
of the palaeo=-ecclogical reconstructions of the various plant communi-
ties during the previous phase. It was suggested that the evergreen
shade intoclerant shrubs probably grew on the steep valley sides,
leaving the plateau tops to oak woodland. If, as would be expected,
soil deterioration proceeded more rapidly on the gentler slopes and
plateau tops than on the most precipitous slopes, where coustant
mechanical exposure of bed-rock would maintain a high base status,
then some replacement of the oak-hazel woodland by more acidophilous
species would be expected to take place at the same time as survival
of the basiphilous shrubs’in the ravines. That species of oak survi-
ved longer than hazel under such circumstances is only to be expected

from the ability of species such as Quercus petraea, toza and more

locally robur to tolerate extremely base poor conditions. The persis-

tence of the heath species Rhododendron ponticum, Daboecia cantabrica

and Lrica cf. vagans which began to expand towards the end of the last
phase, up into this period, is consistent with this theory. It is

not possible to say to what extent the deduced deterioration in soil
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base status was the result of climatic change or the culmination of a
trend towards acidification ivherent in the nature of the local bed-
rock, the pre-existing climate and the climax vegetation of the Inter-
glacial. If climatic change were the cause, the trend would probably
be towards increased oceanicity, in which case, it would be difficult
to explain the coincidence between the beginning of the phase and the
onset of f'en development over reedswamp and open-water at the point

of sampling.

PHASE V.

It is difficult to suppose that the increase in pine frequencies
and decline in alder represents an actual ecological replacement over
the same ground. The decline in alder frequencies may be related to
hydroseral changes, in which case, the expansion of pine must be

viewed as something indeg§pendent. Since records for Hedera Phillyrea

and Osmunda regalis still persist into this phase and since there are

no sure indications that the local woodland was interrupted by anything
more than occasional patches of ericaceous heath, it would not seem
correct to infer that the climate had become significantly more severe.
All the evidence from the pine-fir phases towards the end of Hoxnian
diagrams from Gort, Kilbeg, Hoxne and Clacton (Pike and Godwin 1953)

tends to reinforce this deduction.

PHASE VI.
The return to pine dominance with the virtual exclusion of the

other tree species seems surer evidence of climatic deterioration,
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especially when coupled with the records for Empetrum nigrum (cf.

Ch. IV) and increased frequencies of Artemisia and Chenopodisaceae,

predominantly heliophilous taxa. The isclated pollen record of

Llex thus appears as something of an anomaly. Rhododendron ponticum

certai:ly persisted into this episode though and most of the Zricales
grains are almost certaiily very poorly preserved tetrads of this
species.

The final sample from stratum C also records pine woodland with
some open areas and a rather cool though not an arctic climate.
A layer of solifluction deposit intervenes between this sample and
the top of stratum A, therefore stratum O must represent some episode
later than the Hoxnian Interglacial. Although there is no cause on
either floristic or stratigraphic grounds to place it later than the
ensuing glaciation (Riss, Saale), it could conceivably relate to
some cool phase¢ during the last Interglacial or the last Glaciation,
(see section i of this chapter).

(vi). Changes in sea-level.

In phase I, the deposits certaiily accumulated above the highest
tide level, perhaps considerably above. Allowing something like the
present tidal range for the period, this means approximately 5m.
above mean sea-level at the tine. Since, at the present day, the
deposits fall well within the February tidal range, thus permitting
their exposure for sampling, once an exceptionally severe storm has
uncovered them, they must be no more than I or 2 metres below present

mean sea-level, though, since they occur lower than stratum E, they
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cannot be higher than 2m. above present mean sea-level. From this
it is clear that at the time of deposition, sea level must have been
more than 3 metres below its present height during phase I. It has
already been tentatively inferred that these episodes date from an
early part of the Interglacial period, perhaps contemporary with the
Late-glacial phase at Hoxne. No doubt the low sea-level at the time
is in part a reflection of eustatically lowered sea-level before the
complete melting of the ice-sheets of the preceding glaciation.

The top of stratum C records temporary marine regression during
the middle, apparently optimum part of' the Interglacial. The level
of the brackish deposits at this horizon reaches 9.3 m. above mean
sea~-level at the edge of the basin where compaction is least. At
the time ol deposition, these scdiments must have been guite close to
mean high tide level and =go mean sea-level at the time must have been
something like 6 metres higher than at present. Beach sands are
recorded hardly interrupted for a further 3.6 m. above the top of
this temporary 'regression' horizon. The fresh water deposits above
this do not indicate any substantial marine regression since deposi-
tion of beach sands continues interrupted to heights greater than the
top of stratum A just to the south of the Villa Marbella. (gv.
Section IV). The highest beach sands above stratum A show that even
after the final phase of pine dominance and apparent climatic deterior-
ation, sea-level continued to rise, giving beach sands up to 16.7
metres above present sea-level. Allowing for some settling and com-

paction, mean sea-level at the time must have been at least 15 metres
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above its present height and perhaps considerably more, since the
beach sands are everywhere truncated by solifluction gravels or
more recent sediments.

kvidence of sea-level variations during the same period has
been obtained in Eastern England from Clacton (Fike and Godwin 1953)
and the Nar Valley (Stevens 1959 ). At Clacton, a transgression
horizon at 9' O.D. occurs at the end of a pollen-analytical phase
which can be correlated with late Zone III at Hozne ( late phase III
at larbella). Marine deposits persist to 27' 0.D., and from 14' to
25' O.Ds they fall into a phase of Abies dominance contemporary with
Hoxne Zone IV (Fhases IV and V at larbella). The deposits in guestion
probably formed something like 10' below sea-level ( Stevens 1959 ) and
so mean sea-level at some stage during zone IV =t Clacton must have
stood at 35' or more above its present height.

At liar, the latest fresh-water beds date from the end of Zone IId
( late IT or early phase ITI at Marbella), and they occur up to 19' 0.D.
The marine transgression at llar has affected the pollen frequencies.
Also, the diagram, when compared with that from Hoxne, seems as though
it may not contain a full and uninterrupted sequence at this point.
Thus it is difficult to fix the transgression horizon in exactly rel-
ation to the pollen zone. The Nar Valley Clays, the marine deposits
overlying the freshwater beds, have been pollen analysed between 16'
and 42' O.U. Stevens suggests that the samples from these depths fall
within Hoxne Zone 1II, though it is debatable whether the higher Abies
frequencies above 34' would not support a correlation with Hoxnian phase

IV. It seems safe to say that during Zone III and possibly IV deposits
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TABLE 15. Rough indications of mean sea-level (related to present day

S.L) during the Hoxnian period at Marbella,lar and Clacton.

Marbella

Clacton

meimum.

Hoxne IV
Harb.IV-V.

IIT
III above
cn.St.A.

Late [Id.Hoxne.
L-arb - III -

e ————

o, T . ]

FPast FPhase VI.
)15m. c.50".

Very little less
thanilm. 0.14.7‘ sat
the end of the
period.

Little less than
12m. ¢ 4LO'.

Rising to c.%m.

(e.30') .

e a e mt  ——

)11m. c.37".

Up to 10.5m.

c.35"',at
least.

Nar Valley

e e et S e I

)75' in Zone IV or
later.

s s o

Up to a maximum of
L 4

At least to 227
above.

- = o ——

Below 20'then rising
above this height
during or soon after
this phase.

Where the evidence from the site contains no means of estimating compaction,

this factor has

been ipgnored.

Deposits are related to mean sea-level in the fo.lowing way :-

i). Beach sands are assumed to accumulate up to c.5 m. above i.35.L.

ii). Brackish lagoon silts are¢ assumed to f'orm at c. 3 m. above

J.lJ.,' -

e Y e ddw

The marine clays and eilts in the Nar Valley and at Clacton are

supposed to have accumulated c.3m. below L.S.L. (Stevens 1959).
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LABLE 16. The sequence of fresh-water and marine sediments at larbella,

in the Nar Valley series (Stevens I959) and at Clacton (Pike

and Godwin (1953).

Zone Marbella Site 1. Site 1b> Nar Valley. Clacton
larine |
IVe  mmmmmm e larine ? Marine |
Fresh-water i
IV ‘resh-water larine Marine larine
LT 'resh-water larine larine I'resh-water
———————————————————————————— --"-?-{:l—?—'.}-

IJId memmmmmmmeemm e Fresh-water
larine Marine
1 ? Fresh-water Yresh-water

The zones used,with the exception of ‘'zone VI' are taken from West's
zonation at Hoxne (1956),to which the other successions have been tentatively

related. 'Zone' VI is phase VI as defined on the llarbella dlagram.

- iy S S s s i — e

@ Site 1b. refers to the liarbella succession immediately to the south of

the terrace of the Villa Marbella (Fig.16) .
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accumulated at Nar indicating a sea-level rising to at least 52',
since the sediments in question are laid down under at least 10'
of water. In fact Nar Valley Clay occurs (not pollen-analysed)
to at least 65' U.De. and possibly to 80', suggesting a final
maximum sea-level, probably during Zone IV or a later period, of
75' or even 90'.

None of the estimated heights from the English sites or from
larbella can claim to be really precise since factors such as com-
paction, relation of particular depocsits to tide level,gthe efiects
of local topographical peculiarities ( cf. Old@field 1960d) can never
be adequately assessed. Within broad limits though, they comprise
a tentative summary of the aprroximate indications of contemporary
sea-level at each site. ‘Tables 1§ and 16 at.empt to correlate the
various data, though in this context, the tentztive nature of the
pollen-analytical correlations must be borne in mind.

Table 16 shows that for each period, the indication of the
height oi sea-level at liarbella and in the Nar Valley are roughly
parallel, often quite closely so in view of' the number of approxima-
tions, assumptions and guesses involved. The indications from Clacton
are of perhaps rather lower levels stage by stage and this fact has
been noted by Stevens (1959 ) and ascribed to post-Hoxnian downwarping
in the Clacton area as part of the known long term subsidence of the
southern part of the North Sea basin. It is difficult to say whether
this explanation is wholly necessary, especially in view of the impre-
cigsion of the relative chronolgy used to link the evidence from each

site.
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In all three sites there is unequivocal evidence that the sea-
level was rising during the later stages of the Interglacial period,
and the data from both llarbella and the Nar Valley suggest that the

peak of sea-level clearly post-dated pollen-analytical evidence of
climatic regression with the onset of the neé major cocl phase. It
would seem unwise to attempt to explore the implications of such an
anomaly in terms of glacioceustatic theory until parallel evidence from
more sites comes to light.

One of the interesting points to emerge f'rom the liarbella evidence
is the potential confusion which could have arisen from dinferring
land 2nd sea-level changes from the site had only part of the section
been preserved. Thus a major regression horizon at the top of stratum
C may have been deducked had all the overlying deposits been removede.
Its occurrence somewhere about the optimum of the Interglacial would
have supported any supposition that it represented the culmination
of sea-level during that Interglacial, and so a plausible but erron-
eous conclusion would have been reacheds Comparison between the Nar
and lMarbella successions shows that the incidence of transgression and
regression horizons is far from comparable at each site, largely
becsuse deposition at liarbella seems always to have been so close to
the contemporary sea-level as to have been controlled largely by local
ephemeral factors such as the development of bars, spits and lagoons
etce There is an analogy with the post-glacial buried peats and
'"forests! around the British coast. The Nar Valley succession is
comparable to those found where a local hollow in bed rock or drift

is filled in by fresh-wster deposits until, with the post-glacial
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rise in sea-level, transgression tzkes place and, for as long as

the gea-level continues to rise, marine sediments accumulate above
the former hollow@ The situation at larbella is comparable to one
which was common in many bays and estuaries in Britian during the
early post-glacial period, e.ge. at Swansea, Southampton and Barrow,
as well as in some of the Estuaries around the head of librecambe

Bay (Oldfield in Gresswell, 1958)., At these sites, the rising sea-
level fme periodically produced temporary obstructions to free
drainage from the land, thus giving rise to ephemeral lagoons, marshes
and fens which are now preserved as irregular and discontinous lenses
of fresh-water muds and peats in much greater thicknesses of marine

sediments.

Since the 4Om. and 20m. river terraces recorded in the Iiive Valley
and discussed in Chapter II have not heen recognised in any situation
along the coast in the neighbourhood of Marbella itsell,it is not
nossible to relate the liarbella high sea level closely to the local
denudation chronology as summarised in Chapter IT. ALl the larbella
deposits lie in a broed channel (gv. Iig.16) which is cut into the 75m.
summit plain. The cutting of the channel must be contemporary with the

'Mindel' (Elster) glaciation or,less likely,an earlier probably glacial

@ Two such sites are known to the author along the Fylde coast of

lNorth Lancashire and both are mentioned briefly in De Rance (1875).
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phase. The 75m. summit plain must therefore date from the Cromerian (Gunz/

lindel) or some previous probably interglacial period.

The marine deposits at liarbella are everywhere truncated and so the
high sea level record«d there could be contemporary with either the 20m. or
the 40m. te:races,or even the isolated intermediate terrace at 26-34m.
recordeu on the Wive by Fassemard (1926). There is a certain améunt of
evidence suggesting a world-wide sea level during the Hoxnian of c¢.100'
above present height (Zeuner I960),and the Ner Valley evidence seems to
support this to some extent. Until the evidence from lMarbella has been more
closely related to the local Quaternary geomorphology,its bearing on this

supposition remains a matter i'or conjecture.

(vii). The relation of the larbella successions to previously described

local deposits.

Two earlier palasobotanical investigations oi Quaternary deposits
in the sea cliffs oi the area have been referred to,the earliest reported
in Welsch (1917),the second in Dubois (1948). Welsch describes deposits
from Bidart and Cenitz (Senix) near Guethary,and quotes seed and fruit
determinations b Clement Heid. Neither of these sites can be the MNarbella
section for this lstter lies within the Commune of Biarritz. The Cenitz
deposits have been re-identified and it is hoped %o proceed to an examinat-
jon of them in due course. Three peat sections have been rediscovered in the
cliffs within the Commune of Bidart,appart from the shor: mud-bed at
¥ouligna (Uldfield 1960b). Two of these lie between louligna and larbella

and one close to Bidart village,just north of the mouth of the Ouhabia. It
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is not yet known with certainty which of these is the original site of
Welsch's investigations. The macro-flora of the Bidart deposit included

froserpinaca reticulata,a species characteristic of' late-Fliocene deposits.

Dubois describes the location of the supposedly post-glacial deposit
which he examined as being close to the Cuisine des Barons de l'Espee,a
ruined building c.100 yards north of th: northern edge of the liouligna valley.
Feat and mud deposits occur stiratified in th cliff face to either side of
this building and their siratigrephical context and included pollen-Ilora,
in so far as it has been subjecte. o a very rrelimipary examination,
preclude the possibility of a post-glecial date. No diagram is given in
Dubois! brief note,and his findings and conclusions call for no further‘

comment.
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QghPTEg_?II. Some biogeographical img{ications.

As lonz as only one post-glacial and one Hoxnian site provide
the sum total of the detailed palaeo-ecological svidence from the area, any
conclusions reached must remain tentative and subject to futurs confirmation.
One of the main aims of the rroject is to make some contribution to the
understanding of various discontinuous plant distributions in Western
Europe. The reasons underlying the disjunct distribution of arctic-alpine
species in Burope and Britain were the subject of much speculation and
controversy until factual paleseototanical evidence from the late-Quaternary
period recorded the antecedents of the precent day distribution patterns
and so pointed to their raison d'etre. Similarly,the problem of the presence
of species with Lusitanian and lediterranean affinities in South West
Ireland,despite their absence from the rest of Britain and most of Western
Burone north of the Fyrenees,has provoked much the same kind oi dispute. 1%
is only with the publicetion of first Jessens's work on the Late-Quaternary
period in Ireland (1949) eanc then of subsequent evidence culminating in the
recent papers on the Hoxnian deposits at Gort and Kilbeg,that eny really
useful factual information has come to light,other than whatvlittle could

safely be inferred from present dsy conditions and situations.

Vany of the species in this Lusitanian-Mediterranean category

occur also in the Pays Basque, Arbutus unedo,Daboecia cantabrica and )
Huee Pask slaciaht

Frica mediterranea for example, and so the question of whether they survived

there arises, or whether nearby,onshore or offsghore north of the Pyreneses,or

whether they W@mmigrated into the area during the Late- or Fost-glacial

period,and if so,from where. Daboecia cantabrica and Lrics mediterranea,as
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well as ZErica mackaiana,found in Iberia but not in France, are truly

South-west European or 'Lusitanean' species, with their range eastwards

: @
stopping short of' the lMediterranean. Arbutus unedo is both a Lusitanian

and a liediterranean species, and forms a link between the Lusitanian speciss
in the narrower sense and many Meditcrranean plants which “o0 not reach Britain
or north-west Europe at all,but do occur locally in favoured situations

on the Atlantic slopes of the Pays Basque. Some of these have already been
listed in Tables 3 and 14. As is the case with the Lusitanian species, these
are virtually all evergreen. lost French phytosociologists follow Braun—
Blanquet (eg.1933) in considering their present isolated western Atlantic
occurrences the result of restricted and isolated survival from a 'periode
xerothermique' during the post-glacial (sce eg.Van Campo and EZlhai 195§).

| This phase is thought to have allowed the north-westerly extension of
leciterranean = ecies,their present localities representing disjunction and

selective survival auring subsequent less favourable periods.

Although the two groups considere. above,the truly Lusitanian and
the disjunct peri-lediterranean types include most of the discontinuously
dalstributed evergreen thermophilous taxa to which attention is devoted here,
there are other species with rather similar distributions posing slightly

less striking problems,notably Erica vagans,not recorded hetween Western

France and Cornwall, and Lrica ciliaris,not recorded between Western “rance

and Dorset-Cornwall. Neither species occurs elsewhere in the British Tsles.

All these taxa,alon; with the more continuously distribute:

@. Distribution meps of Arbutus unedo,Daboecia cantabrica,Erica vagans,
Rhouodendron ponticum, I'uxus sempervirens and balaerica, and Quercus ilex
re included at the end of this Chapter.
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cvergreen elements in the west Buropean flora (Ilex aguifolium,Hedera

helix,Buxus sempervirens etc.) have long been considerec relics from a

Late Tertiary [flora of evergreen trees and shrubs,disrupted by the climatic
fluctuations of the Fleistocene period and largely replaced by deciduous
types. These evergreen species are the so-called ‘'arcto-tertiary relies'
forming part of the 'Lauro-cerasus Glrtel' of Schmid (quoted in Jessen,
Andersen and Farrington,1959), and most fully represented at the present day
in the plant communities of the Caucasus and Black Sea areas,less completely

around most of the liediterranean anc more locally in Iberia.

In the past,the problem o: the Lusitano-Hibernian species has
¢xcereised the Irish botenists much more than the French,whilst the problem
of the Atlantic outliers of the Mediterranean i{'lora has been mainly the
concern of' the French botanists. All problems of distribution and disjunction
" change their nature and their afiinities with changes in the size of the
regional anu phytogeographical framework within which they are viewed. Thus
althouzh on & local scale,the distribution problems referred to above fall
into the two main types,on taking a broader regional view,they are seen to
be relste. aspects of the same major problem,the post-tertiary fortunes of

the xgr evergrcen forests in the temperate latitudes of Europe.

The bearing of the present evidence on this problem may be
summarised in the following statements:-
i). During Hoxnian times,numerous thermophilous taxa,many of them evergreen:
were present in the local flora. Today,some of these have disjunct Lusitanian

and peri-lediterranean distributions in Western Europe,including localities
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in the immeuiate neighbourhood (Arbutus unedo,Uaboecia cantabrica)and most

belong to the group of plants,the arcto-tertiary relics,discussed above.
ii). Some species Irom this ecologically rather heterogeneous group'of

plants are recorded in the present study,but to a much lesser extent,from
the post-glacial period,prior to any poseibility of artiricial introduction

(Daboecia cantabrica,Erica vagans)whilst others,for which Hoxnian but no

post-glacial sub-fossgil records have been fbund,do nevertheless exist in
native situations in the area (qv. Tables 3 and 14). ALl these plants must,

on this evidence,have either survived the last and perhpps the Last two
claciations in the area,or - migrated into it during the Late- or post-glacial
period.

iii). Evidence from Full-glacial (Wirm) pollen analyses shows that climatic
conditions in the area were then such as to inhibit totally the growth of
trees oi any kind. A severely impoverishe. and probably truly tundra type

of ve_etation existed in the area during even a quite late stage in the last
glaciation. Zagwijn (1961) has suggeste. that these kind of communities

(]
ref'lect mean July temperatures of no more than 6 C.

It is highly improbeble that any oi the relatively thermophilous
species considered survived these conditions and =0 the conclusion that they
migrated into the area from clsewhere is inescapable. Unless the severity
of the Full-glacial climate in the Fays Basque was a local phenomenon,due
perhaps to the proximity to the Fyrenees, it seems impossible to envisage
survival of these species any further north in Western Wrance. Ters(1961)
has shown that periglacial conditions prevailed for certain periods along

the west Prench coast to the north, and all the available evidence points to
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some locality south oi the Fyrenees ss the region of perglacial survival.
The cosstline in the area slopes far too steeply to have allowed of'fshore

survival. .

From the evidence in the early post-glacial layers at Le loura
and the late-glacial levels at Sanguijuelas,on the Spanish-Fortuguese
border (llenendez Amor and Florschutz 1960),it is clear that species of
Quercus survived in Iberia and migrated north with climatic amelioration
reaching Sanguijuelas in Zone II and Le loura in Zone IV. Some species of
oak,probably §.robur,reached the Dartmcor area before Corylus (Simmons 1961).

The extremely early record of ILlex aquifolium at Le lioura suggests that

holly also survived in Iberia and spread early into south west Europe. Here
then is evidence confirming the presence of perglacial refugia in Iberia

and suggesting that they were the points of dispersal for some early arrivals
among the thermophilous species record:d at Le lioura. From their present

day areas and their presence in the Fays Basque during Zone VI, there can be

little doubt that Daboecia cantabrica and Lrica vagans survived and spread

in a sirilar manner,whilst the pre-cultural records for Vitis,Olea and

guercus ilex suggest a similar history. In this case,it is possible that

the outlying localities of liediterranean species in north west Spain and
south west rrance referred to in Chapters II and IV and immediately above
can be explaine. in terms of early post-glacial spread from Iberian refugia
rather than as relic habitats from a so-called xerothermic post-glacial
pericd which favoured the westward extension of species from the north west

Mediterranean area. In this counection,it is interesting to note that the
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earliest and only recorded pollen analytical phase which could be
identified with the xerothermic pericd is the late Zone VI phase of pine
expansicn and drier mire communities,whilst the earliest records for

Quercus ilex,Vitis and Erica vagans clearly  re-date this period. The

first Buxus and Abies grains come from the Late Zone VI levels though,and

it is Just possible that both these species extended their ranges westwards

at this time.

From the above evidence,it seems likely that both the Lusitanian
and much of the lediterranean element in the local flora migrated into the
area during the early post-glacial period,af'ter having survived the previous
glaciation in Iberia. It is not possible yet to assess fully the bearing of
this conclusion on the presence of some of these species in scuth west Britain

In the case of Erica vagans at least,the evidence from Le lioura sugzests that

it could have reache Cornwall easily whilst sea-level was very low early
in the post-glacial period. The same explanation may serve for the presence

of some of the Lusitanian species in Ireland,especially Daboecia cantabrica

recorded quite earLy at Le lloura,though much more evidence is needed irom

this and intermediate areasyand the possibility of off-shore survival
mu‘t be

around south west Irelandiporne in mind.

The above evidence and deductions may contain a partial explanation
lor the presence and the disjunction of these species in Western Lurope at
the present day,but there iz still the remaining problem of why they were so
much more frequently and abundantly represented and more widely distributed

in Hoxnian times than in the post-glacial. The explanation may be in terms



of a contrast in climate between the Hoxnian and the present,a difference
in factors of land and sea-level change or a difference in the location,
population ofyand diffusion from plant refuges during and after the

relevent glacial periods.

In so far as the Lusitanian and llediterranean species were late
arrivals to Ireland during the Hoxnian,as seems to have been the ca&se with
some, it is tempting at Iirst sight to relate the contrasst between Hoxnian
and post-glacial plants there to the late culmination in sea~level
discussed in the previous chapter. This does not explain the contrast
between the larbella flora and that at Le lioura though,since the sites are
close together on the EBuropean mainland. Also,it is clear from the Marbella
series that sea level in south west ! rance in the middle of the Hoxnian was
as high or higher than at present. Thus it would be wrong to infler that
because the culmination in sea level came =o late,more land area was emerged
in the middle of the Interglacial period than st the maximum of sea-level
during the post-glacial. It may not have been any simpler for species to

migrate into Ireland in mid-Foxnian times than during the mid-post-glacial,

Jessen,Andersen and Farrington, and Watts,have suggested,on the ¥
basis of the evidence at Cort and Kilbeg respectively,that the climate
during the optimum phases of the Hoxnian may have been exceptionally mild
and oceanic,perhaps,according to Watts, slightly warmer than the post-glacial.
This supposition is based partly on the rlora represented,with its many
thermophilous evergreen species,partly on the basis of the vegetation commun-

ities deduced from the pollen irequencies by palaeo-ecological arguments.



Any conclusion of this kind based en biological evidence is bound to have

a certain amount of circular reasoning at its core,though this does not
necessarily vitiate the conclusions totally. More serious are the largely
insoluble problems of palaeo-ecological recoustruction using taxa whose
biotype composition may heve altered since the period studied. It has been
suggested that this problem is reduced when species ol related present day
climatic tolerance sre seecn to respond in a similar manner,or when
conclusions are based on the presence or absence of an assemblage of similarly
indicative species rather than one or two. In practice,this seems a harder
attitude to uphold obJjectively than it would eppear to be in theory,ior
much depends on the extent to which anu the impartiality with which one is
prepared to group species into ecological assemblages. Thus it would be &s
easy,irom the larbella flora,to comp@se a group of species of continental
northern afiinities (in south west French terms) as one of lediterranean-
Lusitanian afiinities, and it wauld be biased to regard one group as an
assemblage of species giving parellel indications of climate and to treat
the individual members of the other group separately and hence conclude that
each was either a minor anomaly, a result of different competition pressure
or the former pessession of a wider range of genotypes. It seems unlikely
that such fossil floras of mixed geographical afiinities can ever be used
with complete objectivity to afford unambiguous end detailed indications

0. clirste. Thus it seems gafestvto conclude that although a certain amount
of circumstantial evidence may support the inference of 2 milder climate
during the Hoxnian than the post-glacizsl,it is not sufficiently certain to

preclude the desirability of seeking for other possible supplementary or
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alternative lactors to explain the peculiarities of the Hoxnian flora.

The final possibility concerns the location of perglacial
refugia,variations in their species content Irom glaciation £o glaciation
and the spread of plants Irom them. The discussion in Chp. VI considers the
possibility that phase I at larbella can be correlated with the last three
sub-stages of Zone I at Hoxne. If this is so, then it means that a large
proportion oi the thermophilous I'lora of the interglacial had arrived in
the Biarritz area at a time when it was totally absent Irom south-east
England. This could only mean that it had survived much closer to the Fays
Basque than to Britain and so, almost certainly in Iberia or in south west
France itself. If a much richer floras survived the lMindel (Elster) glaciation
more extensively in south west Zurope than survived the RKiss and Wirm, then
this would help to explain the peculierly thermophilous nature of the Hoxnian
flora in Western Lurope, and its failure to reappear there to the same
extent in subsequent periods. The pollen analytical evidence from Site II
at larbella is beginning t- testify to the severtyof what is probably the
Riss glacial period in the area. Greater survival in Iberia during Nindel
times than during the Riss and Warm could have been the result of milder
conditions south of the contemporary west Luropean ice margin, or it could
merely indicate the progressively diluting eff'ect of successive glacial

phases on the thermophilous element discussed.

The inf'egrence oi conditions in the lindel permitting more plants to
survive in south western refugia re¢sts solely on the evidence from Fhase I
at Marbella and on the possibility of its correlating with Zone I at Hoxune.
Thus the suggestion is a highly spectulative one and it reinforces the need

to resample and re-examine those lowest strata,ii necessary by boringe.
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Summary and Conclusions.

i). Attention is concentrated on two quaternary sites close to Biarritz,
one,Le lioura, giving evidence irom the Full- Late- and FPost-glacial periods
the other, liarbella,dating meinly from the Hoxnian (Great) Interglacial.
The stratigraphy, pollen analysis and macroscopic plant remains Irom the
deposits at these sites are discussed.

ji)e The last part of the Full-glacial (Wirm) period probably saw the

existence of true tundra conditions in the area whilst during the Late-glacial

period, pine (including Finus uncinata)and tree birches spread into the area

and forested episodes alternated with periods of park woodland and steppe-
fundra.

iii)e Follen-analytical indications of hydroseral and terrestrial
vegetational successions intermingle in contrapuntal fashion in the Late-
zlacial deposits at Le lioura, and not until a cetailed palaeo-ecological
analysis of the evidence was carried out did any satisfactory indication
of cliustic change during the period emerge.

iv). The main episodes of the Late-glacial period closely parallel those
from north-west Europe, a mild forested phase,presumably contemporary with
the Allerdd (Zone II) occurs preceeded and succeeded by less wooded cooler
episodes. A pre-Allerfd climatic oscillation of apparently small length and
amplitude is tentatively detected which may be contemporary with similar

phases in north west Eurcpe.

v). Among th: Full- and Late-glacial plant records, Armeria sp.,Cryptograms

crispa, Centaurea cysnus,fphedra distachya, Euphorbia amygdaloides,

Polygonum cf. vivipsrum and Valerisna dioica may be noted.
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vi). The post-glacial record is incomplete, there being a discontinuity
in deposition giving rise to the absence of any records from the whole of
British pollen zone VIIb,ﬂ early VIII and late VIIa. The dominant woodland
species throughout thee earlier part of the post-glacial period are oaks
and pine,with hazel, whilst alder and later beech a;pear. Other mixed oak
lorest elements are very scarce.

vii). Both the stratigraphic and the pollen-analytical record show that
the end of phase P 2 (Zone VI) at the site was a relatively dry period as
appears to have been the case in Britain also.

viii). Whilst the highest levels include records for recently introduced
rlants such as maize and a species of cedar,earlier pre-cultural levels

include pollen records of Vitis,Oles,Deboecia cantabrica,lirica vagans and

Quercus ilex.

ix). On the basis of the evidence from Le lMoura and recently published
work I'vom Jpain,it is concluded thet some oak species survived the last
glaciation in Iberia and spread northwards to reach Le loura at the very
beginning of the postsglacial period. The evidence from Le loura suggssts

that Ilex aguifolium and most if not all of the species listed in parag.

(viii) above probably did likewise.
x). The vegetational successions and plant record at Marbella show
interesting parallels with Pritish Hoxnian sites. Lvergreen shrub taxa are

especially sbundant in the pollen analyses ( eg. Rhododendron ponticum,

Arbutus,laboecia cantabrica,other Lricales,Olea,Fhillyrea,Buxug,Ilex and

Hedera) and there are also clear traces of the presence of Fagus in the area.
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xi). The first phase at Marbella records a climatic oscillation and may
be contemporaneous with that found towards the base of the deposits at
Hoxne.

xii). A reconstruction of the plant communities during the middle part of
the Interglacial period suggests that osk woodland dominated the flat
plateau areas around the site whilst the evergreen shrubs,most of which
are fairly light demanding grew in more open communities on the steeper
valley slopes.

xiii). LIt is tentatively suggested that a decline in soil base status at
about the Phase III/IV boundary gave rise to a reduction of the oak woodland
clement in the vegetation and the advent of acidic heath communities and

fir woodland. It is supposed that subseguent climatic deterioration at the
very end of the period of deposition led to a final phase of pine woodland
and open heath.

xiv). Deposits overlying and to the south of the Hoxnmian successions record
part of a major complex glaciation (probably the 'Riss') involving at least
one phase of solifluction activity in the area.

xv). Sea-level appears to have risen throughout the period of deposition
of the Hoxnian deposits at Marbella, as in the Nar Valley and at Clacton in
eastern Englend. It reached its maximum height after the final phase of
inferred climatic revertence mentioned in parag. (xiii)e.

xvi)e. Since all the deposits of an organic nature formed during the Hoxniam
at Marbslla appear to be lagoon sediments developed locally and close tc the
contemporary sea-level at various stages in its rise, most of the individual

horizons of marine transgression and regression recorded have no general

significance beyond the confines of the single estuary.
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xvii). It is concluded that the Lusitanian and lediterranean elements

in the local flora could not have survived the last,let alone last two
glaciations in the immediate neighbourhood of Biarritz. They probably
survived in Iberia whence they spread into the Pays Basque again during
the early and middle post-glacial period. For the most part,they are
thought not to be the result of an extension westwards of lMediterranean
species during some 'xerothermic' post-glacial phase.

xviii). Although there is some evidence that a more favourable climate in
Hoxnian times may have been one reason for the richness of the flora of
that period in evergreen species and 'tertiary relics',it is suggested that
greater survival of these species in Iberia during the preceeding glaciation

could also have been an important factor.
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AFFEDIX I,

The modified peat borer.

The modified borer used to collect the continuous core samples from
Le Moura in 1960 was designed by Dr.K.Thomas of Hatfield Technical
College and Mr.L.Farnell in collaboration with the present author,and
produced by Leonard Farnell & Co.,Hatrield. It followed an earlier

proto-type designed by Dre.Thomas and Mr. Farnell aloue.

In the standard Hiller borer,thet outer casing of the sampling
chamber rotates snd carries the cutting blade,whereas the inner casing
is fixed to the end of the first metal rod. The screw-azuger which forms
the end of the borer is firmly fixed to the sampling chamber and not

readily detatchable in the field.

In the modif'ied borer,the outer casing is I'ixed and the inner
casing rotates and carries the blade. The auger end is detatchable
allowing the inner casing to be removed readily in the field. In this
way, 50 cm. long zine or alluminium liners may be introduced into the
inuer casing,this casing and the liner together inserted into the outer
sleeve i1rom below,the auger end re-attached and the borer used in the
normal manner. Thus 50 cm. long continuous samples are obtained and the
business taking individual pollen samples from each depth delerred until
the return to the Laborstory. It may be carried out pari passu with the
actual snalyeis end i% permits close sampling for both pollen analysis

ani macroscopic examination =t leaisure without loss of time or hasty
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Appendix.III. Thotomicrographs of pollen grains.

1.

2.

3.

i
.

6a

Arbutus sp. Marbella Site 1, stratum 4, 317 cm. x 1000.

Liote the large size, smooth exine,long furrows and the irregular
and complicated system of endocracks forming and radiating from
the 'pore' (i.e. endo-aperature) which is roughly transverse to
the furrow.

Arbutus sp. Marbella Site 1, stratum C, 60 cm. x 1000.

Though somewhat crushed from the original globular shape, the
characteristic triangular outline of the individual grains can be
seen, as well as the features noted on (1).

ihododendron ponticum. larbella Site 1,stratum 4,70 em. x 1000.

Optical section shows the typically complex exine stratification
and the thickening of the ek-texine towards the grain poles.

Ehododendron ponticum. ( as for 3). x 1000.

CUne short dbuble furrow can be seen along with its associated
pattern of costae, transverse endo-aperatures and endo-cracks.

Zhododendron ponticum and Rhododendron sp. Marbella Site 1,stratum A

Q cm. X 250

The smaller grain ressembles the adjacent Rhododendron ponticum

pollen in most aspects of its fine morphology and must belong to

some other Rhododendron species.

ihododendron ponticum. (as for 5 ). x 1000.

The features associated with the short furrow are clearly seen, as in

(4), and also the faint granular ektexinal ornamentation.
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/.  Rhododendron sp. Marbella Site 1, stratum A, 70 cm. x 1000.
The short furrow and clear endo-cracks are found on a similar, but
much smaller tetrad than Rhododendron ponticum.

8. Daboecia cantabrica. Le loura, Series 'B'. Zone VIIa. x 1000.
Note especially the regularly granular ektexine an. the long tapering
costae,.

9. Daboecia cantabrica. ( as for 8 ). x 1000.

10 and 11. Daboecia cantabrica. Type slide. x 1000.

12. ZErica vagans. Le Noura, lain deries, 50 cm. x 1000.
Note the small, smooth polar area with arcuate circum-costal endo-
cracks.

13. Erica vagans. ( as for 12 ). x 1000.
Pptical section.

14, 15. ZErica vagans. Type slide.

16. Erica cf. vagans. llarbella Site 1, stratum C, 4O cm. x 1000.
Note the smooth polar area with endo-cracks as in 12 and 4.

17. Erica cf. vagans. larbella Site 1, stratum C, 4O cm. x 1000,
Optical section. The collapsed triangular shape leads to
confusion with Erica mediterranea.

18. Empetrum bigrum. Le loura, Main Series, 375 cm. x 1000.
Note the evenly granular exine and short slit furrow.

19. ZEmpetrum nigrum. ( as for 18 ). x 1000.

20« Ewpetrum nigrum. Le Moura, Main Series, 410 cm. x 250,

Pollen grains clumped together suggesting nearby origin.



21.

22.

23-

254

26,

27

28.

29.

30.

1.

32

(4

Erica cof. tetralix. Le loura, Main Series, 35 cm. x 1000.
Note the long, straight, untapering costae clearly demarcated
by endo-cracks, the small polar area and the intercolpial
ornamentation.

Lrica tetralix. Type slide.

Finus cf. sylvestris. Le lioura, lain Series, 190 cm. x 1000.

lNote the long body and relatively small, obliguely sdtuated air-sacs.
Finus cf. uncinata. Le lioura, liain Series,508 cm. x 1000.

lote the small body and rather large air-sacs.

Finus cf. uncinata. Le lioura, Main Series, 410 cm. x 1000.

Quercus ilex type. larbella Series 1, stratum A. 220 cm.x 1000,

Foler view showing typical sub-traingular shape.

Quercus ilex type. Marbella , as for 26. x 1000,

Surface ornamentation.

Quercus ilex. Type slide. x 1000.
Olea sp. Marbella Site 1, stratum A. 317 cm. x- 1000,

In the large polar area, the individual coltumellae whichform
the muri of the reticulum may be clearly seen.

Olea sp. ( as for 29). x 1000,
Folar view with columellae in optical section.

Thillyrea sp. Marbella Site 1. Stratum C. 60 cm. x 1000.
Optical section showing columellae.

Fhillyrea sp. ( as for 31 ). x 1000

Z“he reticulum in the large polar area.

Oleaceae indet. ? Fraxinus ornus. liarbella Site 1, stratum C, 60 cm.

Fote the rather prolate shape and long furrows. x 1000.



She Fagus. larbella Site 1. Stratum A. 70 cm. x 1000,
e Euphorbia sp. Le Moura, Main Series. 395 cm. x 1000,

Optical section. The beaked effect at the furrow is the result

of an ektexinal bridge which interrupts the margo in the middle of

each furrow.

36«  Euphorbia sp. ( as for 35 ). x 1000,

37 - 39. Polygonum cf. Viviparum. Le lNoura, Main Series, 440 cm. x 1000.
When comparing these photographs with those of the type material,
( 40 and 41 ) it must be remembered that the sub-fossil grain
has been prepared by heating in caustic soda and standing in hydro-
fluoric acid, whereas the type material has been acetolysed. This
is an important factor in the difference in size observed, though
type material of P. viviparum varies greatly in size and overall

shape, as does the sub-fossil material.

40 and 41. Polygzonum vivipsrum. Type slide. : x 1000.
42. Knautia sp. Le Noura, lain series, 508 cm, x 400,

43. Enautia arvensis. Type slide. x 400.
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