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of Juniperus nana, this species is infra
represented, with frequencies of 3% and 9%.
Apart from the fact that the «sabina» (Juniperus
thurifera) has an irregular pollen representation,
generally it is supra-represented. This difference
with the former species could be due to the
arboreal appearanceofJuniperus thuriferawhich
facilitates the (local and neigbouring) transport
of the pollen increasing this way its collection.
Because of the little pollen dispersal and the
infra-representation ofJuniperus nana, low pol
len frequencies of approximately 9% can be
good indicators of a «piornal» with well
developed junipers (Senecioni carpetani
Cytisetum oromediterranei typical
subassociation) ; the percentages of the pollen
type Juniperus, representative of the «sabinar»
of Juniperetum hemiphaerico-thuriferae, are in
average higher than in the former case and they
range between 6% and 57%. In addition to these
differences there are others which separate the
pollen spectraofbothcommunities. The samples
corresponding to the «piomales» from the tops
have frequencies with nearly 2% of pollen of
Cytisus when they were collected with the latter
(because of its entomogamy there is no pollen
dispersal ofCytisus, and it is very strongly infra
represented). On the other hand, the spectra of
samples from the «sabinar» are very often
characterized by percentages ranging between
10% and 15% of the local pollen of Quercus
rotundifolia, which are higher than those found
on the tops where this pollen has an allochthonous
character. Besides, the pollen type of Cytisus
appears with very low percentages and it can
come from the genus Genista as weIl as from
Cytisus which is fairly abundant in the area.

The pollen of Fraxinus, although only
slightly, has a greater dispersal than that of
Juniperus since its percentages are higher than
1% in the neighbouring samples (samples 3 to 6
and 38). In a forest medium (Quercopyrenaicae
Fraxinetum angustifoliae) its pollen
representationis 33% (spectrum 10), butwith the
opening of the vegetation Fraxinus presents a
supra-representation (spectra 1 and 37).

Pinus has a high dispersal capacity which
makes that its pollen penetrates in aIl the plant
formations of the region with, generally,
percentages of approximately 20% and never
less than 8%. Even in the locations with non
forest vegetation, adjacent to the pine grove
(sample 35), it is higher than 60%. Therefore,
only the high percentages of the pollen type
Pinus, higher than 80% on the southem slope and
higher than 70% on the northem slope, reflect the
presence of the compact natural pine groves
(Senecioni carpetani-Cytisetumoromediterranei
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pinetosum sylvestris) and the reafforested pine
groves of this zone. The locations 23 and 32, the
more open ones from aIl those ofthe pine groves,
with frequencies of 64% and 48% respectively
are an exception. In 18, the pine grove is not very
compact and therefore the pollen of Pinus is not
higher than 59%. The lower percentages of this
type on the northem slope and the greater
abundance of the pollen of nitrophilous plants
(Rumex, Plantago lanceolata, Chenopodiaceae,
Cichoriaceae, Asteroideae) which indicate that
the medium is a little more open,can be due to the
fact that sampling on that slope has been done
chiefly in more open locations affected by strong
anthropogenic activity (sideofaditch and tracks)
than on the southem slope.

The pollen of Quercus pyrenaica and
Quercus rotundifolia is present with lower
percentages throughout the whole transect, even
outside of the plant communities to which they
belong. This fact indicates that both taxa have a
gooddispersal capacity though lowerthan thatof
Pinus. The regional transport in the territory
seems to be slightly better for the pollen of
Quercus rotundifolia since we observe that on
the tops and in the pine grove zone the relation of
its pollen frequencies with the producing masses
is slightly higher than that ofQuercus pyrenaica
which, however, grows in compact formations
and nearer to those locations. The pollen
percentages of the pollen type Quercus
rotundifolia ranging between 10% and 20%
within a very degraded holm-oak wood of
Junipero oxycedri-Quercetum rotundifoliae
affected by anthropogenic activity. Quercus
pyrenaica, with values ranging between 35%
and 50%, is moderately infra-represented within
a, generally, very compact «melojar» (Luzulo
forsteri-Quercetum pyrenaicae).

The sources of sorne pollen types of the
diagram belong exclusively to the regional or
distant vegetation. This way, even when the
dispersal capacity ofFagus is relatively small in
relation to that of other trees (ERDTMAN, 1969),
its pollen is present because of distant contribu
tions of the populations of Galio rotundifolii
Fagetum from Somosierra located,
approximately, at 30 km.The pollen of Betula
must chiefly come from the communities of
Melico uniflorae-Betuletum celtibericae located
at 12 km., in the mountain pass of Canencia.
There are communities of the series Junipero
oxycedri-Querceto rotundifoliae S., also located
at a great distance, which are rich in Quercus
suber and which pollen has been found in the
studied territory. The riparian populations of
Galiobroteriani-Alnetum glutinosae, Aro italici
Ulmetum minoris and several willow plantations
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(Salicetum salvifoliae, Rubo-Salicetum
atrocinereae), as weIl as the elm groves of the
human settlements of the zone are, probably, the
cause of the presence of allochthonous pollen of
Alnus, Salix and Ulmus. On the banks of the
streams there are planted specimens of Corylus
which are the cause ofthe pollen contributions to
neigbouring samples (sample 10)ormoredistant
samples. The pollen of Abies, Juglans, Cedrus,
Tsuga, Platanus, Eucalyptus, Castanea and
Aesculus, is also from a regional or distant pro
venance, all of them introduced by man. Higher
percentages than 5% ofthe allochthonous pollen
of Olea indicate the great dispersal capacity of
this thermophilous taxon. We want to point up
the presence of the characteristic pollen of
Malpighiaceae, probably carried by wind from
Africa (MEDUS, corn. verb.).

Contrary to the former genera, Ilex and
Hedera are taxa characterized by having a very
low pollen dispersal capacity, therefore the
presence of its pollen in the spectra is indicating
the proximity of the producing source to the
sample.

Because of the fact that the non arboreal
pollen (NAP) is not transported by wind in a very
important way (TAUBER, 1965), certain pollen
types or groups indicate the local presence of the
corresponding communities. The existence of
spores of Cryptogramma in the samples 26, 27
and 28 is due to the contributions of the
neighbouring and local permanent community
of Cryptogrammo-Dryopteridetum oreadis.
Through frequencies higher than 2%, of the type
Rosaceae, we detect the presence in the diagram
of well-developed bramble patches of Rubo
ulmifolii-Rosetum corymbiferae. Rosaceae is
strongly infra-represented. The community of
Santolino rosmarinifoliae-Cistetum laurifolii is
represented, from the samplingpoint 35, through
an increasing of the percentages of the pollen of
Asteroideae and Cistaceae.

In the upper part of the diagram
(approximately up to the sample 12) and in the
lower (samples corresponding to the zone of the
«sabinar»), the pollen assemblage formed by a
pronounced recurrence of the pollen ofLabiatae
(probably corresponding to Thymus and/or
Lavandula) and by higher percentages of that of
Asteroideae and Artemisia prove the local or
neighbouring presence of the nitrophilous
«tomillares» of Artemisio glutinosae
Santolinetum rosmarinifoliae; the repeated
presence of the pollen of Cistaceae in the inicial
spectraofthe diagram is due maybe to Tuberaria
guttata. The lawns of Trifolio-Agrostietum
castellanae and of other cespitose communities
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are reflected in the upper and lower part of the
diagram through a more important recurrence of
the pollen type Leguminosae (in this type we
exc1ude the pollen of Cytisus and Genista which
constitute an apart pollen type).

In the top-samples, the presence of the
entomophilous pollen of Cytisus is due , as we
already pointed out, to very local contributions
coming from Senecioni carpetani-Cytisetum
oromediterranei whereas the communities of
Hieracio-Festucetum indigestae produce an
increase in the pollen of Gramineae ; the latter
presents, genera1ly, percentages higherthan 15%
and occasionaly higher than 30%. The
omnipresence oftaxaofthe family Gramineae in
all the formations crossed by the transect are the
causeofan important scarcely transportedpollen
mass (TAUBER, 1965) responsible for those
frequencies maintained in the whole diagram. A
fact which attracts our attention in the top
samples is the presence of the pollen of
Sparganium, in spite of the fact that there is no
stream nearby. This pollen, as pointed out yet by
WRIGHT, MCANDREWS & van ZEIST (1967), is
able to undergo a distant transport.

On the summit, we alsoobserve an increase
of the pollen percentages of Asteroideae,
Plantago lanceolata type as well as maintained
frequencies ofRumexwhich must come from the
nitrophilous grasslands of Digitali-Senecietum
carpetani. The increasing values ofRumex in the
samples 7 and 36, collectedon rock, could hedue
to neighbouring contributions coming from the
rupicolous association Phagnalo saxatili
Rumicetum induran, from compact siliceous soils
and near to the rocky and stony surfaces (RNAS
MAR11NFZ, 1982). In the sample 27, this increase
could be, nevertheless, a consequence of the
presence of Galeopsi carpetanae-Rumicetum
suffruticosi, a good indicator of Senecioni
carpetani-Cytiseto oromediterranei S. (RIVAS
MARTINEz, 1982).

The neibouring cultivations are the cause
that in the lower altitudes of the transects there
are frequencies of the cereal pollen type near to
5%. The percentages of 22% for the Echium
pollen type in the sample 40 reflect the increase
ofthis herbaceous plant in open medium, though
undoubted1y there is a supra-representation due
to fallen anthers or complete flowers on the
sample.

Generally speaking, we distinguish in the
pollen diagram three increasing zones of the
curves of PNA (a great part of them are
anthropogenic indicators) which are located in
the extreme andcentral parts, andwhich translate
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the openingofthe medium andits anthropogenic
influence in the lower altitudes of the northern
and southern slopes andon the top ofthe territory
crossed by the transects. Besides, the diagram
reflectsclearly thevegetationdifferences existing
between both slopes of the sierra (WEISTEIN,
1981).

Analysis ojprincipal components

TABLE 2

Eigenvalues of the centred correlation matrix
between spectra from a PCA

Eigenvalue 1 : 28,692 (61,05% of the total variance)
Eigenvalue 2: 6,872 (14,62% of the total variance)
Eigenvalue 3 : 4,361 (9,28% of the total variance)
Eigenvalue 4: 2,430 (5,17% of the total variance)
Eigenvalue 5: 1,451 (3,09% of the total variance)
Eigenvalue 6 : 1,127 (2,40% of the total variance)
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Thepollen types Gramineae andespecially
Pinus have the highest positive projection on the
[IfSt principal component (figure 3 and Table 3).
Quercus rotundifolia and Quercus pyrenaica
also show positive values - only slightly higher
for the [IfSt one - though much lower than the
previous ones. The gradation of the projections
of the different pollen types on the axis 1 seems
to keep a narrow relation with the pollen expres
sion (the addition of the local, neighbouring,
regional and distant transport capacity). In rela
tion to the spectra, we observe how those with
greater abundance ofGramineae and Pinus pol
len are located more on the right of the axis 1
(figure 4 and 5).

TABLE 4

Mean and extreme values of the proportion APff (in
percentages) of the pollen spectra from differents plant

formations.

Mean Amplitude Numberof
Plant formation PM spcctra

Pine grove 85,33 97,2-62,2 13
«Melojar» 70,60 91,5-25,1 7
«Sabinar» 58,16 79-37 8
Open holm-oak
wood 47,3 57-32 4
Ash grove with
«melojos» 59,8 67,3-52,8 32

After realizing the analysis of principal
components on the centred correlation matrix
between spectra, we obtain the following results :
the three [IfStcomponents explain 84,95% ofthe
total variance (Table 2). The [IfSt one is the most
important, with acontribution tothe total variance
of61,05%. The rest ofthe axes considered by the
program (4, 5 and 6) can be discarded because
they have very low eigenvalues. It has been
possible to reduce the study of the relations
between spectra to a space of three dimensions.
An interpretation for the components defining
this space has been found.

TABLE 3

Psicroxerophilous
grassland from top 51,9

«Piomal» with junipers
from top 56,1

«Jaral-piomal» from
slope and valley 41,9

60,8-51,4

74,7-20,1

2

3

Values of the projection of the different pollen
types on the axes 1 and 2 from a PCA using a

centred correlation matrix.

Pollen types
Pinus sylvestris
Fraxinus
Quercus pyrenaica
Quercus rotundifolia
Juniperus
Olea
Castanea
Vitis
Eucalyptus
Artemisia
Asteroideae
Cichorioideae
Gramineae
cereal type
Plantago lanceolata type
Rumex
Labiatae
Cytisus type
Echium
Rosaceae

Axes
1 2

4,53 -1,22
-0,32 -0,13
0,34 -0,02
0,40 0,61

-0,18 0,15
-0,38 -0,12
-0,66 -0,25
-0,67 -0,23
-0,67 -0,24
-0,44 0,07
-0,42 -0,43
-0,43 -0,05
2,00 2,13

-0,56 -0,20
-0,21 0,10
-0,04 0,19
-0,53 -0,07
-0,67 -0,25
-0,54 -0,20
-0,54 -0,21

The factorial axis 2 sets up the Gramineae
in opposition toPinus (figure 3 andTable 3). The
correlation of the spectra corresponding to
samples from Pinus sylvestris woods (Senecioni
carpetani-Cytisetumoromediterraneipinetosum
sylvestris and reafforested woods) and «melojo»
(Luzulojorsteri-Quercetumpyrenaicae) with this
second component (figure 4) is, without sorne
exceptions, negative. The relation APrr, in these
spectra, present the maximum values of the
transect, and always higher than 60% (Table 4).
Therest presents genera11ya positivecorrelation.
The higher its content of NAP, the higher the
correlation, being Gramineae the principal
contributing type to this content. The factor 2
should function, this way, like a measurement of
the proportion APrr (figure 4). The positions of
the spectra 12, 32 and 23 are remarkable, and
they translate (the first one) the local opening of
the medium in the «melojar» and in the pine
grove (the two last ones). The spectra of the
samples 38 and 47 collected under Juniperus
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thurifera in a very open «sabinar» ofJuniperetwn
hemisphaerico-thuriferae present a very low
position on the axis because of the supra
representation of the AP of Juniperus. The
edaphophilous associationofQuercopyrenaicae
Fraxinetwn angustifoliae (notice the dispersion
of the spectra 1, 10 and 37 on the axis 2) is also
badly defined through AP{fbecauseofthe supra
representation of the AP of Fraxinus in a very
open medium; besides, the presence, more or
less important, of the Rosaceae pollen type in
point 1 could he the cause of the anomalous
position of the spectrum on the axis since the
projection of Rosaceae on the component 2 is
negative. Despite its extremly open character the
spectra of samples from «piornal» (Senecioni
carpetani-Cytisetum oromediterranei) and from
top-Iawns (Hieracio myriadeni-Festucetum
indigestae) (spectra 27, 28 and 29) present an
intermediateposition in relation to the component
2, undoubtedly due to the contributions of
allochthonous pollen, predominantly arboreal.
Those from slope and from valley brushwoods
(spectra 35, 36 and 40) do not present such an
homogeneous behaviour. The position of
spectrum 35, close to those from pine grove, is
due to the important neighbouring and regional
contributions from the adjacent pine grove. The
spectrum 40 also presents an anomalous position
maybe due to the existence of important
percentages of pollen of Echium ; the latter has
a valueofthe projection onthe secondcomponent

which is opposing to that of Gramineae. The
position of 36 is more in accordance with the
open character of the brushwood.

The third component (figure 5) separates
the spectra of samples collected under the
«melojar» (Luzulo forsteri-Quercetum
pyrenaicae) from the rest. The particular filter
effect of the «melojo» oak (Quercus pyrenaica)
could he the cause. We have tried to explain how
the filtration works in this «melojar» taking into
account the observations realized by TAUBER
(1965) on pollen dispersal and filter effect ofthe
vegetation.

The morphologicalcharacteristics acquired
by Quercus pyrenaica in this zone through the
succesive tree fellings make that, on the southern
slope of the sierra, the pollen (coming
predominantly from short and middle distances)
carried by the north-western dominating wind in
the pine grove at the level ofthe trunks is filtered
in the tops ofthe «melojar» becauseofthe greater
obstructing surface and the diminution of the
wind speed. The following washing by rain
produces the deposition of this pollen (chiefly
correspondingto thepine) as weIl as thatproduced
locally. On the other hand, the wind blowing
from other directions also diminishes when it
reaches the obstacle formed by the tree-tops of
the «melojar» facilitating this way the deposition
ofthe pollen which it transports andwhich cornes

2,1 Gramineae •

AXIS 2
• Quercus rotundifo/ia

•••••....
•

• Quercus pyrenaica

5,3AXIS 1

Pinus sy/vestris
-1,2~ • _

- 1,4

Figure 3.- Distribution of the 20 pollen types selected in the plane defined by the first and second
axes of the principal components analysis (using a centred correlation matrix between spectra).
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from long distances (Betula, Fagus) as weIl as
from middle and short ones.

There is an exception in the spectrum ofthe
sample 12, collected in a small artificial clearing
(ditch) but within the zone ofthe «melojar». The
PCA permits to separate it clearly from the rest
of the samples collected under the tree-tops.

Quercus pyrenaica and Juniperus present
opposite projections in relation to the thirdfactor.
This way, the spectraof«sabinar» sarnples areon
the lowest positions on the axis.

When the study of the similarity between
spectra has been realized through a centred
covariance matrix, the prograrn has considered
only the four most significant eigenvalues. The
three frrst ones provide enough information,
explaining 91,64% of the total variance (Ta
ble 5).

TABLE 5

thosefrom «melojar» (Luzuloforsteri-Quercetum
pyrenaicae), those from brushwood-grassland
from tops (Senecioni carpetani-Cytisetum
oromediterranei typical subass. and Hieracio
myriadeni-Festucetum indigestae) and an as
semblageformed bythe samples from «sabinar»
(Juniperetum hemisphaerico-thuriferae), from
holm-oak wood (Junipero oxycedri-Quercetum
rotundifoliae), from ash grove with «melojos»
(Querco pyrenaicae-Fraxinetum angustifoliae)
and from brushwood of cistus (Santolino
Cistetum laurifolii). The formations of this as
semblage are not individualized due to the fact
that no species appears as dominating. There is,
however, a certain separation of the sarnples
from «sabinar» in relation to the axis 3. In the
pine grove and in the «melojar» the absolute
dominance of one species makes it difficult to
detect other pollen types, producing a clear
differentiation of these formations in the PCA.
This phenomenon has already been described,
for another type offormations, by CASELDINE &
GORDON (1978).

Eigenvalues of the centred covariance matrix
between spectra from a PCA

Eigenvalue 1 : 5058,851 (73,85% of the total variance)
Eigenvalue 2: 672,917 (9,82% of the total variance)
Eigenvalue 3 : 545,976 (7,97% of the total variance)
Eigenvalue 4 : 263,685 (3,85% of the total variance)

In the plane defined by the axes 1 and 3
(figure 6) four groups of samples are clearly
separated: those from pine grove (Senecioni
carpetani-Cytisetumoromediterraneipinetosum
sylvestris andthecommunities ofreafforestation),

Taxonomie diversity, variance and automatic
grouping ofthe pollen spectra

The proportion APff and the relative pol
len taxonomie diversity of the spectra (figure 2
and 7), generally, have an inversely proportional
relationship. Inaclosedforest medium, especially
in the pine grove ofPinus sylvestris, the diversity
is minimal (the pine acicles acidify the soil
making difficult the growth of other species).
Nevertheless, it is increased with the openingand
the anthropogenic influence on the medium,
though itonlyis a locatedphenomenonas happens
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with the samples 12 and 32 collected in the ditch
of the road which crosses the wood of Pinus
sylvestris and Quercuspyrenaicarespectively. It
is also high in the contact zones among
communities, in which the floristic richness
increases (spectra Il, 39,2 and 8), as well as on
the tops which receive important allochtonous
arboreal pollen contributions. In samples from
«sabinar» (Juniperetum hemisphaerico
thuriferae) the relativepollen taxonomic diversity
is slightly lower than that of holm-oak wood
(Junipero oxycedri-Quercetum rotundifoliae),
undoubtedly because the first one is not under
such a greatanthropogenic influence, andbecause
of its floristic poverty: the dead leaves of
Juniperusproduce an humus ofthe type «tangel»
which makes difficult the development of other
plants (RIVAS-MARTINEZ, 1969).

CONCLUSIONS

The pollen diagram reflects, basically, the
local zones of vegetation. Only the tops without
forest vegetation and, not so strongly, the open
brushwood zones from the valley and slopes
receive considerable allochtonous contributions,
basically of AP.

Becauseofthe lowpollendispersalcapacity
of herbaceous plants, the existence of certain
types or assemblages of NAP prove the close
presence of the producing plant communities.
The increasing ofNAP, in large measure coming
from ruderal plants, reflects an anthropogenic
influence on the medium in the localizations
from the tops and, in a stronger way, in the lower
altitudes.
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The scarcely transported AP of Juniperus
andFraxinus is also a goodindicator, even in low

percentages, of the nearness ofthe community to
which the producer belongs (Juniperetum
hemisphaerico-thurifera and Senecioni
carpetani-Cytisetum oromediterranei typical
subassociation for Juniperus and Querco
pyrenaicae-Fraxinetum angustifoliae for
Fraxinus). Juniperus nana is infra-represented
whereas Juniperus thurifera is, generally, supra
represented. Fraxinus can be supra-represented
in a open medium. The AP which is able to he
well-transported, as that of Pinus sylvestris and
Quercus pyrenaica, only represents the well
developed forest of Senecioni carpetani
Cytisetum oromediterraneipinetosum sylvestris
together with those reafforested and Luzulo
forsteri-Quercetum pyrenaicae respectively,

0,17

Figure 6.- Distribution of the pollen spectra in the plane
definedbythefrrstand thirdaxesoftheprincipalcomponents
analysis (using a centred covariance matrix between
spectra).
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The automatic grouping through G1PAL
and the groupings through the PCA keep a
parallelism, especially in that conceming the
spectra of samples from pine grove and from
«melojar». ThePCA separates two groups within
the group ofsamples from «sabinar» :42,43,44
and 45 from open and compact wood against 38,
41, 46 and 47 from much more open formations
than the previous ones (figure 4, 5 y 6) ; this
separation is also reflected in the automatic
grouping (subgroups il' i2). The group b, the
spectraofopen holm-oakwOod, does nothave its
equivalent in the PCA.

With the automatic groupingwe distinguish
eight groups of spectra (figure 7). The groups b,
d, e, f, g, i correspond to the very open holm-oak
woodformations (Junipero oxycedri-Quercetum
rotundifoliae) (b), to the compact «melojar»
(Luzulo forsteri-Quercetum pyrenaicae) (d), to
the pine grove (Senecioni carpetani-Cytisetum
oromediterranei pinetosum sylvestris and
reafforestedpine groves) andneighbouringopen
zones with important pollen contributions from
the pine grove (e and g), to the «piomal»
(Senecioni carpetani-Cytisetumoromediterranei
typical subassociation) and psicroxerophilous
grassland (Hieracio myriadeni-Festucetum
indigestae) (0 and to the «sabinar» (Juniperetum
hemisphaerico-thurifera) (i) ; they agree with
the stable zones (low variance) of the pollen
diagram. The spectra ofthe groups c and h do not
have apronouncedaffinity between bothofthem
(transition zones ofthepollen diagram, with high
variance) because of the fact that the
corresponding samples were collected in
consecutive and very different plant formations.
The variance presents high values in the spectra
of the samples collected in the ecotone of two
different plant formations (e.g. pine grove
«melojar» or pine grove-brushwood from tops).
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R1
No AP NA? TAX P.SUI Coef

e itiv pol. divers. (IOOS=lIIear. )

75 100 125~
+ + +

1 7 21 28 307 1. 55 00000000000000*00000000000
2 8 19 27 364 1. 29 00000000000000'000000
3 8 23 31 453 1. 23 00000000000000'00000
4 4 17 21 31t 1.15 00000000000000*000
5 Il 27 38 383 1.72 00000000000000'000000000000000
6 10 22 32 319 1.70 00000000000000'00000000000000
7 5 17 22 356 1.07 00000000000000*00
8 7 18 25 332 1. 28 00000000000000'000000
9 10 17 27 401 1.18 00000000000000*0000

10 10 17 27 406 1.17 00000000000000*0000
II 7 22 29 305 1. 61 00000000000000*000000000000
12 8 20 28 315 1. 51 00000000000000'0000000000
13 8 22 30 462 1.16 00000000000000*000
14 8 19 27 405 1.17 00000000000000*0000
15 5 12 17 434 0.69 000000000 *
16 7 12 19 391 0.B4 000000000000 *
17 7 10 17 340 0.B5 000000000000 *
lB 7 14 21 393 0.93 00000000000000*
19 10 B 18 782 0.42 0000 *
20 7 Il 18 794 0.42 0000 *
21 5 15 20 875 0.42 0000 *
22 6 15 21 463 0.81 00000000000 *
23 7 12 19 433 0.77 00000000000 *
24 11 18 29 Bit 0.65 00000000 *
25 7 14 21 5BI 0.66 00000000 *
26 7 14 21 582 0.66 00000000 *
27 5 20 25 355 1. 22 00000000000000*00000
2B 11 lB 29 315 1. 56 00000000000000*00000000000
29 9 20 29 45B 1.13 00000000000000*000
30 9 13 22 530 0.76 0000000000 *
31 9 15 24 829 0.53 000000 *
32 7 lB 25 344 1. 23 00000000000000*00000
33 B 23 31 711 O.BO 00000000000 *
34 10 19 29 417 1. 22 00000000000000*00000
3S 9 20 29 B77 0.61 0000000 *
36 10 15 25 422 1.04 00000000000000*0
37 9 20 29 564 0.94 00000000000000*
3e 7 14 21 349 1. 02 00000000000000*0
39 II 26 37 3BO 1.69 00000000000000*00000000000000
40, 9 22 31 528 1.07 00000000000000*00
41

1

11 21 32 503 1.16 00000000000000*000
42 7 23 JO 403 1. 31 00000000000000*000000
43 11 lB 29 533 1. 00 000000000000000
44 7 16 23 335 1.16 00000000000000*000
45 B 20 2B 347 1. 37 00000000000000*00000000
46 7 21 28 454 1. 11 00000000000000*00
47 B 12 20 253 1. 25 00000000000000*00000

1 + + +i 7S 100 125'
'lIa" S 18 1 26 466

Figure 7a.- Graphie representations of the relative pollen taxonomie diversity of the pollen speetra
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Evolution of the STANDARD-DEVIATION

(1) CUlulativl standard deviation for aIl tax~- -
- (2) Nb of present taxa on the interval of calculation (5 sampI es)r- Mlan of standard-deviation : (Il/Nb total of taxa ur 00000

No r- Mean of standard-deviation = (11/12) --) OOOu*

1 49.2 33 1.12 1. 49 0000000000000000000000********
2 60.1 34 1.37 1.77 0000000000000000000000000000********
3 48.2 35 1.09 1. 38 0000000000000000000000******
4 44.0 36 1.00 1. 22 00000000000000000000****
5 52.6 36 1. 20 1. 46 000000000000000000000000******
6 57.4 36 1. 31 1. 60 00000000000000000000000000******
7 53.7 35 1.22 1.53 000000000000000000000000********
8 63.9 36 1. 45 1. 78 000000000000000000000000000000********
9 72,t 31 1.64 2.33 0000000000000000000000000000000000**************

10 70.2 34 1. S9 2.06 00000000000000000000000000000000**********
11 68.6 36 1. 56 1. 91 00000000000000000000000000000000********
12 67.4 37 1.53 1.82 00000000000000000000000000000000******
13 60.4 . 36 1. 37 1. 68 0000000000000000000000000000********
14 60.2 36 1. 37 1. 67 0000000000000000000000000000******
15 38.7 35 0.88 1.10 000000000000000000****
16 51. 8 34 1.18 1. 52 000000000000000000000000******
17 63.2 30 1. 44 2.11 000000000000000000000000000000**************
18 70.9 29 1.61 2.53 00000000000000000000000000000000********************
19 65.3 28 1. 48 2.33 000000000000000000000000000000******************
20 32.8 30 0.75 1. 09 0000000000000000********
21 30.4 29 0.69 1.05 00000000000000********
22 27.6 29 0.63 0.95 00000000000000******
23 26.0 29 0.59 0.90 000000000000******
24 28.2 30 0.64 0.94 00000000000000******
25 43.1 31 0.98 1. 39 00000000000000000000********
26 53.2 32 1. 21 1.66 000000000000000000000000**********
27 51.9 33 1.18 1. 57 000000000000000000000000********
28 46.8 34 1.06 1. 38 0000000000000000000000********
29 49.9 32 1.13 1. 56 000000000000000000000000********
30 48.3 32 1.10 . 1. 51 0000000000000000000000********
31 45.9 36 1.04 1 1. 27 0000000000000000000000****
32 35.7 37 0.81 0.96 0000000000000000****
33 37.5 37 0.85 1. 01 000000000000000000****
34 115.2 39 1.49 1. 67 000000000000000000000000000000****
35 77.8 38 1.77 2.05 000000000000000000000000000000000000******
36 96.4 37 2.19 2.61 00000000000000000000000000000000000000000000********
37 91. 2 38 2.07 2.40 000000000000000000000000000000000000000000'*******
38 87.4 38 1. 99 2.30 0000000000000000000000000000000000000000******
39 90.3 38 2.05 2.38 000000000000000000000000000000000000000000********
40 84.5 39 1. 92 2.17 00000000000000000000000000000000000000******

41 1
117.9 1 39 l. 54 1. 74 00000000000000000000000000000000****

42 68.5 37 1. 56 1. 85 00000000000000000000000000000000******
43 54.8 37 1.25 . 1. 48 00000000000000000000000000******
44 47.9 37 1.09 1 1.29 0000000000000000000000****
45 53.3 35 1. 21 1.52 j 000000000000000000000000******
46 49.9 32 1. 13 1.56 1 000000000000000000000000********
47 41.31 31 0.94 1 1.33 l 00000000000000000000********

Figure 7b.- Graphie representations of the evolution of the variation coefficient along the pollen sequence
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Figure7e.- Graphie representations of the automatie grouping ofthepollen speetra (a, b, e,d, e, f, g, h, i show the spectra
groups that we have distinguished)



75

when its percentages are higher than 70% for
Pinus and 35% for Quercuspyrenaica.The latter
is moderately infra-represented. In the holm-oak
wood samples ofJunipero oxycedri-Quercetum
rotundifoliae - formations which are very
degraded by man - the pollen of Quercus
rotundifolia shows percentages lower than 20%.
Its dispersal capacity is slightly higher than that
of Quercus pyrenaica.

After we have realized a PCA among
spectra, we have found an interpretation for the
three flfSt axes of the analysis and we have been
able to know the measure of the contribution of
these factors to the constitution of the spectrum.
The factor 1 is linked to the pollen expression of
the taxa,. and it is the most important in the
structure of the spectrum (61 % of the total
variance). The secondcomponent represents the
proportion AP{f of the spectra being generally
proportional to the arboreal covering. Although
AP{f values higher than 60% indicate almost
always the existence of a local forest, only the
AP{f values higher than75% refleet thispresence
with more certainty. The axis three separates the
spectra in relation to the filter effect of the plant
layer located directly above the sample and,
particularly, it is linked to the special filter
capacity of Quercus pyrenaica. In other words,
it depends on the position of the sample in
relation to the vegetation which surrounds it
immediately.

The PCA groups the spectra of
representative samples of the main formations.
This separation in groups is more pronounced
when one species dominates in the formation
(pine grove ofPinus sylvestris and «melojar» of
Quercus pyrenaica). The automatic grouping
corroborate il. With the latter we obtained the
best results in the grouping of spectra since it is
the method with which the assemblage ofholm
oak spectra (Junipero oxycedri-Quercetum
rotundifoliae) became apparent. Besides, the
PCA permits to find an explanation to the exis
tence of certain particular spectra, not
representative of the plant formation in wich the
samples were collected. This way, for instance,
whereas a «melojar» is well-defined within the
limits established bythe spectra Il,13,14,15,16
and 17, the spectrum 12, because of the location
ofthe sample in a small artificial clearing slightly
isolated from the direct influence ofthe tree tops,
does not characterize a typical formation of
Luzulo jorsteri-Quercetum pyrenaicae and it is
separated clearly from the others through the
third component of the PCA, and because of its
small AP{f value also through the second one.
The spectrum 32 is also separated from the
assemblage of those ofpine grove because of the
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locationofthe samplein aclearing.These atypical
spectra (spectra 12 and 32) have a more or less
high pollen taxonomic diversity - it is inversely
proportional to the medium opening - which
contrasts with the adjacent spectrafrom the same
formation. In the automatic grouping, their
correlation with the rest of the spectra from the
formation andeven from the complete transectis
very low.

A final conclusion, which is essential in
interpreting the fossil spectra from the zone, is
that in these interpretations we have to take into
account the supra-representation of AP on the
tops ; most of the peat bogs in the sierra de
Guadarrama are located in the higher altitudes of
the oromediterranean belt of vegetation,
associated to old glaciar cireuses, which because
of their location and morphology are like
allochtonous pollen accumulators (chiefly
arboreal). These peat bogs, though small in size,
reflect this way not only the local vegetation but
also the regional one. On the other hand, our
interpretation of certain atypical surface spectra
must be applicable to similar atypical spectra
which are detected in fossil diagrams ; this way,
the irregularities in the frequency curves which
appear in sorne fossil diagrams because of the
existence of these particular spectra would not
have a merely random significance but they
wouldhe relatedwith the locationofthe receiving
pollen point in relation to the surrounding
vegetation.
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Le but de ce chapitre est de donner des méthodes d'observation et
d'interprétation du milieu naturel afin d'évaluer ses potentialités forestières.
Cette première partie propose en quinze fiches un découpage de la zone méditer
ranéenne en petites régions naturelles, homogène du point de vue des deux
plincipaux facteurs du milieu à cette échelle: la lithologie et le climat. Ces petites
régions naturelles constituent un premier cadre pour observer correctement le
milieu. La première fiche est une présentation du climat, la deuxième de la
notion de petite région naturelle; elles sont suivies par un jeu de treize fiches
décrivant les petites régions de chaque département.
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