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Abstract

Gal4n de Mera A., Hagen M. A. and Vicente Orellana J. A. 1999. Plant communities with
Pinus sylvestris L. and P. nigra Arnold subsp. salzmannii (Dunal) Franco of the Spanish
Sistema Central: a phytosociological approximation. Bot. Helv. 109: 21-54.

A phytosociological study of forests with Pinus sylvestris and P. nigra subsp. salzmannii
of the Spanish Sistema Central has been made, establishing a comparison with 683 conifer-
ous communities. As a result of the application of the concepts of Kopecky & Hejny (1974),
Foucault (1981), Dierschke (1993) and Kopecky et al. (1995), on the relevés made following
Braun-Blanquet (1964), the Vaccinio-Piceetea class and the Pinetalia sylvestris order are rec-
ognized inside the Iberian Peninsula. Moreover, the plant communities with Echinospartum
barnadesii and Senecio carpetanus are interpreted as geographical races. Other aspects of the
juniper communities of Junipero nanae-Cytisetum oromediterranei (subassociations, variants
and relic forms) are also races. The presence of P. nigra subsp. salzmannii inside the forests
of Quercus pyrenaica is considered as a thermic relic form, and the communities with P. syl-
vestris as altitudinal forms.

Key words: Phytosociology, multivariate analysis, Sistema Central, Iberian Peninsula,
pine forests.

Introduction

In Europe the natural communities with Pinus subsectio sylvestris (Little & Critchfield
1969) have a boreal origin (Jan du Chene 1976, Bauerochse & Katenhusen 1997, Millar 1993).
Their expansion was favoured by the glacial periods (Costa Tenorio et al. 1988, Cristina
Peiialba 1994, Wilmanns 1997). Presently, Pinus sylvestris L. is a widely distributed species
in eurosiberian Europe, with some radiations in the Mediterranean region (Hultén & Fries
1986). On the other hand, P. nigra Arnold, is distributed in the mountains near the Mediter-
ranean sea (Wendelberger 1963, Blanco Castro et al. 1996), diversifying in several subspe-
cies taxa.
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Some contributions to the ecology and phytosociology of P. sylvestris and P. nigra subsp.
salzmannii (Dunal) Franco in the Iberian Peninsula have been noted: Rivas Goday 1955,
Rivas Goday & Borja Carbonell 1961, Rivas-Martinez 1963, 1964, Esteve Chueca 1973-74,
Vigo 1979, Losa Quintana et al. 1986, Rivas-Martinez & Canté 1987, Rivas-Martinez et al.
1987, 1991, Gamisans & Gruber 1988, Valle et al. 1988, Regato & Escudero 1989, Elena
Rossell6 & Sinchez Palomares 1991, Ferndndez-Gonzélez 1991, Gamisans et al. 1991,
Ninot 1996, Rojo y Alboreca & Montero Gonzdlez 1996. They have been considered for the
construction of the current syntaxonomic scheme in this article.

F. sylvestris is one of the most important forest species in Spain and is widely distribut-
ed in the Sistema Central, while P. nigra subsp. salzmannii is only a relic form in this terri-
tory. As Costa Tenorio et al. (1990) comment, the interpretations of the vegetation where the
former 1s included are much too strict if the classic aspect of the phytosociological method
is considered (Rivas-Martinez 1987). Some authors point out the absence of P sylvestris
(Sénchez Mata 1989) in areas visited by other authors (Mancebo et al. 1993) who allege its
existence, as in the case of the Gredos Mountains. The communities with P. nigra subsp. salz-
mannii have been known in the Sistema Central for a long time, including in the Guadar-
rama Mountains (Gémez Manzaneque 1988, Regato et al. 1992). However, there has been
no phytosociological interpretation (Rivas-Martinez 1975, Regato et al. 1995).

The aim of the present study is precisely to show a new phytosociological approximation
which explains the ecology of these communities with P. sylvestris and P. nigra subsp. salz-
mannii in the Sistema Central, in the context of the coniferous European forests.

Phytogeography of the area studied

The Sistema Central are the siliceous Paleozoic mountains which go through the Iberian
Peninsula (Fig. 1), from W-SW to E-NE from the Estrela Mountains (Portugal) to the Ayllén
and Las Cabras mountains (Guadalajara-Segovia-Soria, Spain). The highest peaks are:
Estrela (1891 m), La Ceja (2425 m), Pefia de Francia (1723 m), Calvitero (2401 m), Pico
de Almanzor (2592 m), Cabeza de Hierro (2383 m), Pico de Pefialara (2489 m), Ocejon
(2058 m) and Pico del Lobo (2273 m).

The Sistema Central belongs to the Iberomarroqui-Atlantica superprovince (Pérez
Latorre et al. 1996, Deil & Galdn de Mera 1998). This encompasses the areas of the Iberian
Peninsula and northern Africa with Atlantic-Mediterranean climatic regime (Gaussen et al.
1958), according to the distribution of Atlantic elements in northern Africa (Dahlgren & Las-
sen 1972). This superprovince is a migratory space of Atlantic eurosiberian species to the
southern Iberian Peninsula and northern Africa. From the 8 provinces in which this wide
Iberic-Northafrican territory is divided (Carpetano-Iberico-Leonesa, Luso-Extremadurense,
Tingitano-Onubo-Algarviense, Betica, Rifefia, Atlasica, Atlantica and Sud-Occidental), our
area studied is encompassed in the Carpetano-Iberico-Leonesa province (Sistema Central,
Leodn, Orense and Soria mountains). This province is divided into various sectors (Rivas-
Martinez et al. 1990): A — Guadarramico sector (Guadarrama Mountains), B — Bejarano-Gre-
dense sector (Bejar and Gredos mountains), C — Salmantino sector (Pefia de Francia and plains
of Salamanca) and D — Estrellense sector (Estrela Mountain). The localities where relevés
have been made are included in the Guadarramico and Bejarano-Gredense sectors (Fig. 1).

Following the bioclimatic classification of Rivas-Martinez et al. (1991), the data obtained
from Miiller (1982), and the National Institute of Meteorology (Spain), and the discrimina-
tory indexes, Summer and Winter Humidity of Galdn de Mera et al. (1995), the Sistema Cen-
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Fig. 1. Map of the Spanish Sistema Central , phytogeography and localities studied (following several
references and relevés made by the authors). Symbols: O Junipero nanae-Cytisetum oromediterranei
geographical race with Senecio carpetanus pinetosum sylvestris, A J unipero nanae-Cytisetum oro-
mediterranei geographic race with Echinospartum barnadesii pinetosum sylvestris altitudinal form with
Pinus nigra subsp. salzmannii, ® Pinus sylvestris DC, @ Luzulo forsteri-Quercetum pyrenaicae relic
form with Pinus nigra subsp. salzmannii, m Genisto falcatae-Quercetum pyrenaicae relic form with
Pinus nigra subsp. salzmannii. The numbers indicate the relevés of Table 3. A — Guadarramico sector,
B — Bejarano-Gredense sector, C — Salmantino sector.

tral is included in the Mediterranean Region (Table 1), which ranges from subhumid to
hyperhumid (Table 2).

The diagonal position which the Sistema Central presents in the Iberian Peninsula im-
plies different perception of temperature and rainfall in the mountains, depending on the lo-
calities. The Gredos Mountains and the northern slopes are more influenced by the Atlantic
disturbances. Moreover, the Ayllén Mountains receive the rainfall of the Mediterranean sum-
mer-autumm low pressures as a consequence of their distance from the Azores anticyclone
(Capel Molina 1981). This causes the southern slopes of the Guadarrama Mountains to be the
driest and also the most continental, because of the higher contrast between temperatures.
Therefore, this is the area of wide distribution of P. sylvestris. However, P. nigra subsp. salz-
mannii is only found in the Gredos Mountains and some western sites of the Guadarrama
Mountains because of its high thermic exigences. The bioclimatic belts are displaced in the
Sistema Central because of the thermic differences between the slopes. Thus, for example,
on the southern slope of the Guadarrama Mountains, the Oromediterranean belt extends from
1500 to 2300 m, while on the northern slope it descends to 1300 m.



Antonio Galdn de Mera et al.

24

S15010J STONpIAQ] SN He IR 1 [T1T Loy w 76T 81¢ L6T 81 9T HIPCTNLO LS (AUL00) wpsai
S1S910§ SNONPLOA(] ‘PO 2R, €T LT Jogk 61 88¢ see 15T 96 L61 ST TINS 0605 “CHANG pz)) euel
I5210J SNONPIA(] ‘21UN[d Mjeladuo ] v |T1z |air £ 6T 8T¢ 78T 6S1 o1¢ HI0T I/NOE6Y (AUvwng) BRquInn
$15310] SHONpIOa(] ‘SIBUH]D @EIPAWS | v |vTl [eer 6¢ T0¢ vTe (113 191 [ AZL6/N.Zt:8Y (Aumu=g) uednmg
§15910] SNONPIDA(] ‘2JFUI[D 2jeladia | 61 |s'€T |66€ 194 9LT (453 8I¢ SLT 69S AP LB/NEToLY (PUSIRZUMS) PPUNZ
§1010] SNONPISA(] ‘SIBWILD F1eIdms | ST 6%t [L1¥ LE 787 61€ 9b¢ £€T Sob A60:9/NT L9 “(PURLRZEAS) 24710
SS90 SHOMPIOA(] "SI UL €1 €6 |es LS 6LT vTe £2¢ 80C 00T ALSH/NEbaSt (P0URL) UOAT

uoneRdaa snojidydosops ‘Ueatenoupapy 90 |0°L |6Lb 99 80T 86T c8 <91 199 MiTHo€/N§Zo0t (Uteds) prpejy

SNOLLYIWHOA INVTd ONY HdALAILVINITY| EH | IH | SVDdLE (WA wr@dld] GVIDEH | NI wrOuH | GveDd | GNawsradd | aaniiiiv NOLLV.LS TVIID0TOHOALAN

“wiw ur uonerodead enuod d1q ‘9 ut e ay) Jo K1

“PIuNY SANRIRL Y “wiw Ul [ejutes id (dIH/MH+d) ST =9H (dLa/dH+ D W IT=1H ‘| >GH/Ad <1d Uo1Sas UBSUBLINIPAIA * | <HH/Hd <Id U013y
UBLIDQISOINY "[ENUI) BUWIASIS 9y JO puE suone)s [ea150jo10a)ow ueadoing ur saxapur Aypruny (Jf) J91uim pue (1) JOUIuns Ay Jo sanjeA ‘[ 9[qelL



25

Botanica Helvetica 109/1, 1999

prunyqns uesueLs)paweldng EC—TL LE v'8t8 | ST 6'S $'8 611 $TST (e11Ay) SOPaLD) 3p BPUOPILIBABN

prunyqns uedureepaweIdng p—€ 01-6 | 9'8¢6 | €T- 'L | Lot | €91 0901 (pupe) esoxe[ e as[equig

prunyqug 111 ___ | 896 — 1 1 1 sest » (E[1AY) 0014 19p ouang

pruny 8 (999 | | | — | | sea » (BJIAY) SO[[TUELISS

Aag 6¢ | 691¢ | | — | —— | osit » (E[1AY) SaIeuld 3p pwojopeq ues

prunyqng 8—L __ | LvoL | 1 — | —— | it » (B[1AY) Sadeuld 9p [e1ad[eAeN

prumnyqng LT1-91 ___ | sos6 — 1T 1 __ 1 oo » (PUPEN) SOPTED SO 9P A[[CA

prunyqns uesueLdypaweIdng S—¥ 3 €ss9 | LT1- | LS L'9 | 8'LoT 186 (PUpPEA) EWRLIEPEND

prumy L9 __ | g1 o 1 —— | — | ose » (PUPE) , BLIUSN], B[[TPAOIAD

PIWINY UBIUBLIS)IPIWOIO oTI-SIT| &b yoeel | €6 | 61 z9o | L8y | 0681 (PUPEIAD EPELIdORABN 9P Ouang

PIWINY UBIURLISNIPIWIOIO 1€~ 0€ 9¢ yeizr | T e 0L 1°c8 0881 | (era0ses) ,01e[d ULID, BQUIY 3P 0Z313)
SISONOVIA DLLVII'TOO0Ig N H d w W L | v NOLLVLS TVOID0TOYOALAN

‘suone)s oLaworAn(d A[uQ) 4 ‘SuLI0A00 mous I s£ep Jo Jaquinu =N
“J$01J 9Ins Y11 SABP JO Joqunu = H ‘(W) [[BJUIRI UBSW [BnUUE = (D) YILOW JSIP[0d 3y} JO amjeradwo) UBawW [BUWIIUIW =W ‘(D),) YIUOW ISIP[Od 2} JO
sarmeiadi) UBSW [BWIXeW = A “(D,) 2mnjeroduwo) ugaus jenuue= [, ‘0] (W+ A+ L) Xopul ANDIULISYI=1] ‘(W) UONE)S [eo130[010230W Y] JO pMIN[E =Y
S[OQUIAS “Truupw2jps *dsqns paS1u g pue sLisaajLs snuld YA paIpmIs saNIEI0[ Sy} Jeau SUONLIs [20150[0103)aU JWOS JO SAN[BA dNeWI[) T J[GBL



26 Antonio Galdn de Mera et al.

Materials and methods

Treatment of the data.

The present study is based on 683 phytosociological relevés made following the method of Braun-
Blanquet (1964). These relevés are located in the mountains of western Europe and northern Africa, to
establish a comparison with those of the Sistema Central. From these relevés, 131 correspond to the
area studied, and are represented in Table 3. Table 5 is a synthetic table of the communities of the Vac-
cinio-Piceetea class in western Europe and northern Africa, with the different species of Pinus of the
mountain pine groves of the Iberian Peninsula (P. sylvestris, P. nigra subsp. salzmannii and P. unci-
nata). The references of Table 3 are in Table 4, and those of Table 5 in Table 6.

We have made statistical analyses of Tables 3 and 5, with the SYN-TAX program (Podani 1994),
Dendrograms to observe the degree of similarity between relevés were obtained applying the Jaccard in-
dex (1929) (Figs. 2 and 3). After this, the tables were put in order considering the relationship between
relevés, to study the ecological and phytosociological behaviour.

Phytosociological treatment

The conceptual treatment of the phytosociological association and its subdivision made by the Iber-
ian phytosociologists have limited ecological facts to a rigid syntaxonomic scheme and forced the plac-
ing of some plant communities in specific associations. The same occurs with the subassociation, which,
since its definition by Braun-Blanquet (1964), has been interpreted in several ways. It has been used to
design altitudinal, geological, ecological and edaphic variations. These induce us to consider the stud-
ies of Kopecky & Hejny (1974), Foucault (1981), Dierschke (1993) and Kopecky et al. (1995), which
explain the basal community (BC) and derived community (DC) concepts. A basal community is a plant
community sited in anthropogenic places and colonized by plants of the highest syntaxonomic unities.
The derived community means the invasion of one association by plants different from the characteris-
tic ones, and whose number decreases considerably because of a derived change in human activity. The
concept of relic form (as opposed to normal historic form), given by Schuhwerk (1990), is used to dis-
tinguish small regions with critical plants which lend a historic and ancestral aspect to the association,
for example, the result of a low exposure to past glacial periods (Ojeda et al. 1995). This concept was
used in Spain to explain some aspects of the Aragonese relic vegetation (Montserrat 1975), without,
however, a phytosociological viewpoint.

The interpretation of the variability of the association by Matuszkiewicz (1981) leads us to define
the meaning of subassociation more accurately. This author considers vegetation as a relative continu-
um and concludes that the association has 3 variants (Fig. 5): 1 — horizontal-referring to the geographi-
cal races, 2 — vertical-referring to the altitudinal forms, and 3 — local-referring to the edaphic differences,
considering this as the concept of subassociation.

Results and discussion

Vaccinio-Piceetea and Pino-Juniperetea

The Vaccinio-Piceetea class encompasses the coniferous forests and the heaths with
boreal origin, characteristic of continental areas (Julve 1993, Ellenberg 1996). According to
Rivas-Martinez et al. (1991), they were developed in northeastern Europe and the southern
Alps after the Tardiglacial, as a wooded tundra. Braun-Blanquet et al. (1952) and Rivas
Goday & Borja Carbonell (1961) consider that this phytosociological class exists inside the
Iberian Peninsula. Rivas-Martinez (1963) maintains that the pine groves of the Sistema Cen-
tral do not belong to the Vaccinio-Piceetea, and have to be included in the Cytision oromedi-
terranei alliance because of the importance of the Genisteae in our mountains and the impov-
erishment in some characteristic plants of the class. Later Rivas-Martinez (1964) created the
Pino-Juniperetea class to isolate the Mediterranean pine groves from the centereuropean ones.
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Table 4. References of the relevés of Table 3.

1, 2. Relevés of the authors. Valle de Enmedio,
Malagon Mountain, Avila

3-8. Relevés of the authors. Cueva Valiente, Malagon
Mountain, Avila

9-12. Relevés of the authors. Pefialara, Guadarrama
Mountains, Madrid

13, 14. Relevés of the authors. Puerto de Navacerrada,
Guadarrama Mountains, Madrid

15. Relevés of the authors. Bola del Mundo,
Guadarrama Mountains, Madrid

16-20. Relevés of the authors. Calle de los Alamos,
Guadarrama Mountains, Madrid

21-27. Relevés of the authors. Cabeza de la Parra,
Gredos Mountains, Avila

28-34. Relevés of the authors. El Arenal, Gredos
Mountains, Avila

3541. Relevés of the authors. Los Leones,
Guadarrama Mountains, Madrid-Segovia

42-49. Relevés of the authors. La Pinilla, Ayllon
Mountain, Segovia

50. Rivas-Martinez et al. (1987). Pefalara,
Guadarrama Mountains, Madrid

51. Rivas-Martinez et al. (1987). Cerro del Telégrafo,
Guadarrama Mountains, Madrid

52. Rivas-Martinez et al. (1987). From Valdesqui to
Valdemartin, Guadarrama Mountains, Madrid

53. Rivas-Martinez et al. (1987). Pico del Nevero,
Guadarrama Mountains, Madrid

54, 97. Rivas-Martinez et al. (}987). Puerto de
Navafria, Guadarrama Mountains, Madrid

55. Rivas-Martinez et al. (1987). Lomo del Noruego,
from Cotos to Valdesqui, Guadarrama Mountains,
Madrid

56. Rivas-Martinez et al. (1987). From puerto de la
Morcuera to Las Najarras, Guadarrama Mountains,
Madrid

57, 58. Rivas-Martinez et al. (1987). Puerto de
Navafria, Guadarrama Mountains, Madrid

Antonio Galan de Mera et al.

59, 60, 62. Rivas-Martinez et al. (1987). Circo de
Hoyo Cerrado, Pefialara, Guadarrama Mountains,
Madrid

61. Rivas-Martinez et al. (1987). El Nevero,
Guadarrama Mountains, Madrid

63, 65, 66, 98. Fernandez-Gonzalez (1991). Puerto de
Cotos, Guadarrama Mountains, Madrid

64, 73-76. Femindez-Gonzilez (1991). Puerto de
Navafria, Guadarrama Mountains, Madrid

67, 118. Ferndndez-Gonzdilez (1991). El Nevero,
Guadarrama Mountains, Madrid

68. Ferndndez-Gonzalez (1991). Northern slope of
Mondalindo, Riofrio, Guadarrama Mountains,
Madrid

69, 70, 72. Fernindez-Gonzilez (1991). Puerto de 1a
Morcuera, Guadarrama Mountains, Madrid

71, 77. Fernandez-Gonzilez (1991). Lomo del
Noruego, from Cotos to Valdesqui, Guadarrama
Mountains, Madrid

78. Fernandez-Gonzdlez (1991). From Cotos to
Valdesqui, Guadarrama Mountains, Madrid

79, 80, 117. Fernandez-Gonzalez (1991). Circo de
Hoyo Cerrado, Guadarrama Mountains, Madrid

81, 84. Ferniandez-Gonzilez (1991). Cabeza Mediana,
Guadarrama Mountains, Madrid

82, 83. Fernandez-Gonzalez (1991). Southern slopes
of Los Pajaros, Guadarrama Mountains, Madrid

85. Fernandez-Gonzilez (1991). From Lozoya to
Navafria, Guadarrama Mountains, Madrid

86. Fernandez-Gonzalez (1991). Arroyo de las
Guarramillas, Cotos, Guadarrama Mountains, Madrid
87. Rivas-Martinez and Canté (1987). Tablada,
Malagén Mountain, Madrid

88, 90. Rivas-Martinez and Cant6 (1987). Cabeza de
Lijar, Malagén Mountain, Madrid

89. Rivas-Martinez and Cantd (1987). Abantos,
Malagon Mountain, Madrid

91. Rivas-Martinez and Cant6 (1987). Pinares Llanos,
Malagén Mountain, Madrid
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Table 4. (continued)

92, 94. Rivas-Martinez and Cant6 (1987). Collado de
1a Mina, Guadarrama Mountains, Madrid

93. Rivas-Martinez and Cant6 (1987). La Salamanca,
Guadarrama Mountains, Madrid

95. Rivas-Martinez and Cant6 (1987). Collado del
Hornillo, Malagén Mountain, Avila

96. Rivas-Martinez and Cantdé (1987). Cueva
Valiente, Malagon Mountain, Avila

99. Rivas-Martinez et al. (1987). Somosierra,
Guadarrama Mountains, Madrid

101. Rivas-Martinez et al. (1987). Hoyo de Pepe
Hernando, Pefialara, Guadarrama Mountains, Madrid
102. Rivas-Martinez et al. (1987). Dos Hermanas,
Pefialara, Guadarrama Mountains, Madrid

103, 113. Rivas-Martinez et al. (1987). La
Salamanca, Guadarrama Mountains, Avila

104, 105, 107-110. Rivas-Martinez et al. (1987).
Cueva Valiente, Malagon Mountain, Avila

106. Rivas-Martinez et al. (1987). Collado de Ia
Mina, Guadarrama Mountains, Madrid

100, 111, 112. Rivas-Martinez et al. (1987). Cabeza
de Lijar, Malagén Mountain, Madrid

114. Rivas-Martinez et al. (1987). From puerto de
Canencia to Collado Cerrado, Guadarrama
Mountains, Madrid

115. Femandez-Gonzdlez  (1991).  Pefialara,
Guadarrama Mountains, Madrid

116. Fermandez-Gonzalez (1991). Dos Hermanas,
Guadarrama Mountains, Madrid

119. Fernindez-Gonzilez (1991). From puerto de
Canencia to Collado Cerrado, Cotos, Guadarrama
Mountains, Madrid

120. Rivas-Martinez (1963). Collado Albo,
Guadarrama Mountains, Madrid

121. Rivas-Martinez (1963). Barranco del rio Moro,
Guadarrama Mountains, Segovia

3

123. Rivas-Martinez (1963). Puerto de la Fuenfria,
Guadarrama Mountains, Madrid

124. Rivas-Martinez (1963). Puerto de Navaftia,
Guadarrama Mountains, Madrid

125. Rivas-Martinez (1963). El Ventorrillo,
Guadarrama Mountains, Madrid

126. Rivas-Martinez (1963). Puerto de Cotos,
Guadarrama Mountains, Madrid

127. Rivas-Martinez (1963). Dos Hermanas,
Pefialara, Guadarrama Mountains, Madrid

128. Rivas-Martinez (1963). Western slope of Siete
Picos, Guadarrama Mountains, Madrid

129. Rivas-Martinez (1963). Eastern slope of Siete
Picos, Guadarrama Mountains, Madrid

130. Rivas-Martinez (1963). Northern slope of Cerro
del Telégrafo, Guadarrama Mountains, Madrid

131. Rivas-Martinez (1963). Northern slope of Siete
Picos, Guadarrama Mountains, Madrid
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Fig. 3. Similarity dendrogram of the communities of Vaccinio-Piceetea in western Europe and of Querco-
Fagetea with Pinus sylvestris and P. nigra subsp. salzmannii.

In Table 4 we can observe that there are several eurosiberian plants, frequent in the Vac-
cinio-Piceetea, which extend to the Iberian Peninsula (Font Quer 1954, Ceballos 1966): Arc-
tostaphylos uva-ursi, Juniperus communis, J. sabina, Pinus sylvestris, P. uncinata, Pyrola
chlorantha, P. minor, Vaccinium myrtillus. Though the Genisteae are highly diversified in the
Mediterranean Region (Cristofolini 1997), and show a very different aspect from the Medi-
terranean communities, the distribution of J. communis and P. sylvestris is so evident in the
boreal world (Hultén & Fries 1986) that it is not necessary to create another phytosociolog-
ical class in the Iberian Peninsula. In the mountains of the Anatolian Peninsula (Turkey), there
is a similar occurence with the Abietion bornmuellerianae alliance (Rehder et al. 1994).

Group a from Table 4 consists of characteristic elements of the Querco-Fagetea, whose
presence is higher in the Iberian and Pyrenean pine groves, and so we include these in the
Pinetalia sylvestris order (Folch i Guillén 1986, Oberdorfer 1990, Bolos et al. 1993). This
order encompasses the mountain pine groves which extend from the center of Europe to the
Mediterranean Basin. On the other hand, in group b, the frequency of boreal elements 1s high-
er, defining the Piceetalia order (Clematis alpina, Erica herbacea, Homogyne alpina, Larix
decidua, Linnaea borealis, Listera cordata, Picea abies, Pinus cembra, Trientalis euro-
paea...). The Vaccinio-Piceetea class in divided into 2 orders: Pinetalia sylvestris-pine groves
which go from Central Europe to the Iberian Peninsula, contacting with elements of Querco-
Fagetea class, and Piceetalia-subalpine and alpine coniferous forests which go from boreal
Europe to the Pyrenees.
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Fig. 4. Photo of a basal community (BC) developed in a track of a chair lift, a derived community (DC),
because pine groves are favoured by crops, and natural pine groves of Junipero nanae-Cytisetum oro-
mediterranei pinetosum sylvestris (JC) [La Pinilla, Segovial.

The communities with Pinus sylvestris and Pinus nigra subsp. salzmannii
of the Sistema Central — Luzula lactea-Pinus sylvestris Basal Community (BC)

In Figure 4 there is a photo of a Pinus sylvestris climax pine grove in the center of Spain.
A great part of the forest was destroyed to install a chair lift of a ski resort. Sometime later,
this strip was invaded by Luzula lactea, while in nearby unaltered zones, there are the ele-
ments of Junipero nanae-Cytisetum oromediterranei pinetosum sylvestris. Thus, the com-
munity with Pinus sylvestris and Luzula lactea is a basal community (BC).

Junipero nanae-Cytisetum oromediterranei

It is a siliceous community dominated by Cytisus balansae subsp. europaeus, whose
origin is the adaptation of some Genisteae to the high mountain during the Alpine orogeny.
The characteristic floristic composition includes Cytisus balansae subsp. europaeus, De-
schampsia flexuosa subsp. iberica, Juniperus communis and Luzula lactea. From a phyto-
topographical point of view, it is sited on central and lateral moraines and ice fields of the
Sistema Central, between 1500 and 2500 m, on the southern slope, and 1300 to 2500 m on
the northern slope. Pine groves appear in the deepest and most humid soils.

From a chorological point of view, it is a Carpetano-Iberico-Leonesa association with dif-
ferent geographical races (Schuhwerk 1990) based on microendemisms such as: Senecio car-
petanus (= Senecioni carpetani-Cytisetum oromediterranei, Guadarrama Mountains), Echino-
spartum barnadesii (=Cytiso oromediterranei-Echinospartetum barnadesii, Gredos Moun-
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Fig. 5. Variability of the associations with Pinus sylvestris and P. nigra subsp. salzmannii in Navacer-
rada-Madrid (1) and Pico pass-Avila (2) following the association concept of Kopecky and Hejny (1974),
Matuszkiewicz (1981) and Schuhwerk (1990): a) Junipero nanae-Cytisetum oromediterranei, b) Juni-
pero nanae-Cytisetum oromediterranei pinetosum sylvestris, ¢) Pinus sylvestris DC, d) Luzulo forsteri-
Quercetum pyrenaicae; a’) Junipero nanae-Cytisetum oromediterranei geographic race with Echino-
spartum barnadesii, b’) Junipero nanae-Cytisetum oromediterranei pinetosum sylvestris altitudinal form
with Pinus nigra subsp. salzmannii, ¢) Genisto falcatae-Quercetum pyrenaicae, f) Genisto falcatae-Quer-
cetum pyrenaicae relic form with P. nigra subsp. salzmannii.

tains), Echinospartum barnadesii subsp. dorsisericeum (=Echinosparto pulviniformis-
Cytisetum oromediterranei, Gredos Mountains and Pefia de Francia), Teucrium salviastrum
(=Lycopodio clavati-Juniperetum nanae, Estrela Mountains).

Junipero nanae-Cytisetum oromediterranei pinetosum sylvesiris

This encompasses the pine groves of the Guadarrama and the Gredos mountains, sited on
more developed soil than the typical association, with a similar floristic court, though there
are some important plants such as Adenocarpus hispanicus, Linaria nivea, Luzula lactea or
Vaccinium myrtillus.

We can deduce from Table 3 that the altitudinal limit of Pinus sylvestris is quite variable,
depending on the relief. For example, we can find it below 1900 m in the Ayllén Mountains
(Segovia), while near Pefialara (Madrid), it can be found below 2200—-2300 m, depending on
the highest continentality of the locality. (Fig. 5).

The typical association, Junipero-Cytisetum oromediterranei, is a substitution stage of the
natural pine groves, and it is a perennial community where P. sylvestris cannot grow.
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Fig. 6. Junipero nanae-Cytisetum oromediterranei geographic race with Echinospartum barnadesii
pinetosum sylvestris and altitudinal form with Pinus nigra subsp. salzmannii (El Arenal, Sierra de
Gredos, Avila).

The variability of these communities is high if we also consider the development of pines
in the belt of the oak grove. In Table 3 we point out the variant with Linaria nivea. This plant,
together with Digitalis purpurea, indicates soils mainly altered by fire. The pine groves were
cleared a long time ago to obtain pasturages for cattle (Gil Garcia et al. 1996). These pine
groves belong to the Koelerio-Corynephoretea class and define a subserial variant with
Koeleria crassipes and Corynephorus canescens. In some relevés of Table 3, the presence of
Vaccinium myrtillus, which is not very frequent in the Guadarrama Mountains, is important.
This plant is more abundant in the Ayllén Mountains, in the pine groves above 1620 m
(Pinilla ski resort, Segovia); on the other hand, in Madrid it appears above 2000 m (Telégrafo
hill). This Ericaceae can always be found exposed to the cold northern winds or protected in
the glacial cirques, defining a relic form of cooler times.

Though Font Quer (1954) cited Pinus sylvestris in the Gredos Mountains, it seems that
some authors do not find it in the Sistema Central (Rivas-Martinez et al. 1987, Sdnchez
Mata 1989). Our relevés have been made near the Pico peak (Gredos, Avila), over 1300 m.
Most of these localities are on the southern slope. Here Pinus nigra subsp. salzmannii is found
frequently, giving rise to an altitudinal form of more thermic exposures. (Fig. 6). The ecolo-
gy and phytogeography of these localities have already been defined by Regato Pajares et al.
(1992), Mancebo et al. (1993), Regato et al. (1995).
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Table 6. References of the relevés of Table 5.
1-5. Relevés of the authors. Tunipero nanae-Cytisetum
oromediterranei geographical race with Senecio carpetanus
pinetosum  sylvestris. Guadarrama Mountains, Sistema
Central, Spain
6, 96, 97. Relevés of the authors. "Tunipero nanae-Cytisetum
oromediterranei  geographical race with Echinospartum
bamadesii pinetosum sylvestris and altitudinal form with
Pinus nigra subsp. salznarmii’. Gredos, Sistema Central,
Spain
7. 8. Rivas-Martinez et al. (1987). Junipero nanae-
Sisterna Central, Spain
9. Gamisans et al. (1991). TLonicero xylostei-Pinetum
salzmannii’. Central Pyrenees, Spain
10. Femandez-Gonzalez (1991). 'Senecioni carpetani-
Cytisetum  oromediterranei’. Guadarrama  Mountains,
Sistema Central, Spain
11. Ferndndez-Gonzalez (1991). Tuzulo forsteri-Quercetum
pyrenaicae’. Guadarrama Mountains, Sistema Central, Spain
12. Ninot (1996). Buxo-Quercetum pubescentis’. Central
Pyrenees, Spain
13. Ninot (1996). 'Hylocomio-Pinetum catalaunicae'. Central
Pyrenees, Spain
14. Ninot (1996). Pulsatillo-Pinetum uncinatae’. Central
Pyrenees, Spain
15. Valle et al. (1988). 'Tunipero phoeniceae-Pinetum
salzmammii’. Eastern Andalusia, Spain
16. Gamisans and Gruber (1988). Lonicero xylostei-
Pinetum salzmannii'. Central and eastern Pyrenees, Spain
17, 73-76. Vigo (1979). Hylocomio-Pinetum catalaunicae'
Eastern Pyremnees, Spain
18. Regato and Escudero (1989). "Vertical rupicolous
community with Pinus nigra Am.. Southemn Sistema
Ibérico. Spain
19. Regato and Escudero (1989). ‘Community on horizontal
rocky plates with Pinus nigra Am'. Southemn Sistema
Ibérico. Spain
20, 51, 52. Rivas-Martinez et al. (1991). Rhododendro
ferruginei-Pinetum uncinatae’. Western Pyrenees, Spain,
France
21, 53. Rivas-Martinez et al. (1991). Rhododendro
ferruginei-Abietetum albae’. Western Pyrenees, Spain,

France
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22. Rivas-Martinez et al. (1991). 'Salici pyrenaicae-
Arctostaphyletum alpinae’. Western Pyrenees, Spain, France
23, 56-58. Rivas-Martinez et al. (1991). 'Arctostaphylo
uvae-ursi-Pinetum uncinatae’. Western Pyrenees, Spain

24, 59. Rivas-Martinez et al. (1991). Veronico officinalis-
Pinetum sylvestris. Western Pyrenees, Navarra, Spain

25. Rivas-Martinez et al. (1991). Echinosparto horridi-
Pinetum sylvestris. Western Pyrenees, Spain

26. Rivas-Martinez and Géhu (1978). 'Ononido
rotundifoliae-Pinetum sylvestris. Valais, Switzerland

27. Rivas-Martinez and Géhu (1978). '‘Cotino-Juniperetum
sabinae'. Valais, Switzerland

28. Rivas-Martinez and Géhu (1978). 'Rhododendro-
Vaccinietum'. Valais, Switzerland

29. Losa Quintana et al. (1986). 'Daphno oleoidi-Pinetum
sylvestris' Sierra Nevada, Spain

30. Lépez Véez (1996). Daphno hispanicae-Pinetum
sylvestris'. Sistema Ibérico, Albacete, Spain

31. Lopez Vélez (1996). 'Junipero phoeniceae-Pinetum
salzmannii’. Sisterna Ibérico; Albacete, Span

32-34. Herranz Sanz and Gémez Campo (1986). Daphno
latifoliae-Aceretum granatensis'. Sistema Ibérico, Albacete,
Spain

35. Rivas-Martinez and Canté (1987). ‘Adenocarpo
hispanici-Genistetum florida¢’. Guadarrama Mountains,
Sistema Central, Spain

36. RivasMartinez and Canté (1987). Erico arboreae-
Arctostaphyletum  crassifoliae’. Guadarrama Mountains,
Sistema Central, Spain

.37-39, 48-50. Rivas-Martinez et al. (1987). Tunipero nanae-

Cytisetum  oromediterranei. Guadarrama Mountains,
Sistemna Central, Spain

40. Femnéndez-Gonzdlez (1991). ‘'Senecioni carpetani-
Cytisetum  oromediterranei.  Guadarrama — Mountains,
Sistema Central, Spain

41, 42. Vigo (1979). Buxo-Quercetum pubescentis'. Eastern
Pyrenees, Spain

43. Rivas-Martinez (1963). Tunipereto-Sarothamnetum
purgantis'. Guadarrama Mountains, Sistema Central, Spain
44, 45. Rivas Goday and Carbonell (1961). 'Sabineto-
Pinetumn sylvestris. Gudar and Javalambre mountains,
Sistema Ibérico, Spain
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Table 6. (continued)

46. Benabid (1984). ‘Com. Pinus pinaster var. maghrebiana
with P. clusiana var. mauritanica’. Rif, Morocco

47. Rivas-Martinez and Canté (1987). 'Junipero nanae-
Cytisetum  oromediterranei. Guadarrama Mountains,
Sistema Central, Spain

54. Rivas-Martinez et al (1991). TLuzulo luteae-
Loiseleurietumn procumbentis’. Western Pyrenees, Spain

55. Rivas-Martinez et al. (1991). 'Carici curvulae-Empetrum
hermaphroditi'. Westermn Pyrenees, Spain, France

60, 63. Regato et al. (1995). Lonicero xylostei-Pinetum
salzmannii'. Central Pyrenees, Spain

61, 62. Regato et al. (1995). Lonicero xylostei-Pinetum
salzmannii'. Sistema Ibérico, Spain

64. Regato et al. (1995). Thalictro tuberosi-Pinetum
salzmannii'. Central Pyrenees, Spain

65, 66. Regato et al. (1995). Thalictro tuberosi-Pinetum
salzmanmii'. Sistema Ibérico, Spain

67. Regato et al. (1995). TFestuco gautieri-Pinetum
salzmannii'. Sistemna Ibérico, Spain

68. Regato et al. (1995). Tunipero phoeniceae-Pinetum
salzmannii'. Sistema Betico, Spain

69. Regato et al. (1995). Hedero-Genistetum patentis’.
Sistema Ibérico, Spain

70. Regato et al. (1995). Bupleuro-Quercetum
rotundifoliae’. Eastern Pyrenees, Spain

71. Vigo (1979). Helleboro-Fagetum'. Eastern Pyrenees,
Spain

72. Vigo (1979). ‘Saxifrago-Rhododendretum’. Eastern
Pyrenees, Spain

77. Braun-Blanquet (1932). 'Lithospermo-Quercetum'.
Central Europa

78. Oberdorfer (1957). Potentillo-Quercetum'. Central
Europa

79. Matuszkiewicz (1956a). 'Querco-Potentilletum albae'.
Poland

80. Passarge (1957). Myrtillo-Pinetum'. Germany

81. Preising (1943). Dicrano-Pinetum eupteridetosum'.
Poland

82. Preising (1943). Dicrano-Pinetum typicum'. Poland

83. Matuszkiewicz (1956b). Pino-Quercetun
berberidetosum’. Poland

84. Matuszkiewicz (1954). 'Pino-Vaccinietum myrtilli"
Poland

Antonio Galdan de Mera et al.

85. Kuoch (1954). 'Abietetum festucetosum' Alpes,
Switzerland

86. Kuoch (1954). 'Abietetum melampyretosum Carex-
Variante'. Alpes, Switzerland

87. Braun-Blanquet et al. (1954). Piceetum montanum
galietosum'. Alpes, Switzerland

88. Braun-Blanquet et al. (1954). Piceetum subalpinum
myrtilletosum Linnaea-Variante'. Alpes, Switzerland

89. Braun-Blanquet et al. (1954). Piceetum subalpinum
vaccinietosum, Peltigera-Hylocomium-Variante’.  Alpes,
Switzerland

90. Knapp (1944), in Ellenberg (1996). 'Chamaebuxo-
Pinetum nigrae'. Alpes, Switzerland

91. Braun-Blanquet et al. (1954). Erico-Pinetum'’. Alpes,
Switzerland

92. Etter (1947). Molinio-Pinetum'. Alpes, Switzerland

93. Braun-Blanquet et al (1954). ‘Carici-Pinetum
engadinensis’. Alpes, Switzerland

94. Braun-Blanquet et al. (1954). FErico-Mugetum'. Alpes,
Switzerland

95. Braun-Blanquet et al. (1954). Rhododendro hirsuti-
Mugetum'. Alpes, Switzerland

98. Relevés of the authors. Tunipero nanae-Cytisetum
oromediterranei geographical race with Senecio carpetanus
pinetosum sylvestris'. Ayllon Mountains, Sistema Central,
Spain
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Oak groves of Quercus pyrenaica. Pinus sylvestris Derived Community (DC)

The potential area of Q. pyrenaica in the Sistema Central extends below 1500 m and it
has been used for a long time to favour Pinus sylvestris crops. There are several documents
from the age of Philip the Second and even earlier (Bauer 1991, Mancebo et al. 1993), which
speak about P. sylvestris used as construction wood, for heating, and to make glass; in the
Gredos Mountains some P. nigra subsp. salzmannii, stripped to obtain resin, can be found.

The oak groves of Q. pyrenaica of the Sistema Central (Carpetano-Iberico-Leonesa
phytogeographical province), can be grouped in 3 associations:

1. Luzulo forsteri-Quercetum pyrenaicae Rivas-Martinez 1963. Guadarrama Mountains and
La Alcarria, siliceous, Supramediterranean, subhumid-humid.

2. Genisto falcatae-Quercetum pyrenaicae Rivas-Martinez in Penas & T. E. Diaz 1984. Plains
of Salamanca, Zamora and Orense, Gredos Mountains, siliceous, Meso-Supramediterra-
nean, subhumid-humid.

3. Festuco heterophyllae-Quercetum pyrenaicae Br.-Bl. 1967. Sistema Ibérico in the prov-
ince of Soria and the Ayllén Mountains, siliceous, Supramediterranean, humid-hyper-
humid.

Luzulo-Quercetum pyrenaicae and Genisto-Quercetum pyrenaicae are enriched with
P. nigra subsp. salzmannii in the more thermic localities of the eastern Gredos Mountains and
western Guadarrama Mountains. Thus, relic forms of oak groves between 1100 and 1300 m
can be observed (Fig. 5). This is its most frequent altitudinal distribution in the Sistema Cen-
tral. P. nigra subsp. salzmannii is a western Mediterranean tree that in the Pyrenees can be
included in the Quercetea ilicis, in the Sistema Ibérico in the Querco-Fagetea, in the Sistema
Central in Querco-Fagetea and Cytision oromediterranei, and in the Sistema Bético in the
Cytision oromediterranei (Regato et al. 1995).

In Table 3 we can observe that the natural regeneration of natural pine groves begins with
Galium rotundifolium and Pteridium aquilinum, which are indicators of humidity and depth
of soil. If the forest has burnt, the most humid areas are enriched with Arctostaphylos uva-
ursi. In both cases the crops of Pinus sylvestris change the attributes of the soil and a distri-
bution of the characteristic plants of Querco-Fagetea, which means that P. sylvestris is fa-
voured and becomes potential as opposed to Q. pyrenaica. On the other hand, A. uva-ursi
contributes to the acidity of the soil, and so Q. pyrenaica cannot grow, but P. sylvestris can.
In some places of the Sistema Central altered by man, P. sylvestris has become potential in
the dominian of Querco-Fagetea, establishing a derived community (DC), according to Ko-
pecky et al. (1995).

Conclusions

There are two different types of Pinus sylvestris communities in the Sistema Central:

Natural Pine groves: with boreal and prealpine origin.

* Junipero nanae-Cytisetum oromediterranei pinetosum sylvestris, sometimes with
Pinus nigra subsp. salzmannii.

Crops of Pine groves: Since the Middle Ages.

* Pinus sylvestris DC, in previous potential places of Quercus pyrenaica.

Pinus nigra subsp. salzmannii is more frequent in the oak grove belt (Luzulo forsteri-
Quercetum pyrenaicae and Genisto falcatae-Quercetum pyrenaicae), forming relic commu-
nities.
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To sum up, we give the syntaxonomic scheme of the communities studied:

CL. VACCINIO-PICEETEA Br.-Bl. in Br.-Bl,, Sissingh & Vlieger 1939

O.  Pinetalia sylvestris Oberdorfer 1956

AL. Cytision oromediterranei R. Tx. in R. Tx. & Oberdorfer 1958 corr. Rivas-Martinez
1987 [Cytision europaei pro nom. mut., incl. Pino-Juniperetalia Rivas-Martinez 1964].
Siliceous Iberian Oromediterranean associations.

SAL. Cytisenion oromediterranei

AS.  Junipero nanae-Cytisetum oromediterranei (Rivas Goday 1955) Rivas-Martinez 1963
<Sistema Central>
* Geographical race with Senecio carpetanus <Guadarrama Mountains>

Geographical race with Echinospartum barnadesii <Gredos Mountains>

pinetosum sylvestris Rivas-Martinez 1963

Variant with Linaria nivea

Variant with Koeleria crassipes and Corynephorus canescens

Relic form with Vaccinium myrtillus

Altitudinal form with Pinus nigra subsp. salzmannii

CL. QUERCO-FAGETEA Br.-Bl. & Vlieger 1937

O.  Quercetalia roboris R. Tx. 1931

AL.  Quercion robori-pyrenaicae (Br.-Bl., P. Silva & Rozeira 1956) Rivas-Martinez 1975

SAL. Quercenion pyrenaicae Rivas-Martinez 1975. Iberian Mediterranean oak groves.

AS. Luzulo forsteri-Quercetum pyrenaicae Rivas-Martinez 1963 <Carpetano-Iberico-
Leonesa province, Alcarria>
* Relic form with Pinus nigra subsp. salzmannii <Western Guadarrama Mountain>
* Pinus sylvestris DC

AS.  Genisto falcatae-Quercetum pyrenaicae Rivas-Martinez in Penas & T. E. Diaz 1984
<Salamanca, Orense, Zamora, Gredos Mountains>
* Relic form with Pinus nigra subsp. salzmannii <Eastern Gredos Mountains, Avila>
* Pinus sylvestris DC

AS.  Festuco heterophyllae-Quercetum pyrenaicae Br.-Bl. 1967 <Sistema Ibérico, Soria,
Ayllon Mountains>
* Pinus sylvestris DC

*oOo%k K X % ¥

Floristic appendix

The nomenclature and authorship of the taxa in the text and in the Tables follow the Catalogue des
plantes de Maroc (Jahandiez and Maire 1931 — 1934), Flora Europaea (Tutin et al. 1964—1980), Med-
Cheklist (Greuter et al. 1984 —1989) and Flora iberica (Castroviejo et al. 1986—1997); for the bryo-
phytes and lichens we have followed the Flore des bryophytes (Augier 1966) and Les lichens (Ozenda
and Clauzade 1970).

There are some subspecies taxa which can be maintained with difficulty, though the greater part of
the taxa of the communities with Pinus sylvestris in the Iberian Peninsula are well differentiated. This
is the case of the subspecies of Juniperus communis [subsp. alpina (Suter) Celak, subsp. hemisphaeri-
ca (K. Presl) Nyman, subsp. nana Syme, subsp. sibirica Burgsd.], which have also been considered by
other authors to describe new syntaxa. The same occurs with the varieties of P sylvestris (var., nevaden-
sis Christ, var. olivicola Vayr., var. iberica Svob., var. pyrenaica Svob., var. catalaunica Gaussen), which
are not well differentiated (Amaral Franco 1986). The studies with enzymatic markers made with
Pinus nigra must be considered. A large part of the Iberian associations is based on the Iberian-North-
african distribution of P. nigra subsp. salzmannii (Blanco et al. 1996), but Aguinagalde et al. (1997)
clearly establish the presence of P. nigra subsp. nigra in Navarra (Spain).
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Zusammenfassung

Die Zusammensetzung der Wilder des spanischen Zentralgebirges, in denen Pinus syl-
vestris und P. nigra subsp. salzmannii vorkommen, wird unter phytosoziologischen Ge-
sichtspunkten analysiert und dabei mit 683 weiteren europiischen Koniferengemeinschaften
verglichen. Durch Anwendung der Kriterien von Kopecky & Hejny (1974), Foucault (1981),
Dierschke (1993) und Kopecky et al. (1995) auf die nach Braun-Blanquet (1964) aufgenom-
menen Inventare werden im Innern der Iberischen Halbinsel die Klasse Vaccinio-Piceetea
sowie die Ordnung Pinetalia sylvestris identifiziert. Die Vergesellschaftungen mit Echino-
spartum barnadesii und Senecio carpetanus werden als geographische Rassen interpretiert,
und weitere Aspekte von Junipero nanae — Cytisetum oromediterranei (Subassoziationen, Va-
rianten, Reliktformen) werden kommentiert. Vorkommen von Pinus nigra subsp. salzmannii
in Quercus pyrenaica-Wildern sehen die Autoren als wiarmeangepafte Reliktformen, in Ge-
meinschaft mit P, sylvestris als htheliebende Formen an.

We wish to express our gratitude to Linda Hamalainen for her linguistic help. This study has been
supported by the project USP 4/97 of the San Pablo-CEU University.
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