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The gypsophilous scrub communities of the
Ebro Valley (Spain)

by Javier Loini, Bilbao, and Federico FERNANDEZ-GONZALEZ, Madrid

with 4 figures and 4 tables

Abstract. A phyrosociological revision of the gypsophilous scrub vegetation of the Ebro
Yalley using all the available data is made. For the analysis of the relevés set {initially 258)
computer ordination methods, such as CA and PCA, have been applied in order 1o estab-
lish a relarionships model berween the different communmity-types. Along the analysis pro-
cess, several groups have been distinguished and successively removed until we reached to
a residual ser of 178, which has been interpreted as homogeneous and representative of the
nucleus of the main association. Part of this last ser constitures an example of biased
sampling which favourises the distinetion of rtwo groups of relevés due o dominance of vao
plants. The comparison of both groups with other taken from the same area bur without
that bias reveals, when plotted together, the real significance of the two former groups as
the cloud of the last one intermingles wath the first ones of them, Discussion abour the
meaning and syntaxonomical recommended status for cach group is also made and express-
ed in the accepred syntaxonomy; in it a new subassociation is described: Helianthemo
thibaudii-Gypsophiletum hispanicae helianthemetosum rorundifolii.
[t is argued that rypified svntaxa, such as associations and subassociations, in addition to a
clear floristical characterisanion, should have an ecological (climartic, edaphic) scope and
often a phy tc:;,::u'rrnphlca] significance. Ecotonic communities and transitional stages of in-
rernal succession could be expressed by means of variants and facies respectively.

Introduction

The Ebre river runs, in its central stretch, through a large depression (Ebro
Basin) which occupies a considerable area {ca. 20 000 sq.km) of the north-
eastern quadrant of the Iberian Peninsula. Three main surrounding mountain
ranges conceal it in a triangle-shaped depression: Pyrenees at the north, Iberi-
an mountains and the plateau {Meseta) at the south and southwest and the
Caralanidic ranges close the way eastwards (Fig. 1). This situation is respon-
sible for some peculiarities of the climate in this ter ritory, which is basically of
Mediterranean type with a str{mg!} marked -iummer—dmuuht This enclosure
of the Ebro Basin causes an increase of the aridity as well as the continental-
ity in the central part of its area; precipitation falls below 350 mm and the
mean monthly temperatures range over 18 *C. Following the phytoclimatic
typology of Rivas-MARTINEZ (1990) the considered area belongs to the meso-
mediterranean thermotype and to the dry and semi-arid ombrotypes.
On the other hand, the dominating substrata of this territory are constituted
mainly be evaporitic miocenic materials, many of them rich in gypsum. This
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#* Helianthemo-Gypsophiletum  hispanicas typicum,

41 id. salvietosum lavandulifoliae, %%id. boleetosum asper,
A id. hehanthemetosum  rotundifolii,

# Salvie-Gypsophiletum hispanicae typicum,

& id, sideritetosum spinulosac,

Fig. 1. Geographical map of the Ebro Vallev: 1 - Basque Provinces, 2 — Navarre, 3 - Ara-
gorn, 4 — Catalonia, 5 — Castile-Leon, 6 — Castile-La Mancha.

causes considerable proportion of the surface to be covered by gypsaceous
soils which, under such a semi-arid mesomediterrancan climate, support a
particular vegetation type constituted by a scrub or “tomillar”. That vegetati-
on type is very sharply characterised floristically by a significant number of
endemic taxa, strongly correlated to these soils, which traditionally has been
included in the Iberian order Gypsophiletalia within the Rosmari-
netea class. This scrub, from the successional point of view, constitutes a de-
gradation stage in substitution of the Potential Natural Vegetation of the area
which, after Rivas-MarTingz (1987) in his study of the sigmeta of Spain, is
considered to be a Quercus rotundifolia or Juniperus thurifera forest or a
Q. coccifera and J. phoenicea maquis (Querceto rotundifoliae-Sig-
metum, Junipereto phoeniceo-thuriferae-Sigmetum and
Rhamno-Coccifereto-Sigmetum). The occurrence of this vegeta-
tion at the Ebro Basin is one of the main arguments to support the ph} togeo-
graphic division accepted at present as it is shown in Fig. 2; it recognises an in-
dependent sector, called Bardenas y Monegros, inside T.I'IL Aragonesa Prov-
ince, which occupies its central part and in:?udes most of our prospected area
(Rivas-MARTINEZ . c.).

The aim of our study is to establish a syntaxonomical classification tor this
vegetation in the Ebro Valley using all the available data with the ht‘lF of multi-
variate analysis methods and in accordance with the regulations of the Code
of Phytosociological Nomenclature (BARKMAN et al. 1986).

Phytosociological studies about scrub vegetation in the Ebro Valley began
in the early fifties when BRAUN-BLANQUET and O. DE BOLOS started with
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Fig. 2. Phytogeographical division i sectors of the studied ternitory (after Rivas-Manri-
MEZ 1991}, 1 = Cantabro-Euskaldun, 2 = Pirenaico cencral, 3 = Castellano-Cantibrico, 4 -
Riojano-Estellés, 5 — Somontano- Aragonds, 6 — Bardenas v Monegros, 7 — Vallesano-Em-
pordanés, § — Valenciano-Tarraconense, ¥ — [bérico-Soriano, 10 — Celubérico-Alcarreno,
11 — Maestracense.

their general research on the plant communities of that area. Quite simultane-
ously, Rivas Gopay began his studies abourt gypsophilous scrub vegetation of
central and eastern Spain whose results appear in 1957, one year before the
monography of the former authors. These two papers establish the basic
frame of the syntaxonomy of these communities in the Ebro Basin and have

rovided us with the essental hypotheses of this work. Rivas Gopay estab-
Eshes two associations for the Ebro Valley of different geographical distribu-
tion: Helianthemo-Gypsophiletum hispanicae for the central
part of the area and Salvio lavandulifoliae-Gypsophiletum
hispanicae for its southern part, quite outside of the true depression, at
higher altitude, under quite colder climatic conditions and in other phytogeo-
graphic territory. Both were included in the Iberian order Gypsophileta-
lia. The solution of BRAUN-BLANQUET & BoLos (1958), based an a more in-
TC]'.ISi"r'ﬂ' Samp'ing OVer a sma"tr AlCa, rr:strin::tr:d (8] tI'IC l'_'ll.‘ntl'-a.l part (Jf II'IC bnsin,
propose three associations: Helianthemetum squamati, Ononide-
tum tridentatae and Lepidietum subulati which oceupy the same
mrrlmr}f {superimposed to that of Helianthemo-Gypsophiletum

ispanicae Rivas Goday 1957) and have a slight flonistical characterisa-
tion. They were separated mainly by dominance and species richness criteria
and apparently represented different successional situations. Both proposals
have coexisted for over 35 years without further discussion although most of
the subsequent contributions accept BRAUN-BLANQUET & BoLOs' solution.
Quite recently Rivas-MARTINEZ et al. (1991) and MoLmNa et al. (1994) pro-
posed classifications which are based mainly on the original Rivas Gobay’s
Criteron.
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All the relevés supplied by the literature, together with the new ones rap-
ported by us, constitute the data set of 258 relevés we will use in our analysis.
The ones addtd by us in this work were intentionally made in the area where
the concentration of samples was lower i. e. in the northwestern part of the
Ebro Basin which belongs to the autonomous community of Navarra. That
Eerl‘][ﬂr\" hﬂ"qu a Pﬁ.l"lli. LI]"ll' L\ P':. 1'.3"[ EVPSJLLUHS G]!ECILC[I]L S'L'I].'.r";tI'EI.T."l.. \l:'.lI'.I'.II:"m"n."l'IE.r
different from the miocenic ones widespread along the rest of the Ebro Valley.

Basically we will try to find out whether a classification which establishes
units occupving the same territory differentiated by the dominance of some
species over the others and in the species richness as a result of different
successional situations can be sustainable in a floristically based phytosocio-
logical system where syntaxa should have also a defined territory 1. . a phyto-
peographical characteristion,

Material and methods

The starting data set used in our numerical analyses consisted of 258 phyto-
suciulugica‘f relevés including 301 species, their sources being summarized in
Table 1. BRAUN-BLANQUET cover values were transformed to the WESTHOFT
& vaN DER MAAREL ordinal scale values, on which secondary scalar and vec-
tor transformations were applied. The or [Ema] data set and partial data sets
derived from the former by removing differentiated groups of relevés, were
submitted to ordination and classifications methods performed with CANO-
CO (TER BRAAK 1988) and MULVA-IV (WiLDI & OrLoct 1990) program
packages. Ordinatuon plots have been produced and examined with STAT-
GRAPHICS. The dimension of the matrices used in each analysis along with
some parameters about them are shown in Table 2. Species were selected for
these analysis attending to their frequency (limited by the minimum size of
the relevé groups we hypothesize as wntaxnnomlcalh discernible) and {[1e1r
consistency {algae, lichens and mosses were removed in most of the analvsis
because thev had only been recorded in BRAUN-BLANGQUET & BoLOs' rele-
vés). Clustering results were used as other criterion of selection, by removing
low presence species without geographical or gradiental meaning but which
appeared linked to some cluster -:n% relevés of the same source.

In general, Correspondence Analysis {CA) reported better results than
centred Principan Component Analysis (PCA) in showing gradients of
floristically diffléeren:iatr:d groups of relevés, This can be explained by the
gradiental complexity (involving climatic, geographical, edaphic and dynamic
gradmn[a} and the great amount of zeros (70-80 %) of the data matrices used,
which could determine distortions from non-linearity despite of data trans-
formations and similarity measures applied (Noj- MEIR & WHITTAKER 19771
On the other hand, sensibility of double standardized ordinations like CA to
small groups of rn:lu:vcs with dlwrgr.nl: species composition (NOJ-MEIR et al.
1975, GAUCH et al. 1976) seems to suit to the structure of our data. Non-cen-
tred PCA ordinations (NOJ-MEIR 1973) have shown patterns on the second
and the third axes related to the CA ones but with worse resolutions. Scalar
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Table 1. References of the data sources, column numbers of Table 4 and group symbols of

the ordination plos.

Syntaxa’
Helianthemo-Gypsophiletum:

(Hellantherneturn squamai )

(Heligrilenietim squaman}

(Lepidiensm) (Monegros)

(subass. seMtectonetosim auricse |
(Helianthemo-Gypsophilennmn |
{Heligmthema-Gypsophiletum )

(Omovidetm fidentatoe)
(Oronidem identatae)
(COnonidetum pinetosm lalepensis)
subass. salvietosum lavanduolifoliae

subuss, bolectosum asperi

subass, helianthemetosum rotundifolii:
(Heliarifermetum squarmari)

(subass, relianthemelomm ro, )
(Cvronidetin tndentatae )
(Lepidietm) (Bardenas)
Salvio-Gypsophiletum hispanicae;
subass, sideritetosum spinulosae
subass, helianthemetosum squamati

subass. typheum

Ciolumn
numbner

143
2& 3

f

B!
9 & 1
11
12

2

Plot groups

Refercnce

AlBLCDI CO3" C04° Br-BiL & Bolas 58 b, 36,
Al1B1CD1 CD3" CD4° Ochoa 82: tab. 12, tab. 112 rel 1,6 & @

Al

AJ
Al B2CD3
Al B CD35

Al Bz CD2 CDoa”
AlE2CD2CDY"

AlB2
AlB3

Al B4

Al B3
Al BS
Al BS
AS

Al
Ad

Ad

Bobis 73 (1 rel); Ursia 86; tab, 51;
rel. 4, 6-9; Blanché & Molero BE:
tab. 6 rel, 1-2,

Br.-Bl & Bolls 58: tah, 38; Baolbs 61
tab. 7, rel. 1; Ochoa 82: tab. 14,

Blanché & Molero 38; tab, & rel, 3-8,

Muolina & al, 93 tab, 7: rel. 1-10.

Rivas Goday & cols. 5T tab. 100 rel. 1-4,
O-10, rel. p. 474,

BEr.-Bl. & Bolis 58 tab, 37,

Ochoa B2: tab, 13

Br.-BL & Bolbs 58: tab. 37: rel. 29-32.

Maolina & al. 93: takb, 7: rel. 11-13; Br-Bl
& Bolis 58: tab, 346: rel. 24, 48; tab, 37
rel, 2,6, 16; Ochoa 82; tab, 13: rel 27,

Muolina & al. 93: tab. 7: rel. 14-16,
Recasens & al. B8: tab. 2: rel. 6, 9, 12;
Br.-Bl, & Bolds 58; tab, 37 rel. 16,

Ursia 8: tab. 51: rel. 1-3 & 5,
tab. 3t rel. 1-2.

Tabde 3: rel. 3-11.

Ursiza #6: tab, 53,

Ursiia 8: tab. 52.

Rivas Goday & cols. 57: tab. 6 rel. 1-6.
Rivas Goday & cols. 57 tab, 110 rel. 5-6;
Rivas Groday & Borja 61 tab, 22 rel. 1-3,
Ravies Goday & cols, 57 tab, 11: rel, 1-4,

MNides.- 1 accepted syntaxa in boldface, original syntaxonomic ascriptions in italic and between hrackets

a: relevis bearing Agropyron cristaium are included in column 3,

b Group 3 of plots C & I corresponds (o the rebevés bearing Agropyron cristamm.
c: Giroup 4 of plots C & D corresponds to the relevés bearing Erotia cenatoides,

d: relevds bearing Agropyron crisfatun are included in eolumn 10,

Table 2. Parameters of the numerical analyses,

Plot  Size of data matrix Analysis and transformations Eigenvalues

Axis | Awxis2 Axis 3
A 258 el . 193 spec. ChA, In(x+ 1) 72 296G 270
I M2rcl x 105 spec. ChA In(x+ 1) 266 (185 67
C 178 rel. x 67 spec. CA In(x+1} 240 170 46
D 178rel. x 67 spec. PCA cenered by spec., Euclidean distance 172 (105 060
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transformations modified slightly the ordinations, but vector transformations
and (in CA) downweighting of rare species introduced stronger changes. We
shall present and discuss only the mot significant performed ordinations.

Results and discussion

Diagrams presented in Fig. 3 show the relevé ordinations obtained after the
different numerical analysis we have submitted our data set. The upper two
ordination plots represent the ordination after a CA without downweighting
of low represented species of the total amount of available relevés (258). Both
show comparable results in the sense that axis Al discriminates clearly, in its
positive part, [wo groups of relevés both determined as Lepidietum sub-
ulati by their respective authors. The more deviant group (5) corresponds
to the table of UrsUa (1986) constituted by relevés made on gypsaceous cliffs
excavated by the rivers in which crevices grow some graminoid hygrophilic
plants such as Limoniem viciosor, Agrostis stolonifera and Schoenus nigricans
together with some chasmophytes such as Antirvhinem barrelieri or Sedum
album and gypsophytes such as Lepidium subulatum. In any case these com-
munities are clearly paucispecific in comparison with the rest of the studied
ones, and the commented circumstances are certainly responsible for the
strong deviation of this group. The other group (2), identified as Lepidie-
tum subulati, belongs to the original table of this association coming
from the central part of the basin and bears a quite clear independence shown
by the big accumulation of most of the relevés and the separation from
group 5; the differences with the last one become even more relevant after axis
A3, Floristically the presence in group 2 of Fernla communis, Diplotaxis vir-
ata, Artemista berba-alba, A, valentina and Peganwm barmala separates it
?'mm group 5, while Thapsia villosa is present in both and differentiates them
from the others. It is important to signify that all these mentioned plants
have low frequency in these groups ufbrr:lcvés; they are exclusive or show a
higher concentration on them but they do not necessarily characterise them.
That suggests that both groups 2 and 5 have been so clearly separated in the
ordination because they lack many frequent Rosmarinetea taxaas well as
the commonest Lvgeo-Stipetea companions. That means that axis Al
reveals floristical impoverishment towards its positive side. Lepidinm subula-
tum, in spite it bears high frequency in both groups, cannat be considered
exclusive of them as there ca. 15 % of frequency 1s to be found in the rest of
the groups, Although not characteristic tor group 2, G}'p.ﬁ'upf}ffri hispanica
disappears from group 5.
Axis A2 displays in its positive half an extreme group formed mainly by
4 and 6 relevés which correspond to the Salvio lavandulifoliae-Gyp-
sophiletum hispanicae, well differentiated floristically and phyto-
geographically: Celtubérico-Alcarrefio sector. Their distribution along axis
A2 also reveals the proximity of group 6 to 1, which is original from the cen-
tral part of the Ebro Valley: Bardenas y Monegros sector; these group 6 rele-
vés come from the district of Calatayud, limiting to that Bardenas y Mone-
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Fig. 3. CA plots for 258 relevés {axes A1-A3) and for 212 relevés (axes BL-B3). See text for

explanations,
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the same relevé set but axis Al vs. A3 and shows a strong deviation of group
3 relevés along the positive half of axis A3, the same as happens with the ones
of group 2 as commented above. These group 3 relevés correspond to the
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Helianthemetum squamati senecionetosum auriculae described
by BLancHE & MOLERO (1988) representative of some contacts between
gypsaceous foothills and 111]:'.|phvt1r. depressions, quite sharply charactensed
floristically by the occurrence of some halophytes such as Senecio anricula
and Limonim aragonense,

The above commented groups 2-5 have been removed to explore the struc-
ture of the remaining 212 relevés belonging to the group 1. The lower two
plots of Fig. 3 show the scores produced by a CA applied to this reduced
data set without downweighting of rare species. Axis B establishes a poorly
resolved gradient between Helianthemum squamatum-dominated relevés
{group 1) and Ononis tridentata-dominated ones (groups 2-5), which will be
commented later. Rivas GODAY's relevés (group 6) are separated in two sub-
groups, one of them close to gr. 1 and the other one occupying an intermediate
positon.

Axis Bl and B2 show some differentiation patterns within the Owmonis-
dominated groups of relevés. Positive values on these two axes separate group
4, related to the communities original from the lower and warmer parts of the
basin with differennal taxa hke Bolewm asperwm, Fumana bispidula and
Thymues loscosii as well as the absence of Gypsophila bispanica. For these com-
munities was described the subassociation Helianthemo-Gypsophi-
letum boleetosum asperi (MOLINA eral. 1994).

Extreme negative values on the three axes separate four relevés coded with
the symbal of group 2 and belonging to the subassociation Ononidetum
tridentatae pinetosum halepensis, described by Braun-Bran-
QUET & BoLGOs (1958) for dynamic transitions between Ononis tridentata-
scrubs and Pinwes balepensis forests with Juniperns phoenicera or [, thurifera.
High cover values of these small trees (specially tfe pine) indiv idualize the
group, which can be seen as an extreme dynamic variant.

Axes B2 and B3 establish another discrimination of phytosociological
meaning between group 2 (Ononidetum tridentatae from the central
basin for Monegros subsector) and group 5, assembling the relevés from
southern Navarra (Ursua 1986 and Table 3) which are correlated to oligo-
cenic substrata and bear Helianthemum cinerenm subsp. rotundifolinm, ab-
sent from the rest of the Ebro Basin. Separation between groups [ and 5 can
be observed along axis B1, though some relevés from Bardenero subsector
{southern Navarra) but dominated by Helianthemum squamatum appear in-
termingled with those of H. sgramatum from the central basin.

For these reasons Navarran relevés can be grouped in a clear syntaxon
which also occupies a defined territory: the Bardenero subsector within the
Bardenas y Monegros sector (Rivas-MaRTINEZ et al. 1991). The rest of the re-
levés occupies a wade area in the diagram and their ordination shows two main
features: 1 — axis B2 group in its positive part the relevés bearing Ononis tri-
dentata while B1 does the same in its negative part. The result is that the up-
per part of the diagram concentrates most of the Ononidetum triden-
tatae relevés while the lower part concentrates the Helianthemetum
squamati ones; 2 — relevés of group 6, coming from Helianthemo-
Gypsophyletum hispanicae tables, representatives of the complete
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Table 3. Helanthemo thibaudn-Gypsoplilerum hispanicas subass, helianthemetosum
romundifolii.

Altitude {1=10m} a5 4 ki) 28 25 32 42 31 44 7 S0

Arca (1 =10 m®) o W W oW 1w oW oW W W 4 A

Relewé number 1 2 3 4 5 f 7 E 9 11
Gypraphilion and Gypiophifataie characer-laxa

Hemiaria friticosa 1 2 2 1 1 1 2 1 1 1 2

Helianthemuing squaniaim 2 1 1 + + 1 F 1 i 4

Lawnaca purila 1 1 1 + I . 1 + | 1 1

Cnemis tridentata + + + z 3 2 2 3 3

Lawenaea fragifis . . . . 1 - . . .

Lepidium subulaturn . . . . . . . i
Drifferential-taxon of the subassmba:mu

Heltanthemum rotrdifolium 1 1 1 + 1 i i
Rosmarinetalioc and Rotearnetea character-taxa

Thymes vilgens 1 2 2 4 2 1 1 2 2 2 1

Crenisla sooriuy Z I 1 H 2 1 2z I z + +

Teucnem capifatitn 1 + + + 1 + 1 1 1 1 1

Altraciylis hueeilis [ i 1 1 1 ' 1 + + 1 +

Fumana ercoides 1 1 1 i 1 [ 1 { 1 1 i

Helignihemum thibawdii 1 2 2 | 1 1 1 1 2 1

Rosmarinus afficinalis B 3 3 3 3 3 3 .

Cowrkd racspreliensis + 1 ; + + + 1 1

Feomvana thymifolia y 1 1 + e + +

Asperla anilain : ; + ; : 3 + + 1 £

Thesim divarcaium £ 4 . . - [ B

Buplewrnem fricescens + . . & +

Lingirt s1freticosum : : ; 1 1 . ; i :

Astragalus incanus : ; : : : ! 1
Companions ( Lygeo-Stipeted, Saliolo- qunﬂm. LIL}

Helickrysum stoechas 1 + 1 + + + 1 + [ : +

Brachypodinm refusim g + 1 | i 2 ) | z i |

Koclerig vallesiana - 1 1 y 1 2 ]

Lypeurn spartinn - . - i - H - +

Stipar parvifTona £ 3 i : b : 1

Santoding chamaecypansig i ! + . . ; 4 ) i 1 +

Junipens phoenicea + 2 . + ‘

Asphodelus ramosus ; + i ] : ; [ . +

Aveneda hromaoides ! 4 ] : i +

Chelnodopiie bacess . i ] . . i 4 .

Crmrvedvler Tneaiuy . . . 1 + .

Flantegn albicans : p . : i : 1 { i +

Ruti angristifolin | f i i . 1 +

Species present in only one releve, — Oldimtiter fongaferar 101), Matthede fneicedose + (2], Campliorosing siens-
peliaca + (2), Eneganen campestre + {3, Hedvarmm confertiene + (4), Lovendule fuifolia + (6), Sedin sediforme +
(6h, Cormnilla toreddes 1(7), Dorvonium pestapliplum | (T), Exphorbia serate + (7}, Beseda plogesoa + (), Plamagn
enaritivag + (), Resedla seeicra 4 (10}, Heliortiennon figuem {00, Aaentisio ferba-affa + [11).

Localitics, dates and UTM coordinales of the relevis, — F: Caparroso, 506,100, 3TXM DH; 20 Sesmia, T 5L
IOTWNAY 3 Lodesa, 761990 30TWM 7 4 Bardena Blanca, Argucdas-Ermils Muestra Sciors del Yoo, 506,199,
IOTXMIET, 5 Bardena Blanca, Arguedas-Murilbo de lis Limas, 5001990, T XM26 tymey sacbass ) 6 Poralta, T 191,
STWMH, T2 Rincin de Soto-Acagra, 24000080, 30TRMOT, 8 Peralia, towarnds Aodesilla, 70,0090, 30TWMUE W Ses-
ma, 700 1L WTWRT0 10 Andosilla- Poralla, 96 190ES, 3ITTWRMEY 11 Aotol, 230, 195G, HITWMAET, Raolovis 110 from
prewinee of Navarra, 11 Trom Eogroan,

floristical gypsophilous flora of the territory, are randomly distributed over
the area covered by the Ononidetum tridentatae-Heliantheme-
tum squamati cloud (a preferential concentration in its central part is
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however observed). If we consider this, it suggests that the Ononidetum
tridentati and Helianthemetum squamati relevés were made fol-
lowing a biased criterion trying to distingwish diverse successional situations
that, in spite of it, are weakly characterised from the floristical point of view.
The status of facies could be sufficient to shelter them.

Furthermore, positive values on B2 and negative ones in B3 slightly separate
group 3, corresponding to some relevés coming from the colder, northern
parts of the central basin, mainly differentiated by the occurrence of Salvia
lavandulifolia, This group, tightly closed to the central basin Ononide-
tum, corresponds to the subassociation Helianthemo-Gypsophile-
tum salvietosum lavandulifoliae (MoLiNA et al. 1993).

Next step concerns the analysis of the remaining 178 relevés which con-
stitute the nucleus of the gypsophilous serubs in the Monegros subsector.
Differentiation between Helianthemetum squamati and Ono-
nidetum tridentatae is particularly critical and decisive for the syn-
taxonomy of these communities, First we have applied a Jancey’s ranking
upon F-values (program DIAN of MULVA-IV) to the set of relevés ascribe
by BRAUN-BLANQUET & BoLoOs (1958) and OcHOA (1982) either to Ono-
nidetum tridentatae (65)orto Helianthemetum (73 relevés) and
not segregated in previous analyses. The more discriminant species between
these two groups were Omonis tridentata and Helianthemum squamations,
the F-value of the former was roughly twice as the second, and this was
twice as the next ranked species, irrespective of scalar transformations ap-
plied. Several plants of Rosmarinetalia (Heltanthemum marifolium,
Thymus vulgaris, Genista scorpins, Atractylis bumalis, Linwm suffruticosum,
etc.), Brachypodium retusum, Avenula bromoides and Ec-bz'naif ritro appear
among the most differential species of Ononidetum; on the other hand,
differential plants of Helianthemetum are fewer at high ranks: Plantago
albicans, Thymus zygts, Agropyron cristatum, some therophytes (Aegilops ge-
niculata, Neatostema apulnm, etc.) and some lichens. None of these species is
exclusive of one of the groups; the first ranked exclusive vascular plants has
less than 10 % presence. Regardless the weakness of their floristical differen-
tiation, a Fisher’s discriminant analysis (not showed) performed by the same
program with the 30 first ranked species resolved the two groups structure on
the first axis with a moderate ambiguity zone (which increases if presence-
absence transformation is applied) and reallocated a few relevés. The realloca-
tion of relevés based on group centroids by H-means algorithm of program
REAL (MULVA-IV) produces around 10 % of fluctuating reclassiil?catiunsr
depending on the transformations and similarity measures applied.

All these considerations suggest that Ononidetum tridentatae and
Helianthemetum squamati relevés were made following a biased cri-
terion, largely based on dominance of name-giving species and trying to
distinguish diverse succesional situations tha, in spite of it, are wcakf)ﬁ C?Ial'-
acterised from the floristical point of view. When we add the relevés of Rivas
Gonay (1957) and those of MoLINA et al. (1984) to the data set, the main
trend separating Ononis-dominated from Helianthemum-dominated relevés
is maintained, but the cloud of points adopt a globular shape denoting a large
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Fig. 4. CA (axes C1-C2) and PCAS {axes D1-D2) plots for 178 relevés. Sec text for expla-
FATIGN,

intermediate zone between the extreme nodes. This is shown in the CA axes
C1-C2 and the PCA axes D1-D2 of Fig. 4.

Axis C1 of CA discriminates Helianthemetum (groups 1 and 3, at the
positive end) versus Ononidetum (group 2) with a large central zone oc-
cupied by transitional relevés of Helianthemetum bearing Genista scor-
piss or Thymus vulgaris and low presence of Thymus zygis or Plantago albi-
cans, as well as Ononts-dominated relevés with poorer representation of
Rosmarinetalia elements, or even with “differential” species of Heli-
anthemum, like the MOLINA et al. and Rivas GoDay’s ones (relevés of
group 5, most of them Omnonis-dominated). The most “typical” Heli-
anthemetum, with (group 3) or without (group 1) Agropyron cristatum, is
projected to the positive extreme of the axis while Ononidetum relevés,
with more species of Rosmarinetalia, is sent to the opposite end. Axis
(2 establishes minor differentiations of some deviating relevés with Tewcrium
aragonese, Santolina chamaecyparissos or Enrotia cevatoides (group 4). It also
differentiates slightly Ononidetum relevés bearing Atractylis }.?um;'fz's and
Brachypodiwm retusum versus the ones bearing Helichrysum stoechas and
Helianthemum marifolinm, as well as some of the Rivas GoDAY's relevés
{group 5) versus the remaining ones of Helianthemetum. Axis C3 (not
shown) only introduces a slight separation of relevés with Enrotia ceratoides
{group 4).

Omonis tridentata and Heltanthemum squamatum are respectively projected
to the positive and negative ends of both PCA D1 and D2 axes. The already
commented differential species of Helianthemetum and Ononide-
tum are also projected to the corresponding ends of compaonent D1, but on
component D2 the contribution of Ononis is strengthened by some differ-
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entials of Helianthemetum, like Plantago albicans and Thymus zygis,
and vice versa, the contribution of Hellanthemum sqguamatim w the nega-
tive part of the axis is accompanied by Rosmarinetalia species (Rosma-
vinus officinalis, Heltanthemum marifoliwm and Thymus vilgaris). This
reveals the reticulate patterns of the data set and the impossibility of distin-
guishing with some nﬁjectiv[t}r these two associations at any syntaxonomical
level. Both CA and PCA first axes could be interpreted as the expression of a
gradient which goes from the pioneer and gypsum-dependent to the more
developed and less substratum-influenced communities; the best floristic
criterion to discriminate these extreme situations seems to be the relative
dominance of Ononis and Heltantherum, but we consider that it is insuffi-
cient to support phytosociological entities.

Accepted syntaxonomy

Rosmarinetea officinalis Br-Bl 1947 em. Rivas-Martinez, T.E. Diaz,
Fernindez Prieto, Lowdi & Penas 1991
+ Gypsophiletalia Bellot & Rivas Goday in Rivas Goday 1957
* Lepidion subulati Bellot & Rivas Goday in Rivas Goday 1957
i G}rpsnphileniﬂn hispanicat (Br.-Bl. & Bolos 1958) Molina,
Loadi & F Ferndndez-Gonzalez 1994
I. Helianthemo thibaudii-Gypsophiletum hispanicae Rivas
Goday 1957, corr. Rivas-Martinez, Biscones, T.E. Diaz, E Ferndndez-
Gonzalez & Loadi 1991
la. subass. typicum Rivas Goday 1957
1k, subass. salvietosum lavandulifoliae Molina, Lowdi & Ferndn-
dez-Gonzdlez 1994
lc. subass. boleetosum asperi Molina, Loidi & F. Fernindez-Gon-
zalez 1994
1d. subass. helianthemetosum rotundifolii nova
2. Salvio lavandulifoliae-Gypsophiletum hispanicae Rivas Go-
day 1957
2a. subass. typicum Rivas Goday 1957
2h. subass. sideritetosum spinulosae (Rivas Goday 1957) Molina,
Loidi & Fernandee-Gonzdlez 1994

Conclusions

Along the analysis process we have learned thac

1 — numerical analyses reveal deviations of relevés due to differences in flo-
ristical combinations at different levels

2 — the meaning of these differences in combinations is diverse: a) some are
due to variations in dominance with or without additional impoverishments,
b) others to dynamic ransitions between commumnities of different succession-
al role or ¢) to phytogeographical {or climaric) factors. From the phyto-
sociological point of view, these three cases have a growing importance as far
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as dominance variations could be rreated as facies, transitional situations due
to ecotones or o dynamism as variants and the last ones as subassociations
or associations depending on the floristical independence and the territorial
scope of the ctmsigva]'ed unit.

After the successive steps of the ordination procedure, we have been remov-
ing groups of relevés as long as they were being placed in eccentric positions
in the ordination plot. The order in this successive remaoval is not correlated
with the syntaxonomical status or rank we have finally accepted for each of
these groups. The reasons for this are various and some of them have already
been explained above in a certain degree, specially when groups diverged be-
cause of species poverty or presence of rare plants.

Computer-assisted ordination cannot be the main criterion to perform a
classification of a relevés set, even more when that classification is based in the
floristic composition of relevés and fidelity of taxa to the different groups of
them. Even more, phytogeographical criteria, as determinant for climate and
history, are decisive in our syntaxonomical arrangement and often the deter-
mination of a floristically well characterised group to be an association or a
subassociation is decided by the meaning of its distribution. Both syntaxa are
defined essenuially by a charactristic taxonomic composition but phytogeo-
graphical significance should give us an important criterion to rank them in
the way that associations and subassociations (i. e. typified syntaxa) have a
phytogeographical significance while variants have an ecological (e. g. transi-
tions, contacts by means of edaphic factors) or successional one and faciations
could be the expression of dominance situations within the community-type
internal succession, Although this is in a certain opposition to classical think-
ing within phytosociology (WESTHOFF & VAN DER MAAREL 1973), we believe
that type fixation has to be linked to a circumstance from which results a
constant floristical independence such as the strong ecological or succesional
characterisation as well as to phytogeography. This last feature is cimaucally
and historically sigmificant and has a comparable, or even sometimes higher,
constancy than ecotonic transitions between different associations or subas-
sociations and even more than dynamical situations which can be quite ephe-
meral.

As a consequence of the results obtained from the different analysis and in
application m‘[ the mentioned criteria, we have constructed the synthetic
Table 4, in which all considered data are represented and ordinated in order to
justify the accepted classification. In it predominates the synthetic phytogeo-
graphical criterion for which each association has a territory over which it
exercises a sort of jurisdiction within its ecological (edapho-topographic, suc-
cessional and climatic) conditions. Slight vanations due to management or to
topographical situations which result in inconspicuous floristical differences
or sometimes just in an impaoverishment of its species composition are not
considered as different syntaxa. This last case could lead us to consider as
similar two poor relevés of quite alike floristical composition located in two
different territories in which there exist a diverse floristical context for each of
them. If two vegetation tables are made for each of these territories and, as a
result of this comparison, two different syntaxa can be recognised, each of
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Table 4. Synthetic table of the suballiance Gypsophilenion hispanicae in the Ebro Valley.

Mumber of relevés 232718 6 8112230 6 4 9 7T 6 219 7 6 5 4
Column number 1 23 4 5 6 7T 8 91011121314 1516 17 18 19 X
Civpsophilion and Gyprophitetalia characler-laxa
Hemiana fruticose 4 5 4 4
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these two apparently similar relevés should be classified in its corresponding
syntaxon and not together. They belong to different phytogeographical terri-
tories and statistically this is reflected in the respective vegetation tables: syn-



Table 4. (cont.)

Column number
Astragalus incanus
Buplewrum fruticescens
Helignthermum hirfum
Hedysarum confernurm
Thyreldea tnciona
Sigeritis spinulosa

Cistres ehusii

Thesium divaricatum
Lavandula latifolia
Astragalus monspessulanus
Astragalus alopeciroides
Centaurea linifolia
Cnenis pusilla
Euphorbia nicasensis
Euphorisia minula
Tencrinm anagonense
Sideritiy (feifolia

Companions {Lygeo-Stipetea, Salsolo-Feganeten, eic)

Brachypodium retusiem
Koelera vallesiang
Avenuln brovnoldes
Artemizia herba-alba
Flantago albicans
Sedum sediforme
Stipa parvifiora
Lypeurm sparturt
TRYTHIS ZNES
Echingps ritro

Stipa offnert
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Neatosterma apulien
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Stipa barbata
Hippocrepis ciliata
Catapodinm rgidum
Leuzea conifera
Scabiosa stellata
Aemilops penicilnia
Thapsia villosa
Euroita ceratoides
Crdantites longiflora
Sediern albuem
Aremisia plitinesa
Feganwm harmala
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See Table 1 for explanation of relevé groups synthetized in cach column,

taxonomy needs a statistical basis. The local episodes, such as impovenish-
ment of species composition, cannot lead us to accept a chaotic synsystematic
where syntaxa have lost its ph}rtogegrap]‘:ica] character.

26 Phyrocoenologia 24
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Qur case is essentially the opposite: three associations: Ononidetum
tridentatae, Helianthemetum squamati and Lepidietum
subulati, were described in the same area where previously Helianthe-
mo-Gypsophiletum hispanicae was established. If we accept that
the three former syntaxa are the result of the topo-successional segregation of
the last one and that all of them constitute a single association, according to
the CPN, priority corresponds to the last name.

Finally, as quoted in the accepted syntaxonomy, we accept two associations
which are very sharply distinguishasble from the floristical and phytogeogra-

hical point of view: Salvio lavandulifoliae-Gypsophiletum
Eispanii_‘af and Helianthemo thibaudii-Gypsophiletum hispa-
nicae. Inside the first one, two subassociations are recognised: the typical
oneand sideritetosum spinulosae, orgmal from the southern part of
its scope. The second association is divided into three subassociations besides
the typical one: salvietosum lavandulifoliae of climatic, and secondar-
ily geographic, amplitude, and other two with strong floristic and phytogeo-
graphic significance: boleetosum asperi of the lower and warmer areas
of Sm scope of the association and helianthemetosum rotundifolii
(typus: rel. 5 Tab. 3) which develops on the oligocenic gypsum of the north-
western part of the area, with somewhat colder and more rainy climate.
These last two units could be considered as true associations if floristical in-
dependence would be only regarded. Mevertheless, if we consider thar the
nucleus of this vegetation in the Ebro Basin lies in its central part, the peri-
phery of its scope experiments a decrease in true gypsophytes which are sub-
stituted by transgressive plants of a Rosmarinetalia optimum. This peri-
pherical impoverishment of genuine elements of a so sharply characterised
vegetation type has lead us to consider them as subordinate parts of the
nucleus and this opinion has been expressed in the syntaxonomical arrange-
ment. To give up to a blind classification constructed by bare floristical differ-
ences is, in our opinion, a loss of informartion anc{ even Wworse, an im-
poverishment of the interpretation capabilities about the phytogeographical,
environmental and even historical circumstances of a studied vegetation type.

About the rest of the units described in the literature, as commented above,
they do not merit a typified status in our syntaxonomy as most of them
represent either a situation of dominance of a particular plant, an extreme fla-
ristical improverishment or insufficiently sampled ecotonic communities.
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