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ABSTRACT 
A large group of Pyrenean springs has been studied, both from a biological and 

physico-chemical point of view. Here we present a cluster analysis of 94 springs 
according to their faunal and floral composition. This classification allowed the 
recognition of two principal groups of springs relatad to their mineral content and the 
lithology of their areas: one group is characterized by species indicativa of hard and 
calcic bicarbonate waters of the southem part of the Pyrenees, while the other one 
corresponds to species of high mountain with low or very low mineral content and 
neutral or slightly acidic character. Within these two main clusters a further distinction 
can be made between permanent and less stable or fluctuating springs. Then, the 
species were classified on the basis of their presence on the springs. The resulting 
groups could be used as indicators of different physico-chemical conditions. 

INTAODUCTION 

The interest of springs as rather special small aquatic ecosystems, both from 
an ecological and biogeographical point of view, has been notice by severa! authors 
(Margalef, 1983; Nielsen 1950; Odum, 1971; Hynes, 1970; Thienemann, 1925; Brehm, 
1950; Lindegaard & Thorup, 1975; Thorup 1966; Botosaneanu & Negrea, 1961; Loffler 
1964). While accurate geological classifications of springs. exist, the biological or 
limnological ones are either partial or they are limitad in scope to morphological and 
physiographical · characteristics (Bomhauser, 1912; Steinmann, 1907) and cannot 
encompass the great variety of these environments in a given area 

A first approach to a limnological typology of springs has been carried out by 
one of the authors (Roca, 1990a), based on the physics and chemistry of Central 
Pyrenean springs, and it revealed a bread spring spectrum reflecting the complex 
lithology of that area. In the present study 94 springs are grouped on the bases of 
their species composition. ·The resulting group of springs with similar species 
composition can be comparad with those previously established according to their 
physics and chemistry. 

STUDY AREA 

Ninety tour spring were selected from a more extensiva sampling carried out 
during the years 1986 and 1987 (Roca, 1990a). They are situated in the Central 
Pyrenees, in the watersheds of the rivers Noguera Pallaresa, Noguera Ribagorzana, 



284 

Esera and Cinca, which are tributaries of the Ebro River; 
The northern part of this area occurs mainly on limstones in the west and on 

siliceous non-permeable substrates {granites, slates) in the East. The southern part 
consists of calcareous series and sorne evaporite rocks, mainly of Triassic origin 
(Keuper). The altitudes of the springs range from 400 to 2160 meters above sea leve l. 

MATERIAL ANO METHODS 

Each spring was visited only once and environmental characteristics such as 
seasonality {i.e., permanent / l:)easonal and temporal springs), flow volume and 
chemical composition were recorded {detailed data can be found in Roca 1990a). The 
sample of springs is heterogeneous with regard to their structure {boils, channels, 
small ponds) as well as to their substrate {sediment, gravel, bryophytes, 
phanerophytes, pebbles). AII the combinations between these structures and 
substrates were included in the sample. The communities were sampled using sives 
of 100 µ, 250 µ mesh size. Biological material was fixed and conserved using different 
thecniches {Lincoln & Sheals, 1979; Valdecasas & Saltanas 1989) depending on each 
taxonomic group. 

The SPSS-X software was used to perform an UPGMA cluster ané11ys1s of the 
94 springs so as to identify those springs characterized by similar species 
compositions. The original data set with 388 taxa {Roca, 1990b) was reduced twice, 
first to a subset of 100 taxa, and then to subset of 84 taxa. The two data matrices 
were analysed independently forthe 94 springs. Matrix 2 is formed by a representative 
sampling of each taxonomic group, with a total of 100 taxa, from which cosmopolitan 
taxa as well as very rare species have been previously removed in an attempt to 
follow the most communly accepted procedure used by ecologists to reduce data to 
a manageable size for multivariate analyses. Typical running water species {most of 
them plecoptera and ephemeroptera) were removed to for matrix 1, with a total of 84 
taxa. 

RESULTS ANO DISCUSSION 

The dendrogram of Fig. 1 corresponds to the cluster analysis of matrix 1. These 
classifications is clearly chemical, since it reflects the mineral content of water, which 
is well correleted with the geographic and lithology of the Pyrenees. Springs appear 
to be grouped according to a gradient of total mineral content, as measured by their 
conductivities, which range from above 700 µS cm·1 {left half of dendrogram) to less 
100 µS cm·1 {right half of dendrogram). The following groups can be distinguished in 
this dendogram: 

{1) Group 1: Springs with high mineral content {>700 µS cm·1) and dominance 
of sulphates and/or chlorides, distributed in the southern Pyrenees (i.e., the marginal 
sierra) on Keuper outcrops. They are situated at low altitude and show the highest 
temperaturas of all the springs (11 to 16 ºC.). 

A summary of their characteristic taxa is shown in Table 1, column 1. In 
general, their fauna is not very diverse. Only a few species of phanerophytes can be 
considered typical of these springs, while bryophytes have a higher number of 
characteristics species. Very hard waters (sodium chloride) have very poorly diversified 
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communities with clearly halophilous species; these species are also of endorheic 
ponds (Alonso, 1985). 

(2) Group 11: Springs with moderate mineral content (300- 700 µS cm·1), with 
calcium and bicarbonate waters, distributed in the calcareous Pyrenees. Many of them 
are karstic (Roca 1990a) with temperaturas ranging from 7 to 11 ºC. The species 
assembleges of their biological communities are clarly defined (Table 1, column 2). 

(3) Group 111: Springs with low mineral content (100- 300 µS cm·1), with calcium 
and sulphate waters, occuring at high altitudes, mainly on graphite slates. Their 
temperatura is low (5-1 O ºC), and they have high levels of dissolved oxygen. Table 1, 
column 3, lists the taxa defining this group of springs. 

(4) Group IV: Springs with very low mineral content (O- 100 µS cm·1), with 
calcium and sodium bicarbonates and neutral (7 to 7.3) or sligthly acidic (6-7) pH 
values. They occur at high altitudes on siliceous rocks (granites). Their temperatura 
is low (1 to 7 ºC.) and their oxygen concentration is high. They are characterized by 
a large size and a high speed of flow. Their communities are formad by rather specific 
taxa, which are rarely found in other types of springs (Table 1, column 4). There is a 
dominance of bryophytes over macrophytes, because of the more efficient absortion 
of C02 by bryophytes, which is the main source of C in acidic waters (Bain & Proctor, 
1980; Peñuelas, 1985; Martinez-Abaigar, 1989). Most of the bryophytes are oblígate 
aquatic species with a cleartrend to rheophily (Vitt & Glime 1984). The speed of flow, 
temperatura and pH are ali very fluctuating because of the melting and freezing cycles, 
typical of · high mountains. These unstable environments are .occupied by a 
cosmopolitan biota. Algae are the only primary producers (Margalef, 1948). 

The dendrogram of Fig. 2 can be interpreted in physical terms. The first main 
cluster (1) contains fluctuating seasonal springs, eutrophic springs with periods of 
drought, and spring with extreme salinity values; the second cluster (11) is composed 
of stable permanet springs. This sama division can be observad in the formar 
dendrogram (Fig. 1) within the large group of calcium bicarbonate springs (lla and llb). 

Within group II two subgroups can be further distinguished: 
(1) Group lla consists of low-flowing and calcium bicarbonate ... prmgs with an 

important development of macropyte. Taxa indicativa of low-flowing springs are notad 
with an * in table 1. 

(2) Group llb includes springs with high and very high speed of flow. This group 
is heterogeneous in mineral content, although calcium bicarbonate waters are 
dominant. Taxa indicativa of high-flowing springs are noted with ** in Table 1. 

Macrophytes in the fastest waters make serve as a refugium against the current 
for many organisms, which reach their highest diversity there. Permanent spring with 
moderate or lowing flowing rates have a great constancy in flow, temperatura and 
other variables, allowing the development of a mosaic of communities (Margalef 1983) 
that can shelter faunistic elements with different origin (Hynes, 1970; Thienemann, 
1925); for instance one can observe the occurence of subterranean, lotic, lentic and 
stenoic species segregated in different habitats within these springs. 

The most fluctuating springs (the seasonal and temporal ones) usualy show 
periods of extreme hydrological conditions (Roca 1990a) as well as a trend to 
eutrophication. Fluctuations of the hydrological regime favour the development of a 
plocon of chloroficees an acelerates the nutrient cylcle (Roca 1990b). Organic matter 
of allochthonous origin accumulates in seasonal stagnant springs because of 
incompleta decomposition, and its excess produces chemical anomalies in water (i.e., 
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high levels of sulphates and nitrates Roca 1990a). Sometimes eutrophy is maintained 
or even originated by cattle frequentation. This situation is generaly detectad · by a 
great increase of nitrate compound (Roca 1990a). Other sources of eutrophication are 
uncontrolled dumps from farms and tourists (Roca 1990a). Temporal springs with a 
clear interrumption of a flow do not allow the development of macrophytes; only sorne 
species of mosses are able to tolerate drought (Mniobryum delicatu/um, Eucladium 
verticillatum, Philonotis ca/carea) (Roca 1990b). Mosses constitute the only habitat 

, with a relativa richness of animals (e.g., sorne nematodes, oligochaetes, and even a 
few trichopters). The sediment of these springs is extremly poor on species, which are 
limitad to a few nematodes, oligochaetes and ostracodes (Roca 1990b). 

L---l l - - - - - • ---- • _ -- --··- --- - -- _ -- ______ 1, _ -- -- _ ----- b ------- • -·· _ __j .___. 
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Figure 1. Dendogram of the 94 springs, based on 84 taxa, using the Jaccard similarity 
coefficent. · 
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Figure 2. Dendogram of the 94 springs basad on 100 taxa, using the Jaccard similarity 
coefficient. The following correspondences are observad between this dendogram and 
that of Figure 1: Groups la= 11; lb=III; lc=IV; Id= l. 
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l 2 J • 
SUlphatos and chlorido 
aprings (Ca >700 p.s cm"'} 

CAlciW!I bicarbonate Celcium aul¡::hato Caleiwn , aodiu.m bicarbon.aca 
apringa (C• 300- 700p.S c:m·1 J aprings (C• 100· 300µ.5 em·U aprings (C•O-lOO)LS CJ11"1 ) 

Bricphyt.a 

Ka.croalgao 

Pbanaropbyt& 

Dydymodon coph•c•us 
Font:indi• .squ&m0H 
Lopho%i• curbin11t• 
Aneura pinguis 

cratonouron cOnautacum• Brachyt:bacium riwlaro 
Pbilonot:..i:1 c•lc•ru• Drep,anocl•dus ~rnicoaus 
Eucbdiwn vart:icillatum• Philonot:i• tone.a.na 
PelH• andivi.itol.ia• Font:iMl.i:t Mcn,irot:ic• 
Rhint:boat:ogium ,:ip.1troi.du•• Bl1'UO'l' •t:b•l•ic:.'!ari 
Cincl.id.Jnot:us tont:in•loidu••Philonot:is e. t. ••ri•t:• 
Hniobryw, doli.cat:uJum• 

Z.anic:bichelli• palu.t:ri• Croonl.andl• dan••• 
cyporua .!Javesce.ns - &nunculu• repana•• 

Ap.ium noditlorw,t• 
Hont:Jui longitolia•• 
cJ.rai.um .1X:111.rpOJJuJ.anua2• 

c.rd4m.ino raphan.itoJ.i• 

TU.rbellaria Pbagocata vicca Polycoli• teliMº 
Duga11.i• .iberia• 

Hyd.racarina 

Pbagocata vite•• 

Le.borti.• cunoiter• Protzi• rugosa 
Hygrobatff longjpaJpi.• Rydrovolri.a badari n. sp. 
Sporebonop•i• V1trrucoa• P&ni•u• JundbJad.i • 
P&ni•u• c:JypooJatm Arrcnuru• c:yJ.indratu•• 

Bryum st:bolaicharl 
Font:inal.is .ancyp.iracica 
Phi J onot:is tont:.an• 
S.P'banwn •P · 

Saxitraga ataJJar.i• 
Hont.i• tont.an• 
C•Jt.b.l paJu•cr.i• 
C..Jlitr.icba c.t. wu:n• 

Crcanob.i• alpim, 
Polycal.i:s telina 

Sparc::bon Jongiro•tri• 
F•Jtri• ooodipocÜI 
Foltri.• ainuc. 
L«bortJa r,JIJbra 

ascracoda Recorocy¡:n:i• sal.in• 
Ilyocypri• brady.i 

Barpfltocn,r.i• brev.icaudata Pqebrodroo:i:us c.t.toncin.l.i• c,ypri• .Jaar•tr.i11 

Anoatracoa Artu.i• Nlin.e 

Epbeaeropcera CJoeon •dJoonurundi 
Clooon in•cripcu.m 

Odonat• 

Plocopcora llataura cinonui 

Lbanapb:ílu• op. 
Rydroptil• •P• 
llJ'J)Orbyacopb.il• utoni 
Rydrop•yebicb• •.i l caJa.i 

Diptora CUJJc.idlo 

C:oloopcora Ot:ebabiuo not4lb.ili.• 
Ag.abuo .brunnou• 
Afl.abu• bipuotulatu.­
C'y;pbon •P• 
R.ioluo •ubol.ivacou.-

C&ndoma noglect• C}'pr.i• Jacwu:r.:.S Ilyeypr.ís brady.i 

Cloet0n .1Mcriptu.m 
Baat.i• aJp.inw,n 
J)mGl!ININJJa .ignita ... 
Ecdyonuru• .1nsignis•• 
cencropc.tJum Jucoum•• 

Ao#c:hn.t c:)'M0,,11 
Ubellul• dapr .. •• 

,N,,mnoura cinoru 
.Pac:hyJeuctra banloc:bi..i 
J'ooperJ• gr-...,.c.ia .. 
Louctr• JnaraJ.o•• 

Dryop•luridu. 
Agobu• "PP• 
araptodytu ignocuo 
Graptoc:(ytu conncblw, 
boJu.. canguacacu.. 

lf.icranaa IIP• 'ff1Nlma r,aJJ.icum 
JlücropcorM op. 
Dru.suo l'OCCWI 

Table 1. Characteristic taxa associated to each group of springs. The * signals taxa 
of low-flowing water and ** those indicativa of high-flowing water. 

CONCLUSIONS 

This study has revealed a remarkable diversity of types of springs: Two main 
groups can be recognized in the cluster analyses of the Central Pyrenean springs. 
One can be relatad to the mineral content of water and the other one to the 
hydrological regimes of the springs. This first division coincides with the physico­
chemical typology of Pyrenean springs presentad by Roca (1990a). 

The first of these two groups could be subdivided into four groups (fig. 1 ): 
(1) Springs with very high mineral content and a high proportion of sulphates 

and/or chlorides (group 1). 
(2) Springs with moderate mineral content and with calcium bicarbonate waters 

(group 11). 
(3) Springs with low mineral content and calcium sulphate waters (group 111). 
(4) Springs with a very low mineral content, with sodium and calcium 

bicarbonate waters of neutral or sligthly acidic pH (group IV). 
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Because of the dominance of calcareous substrates in the Pyrenees the group 
11 is the most widespread in this region, and consequently its biota can be preciced in 
g rat detail. . . . . . 

The second mam group could be subd1v1ded mto (f1g. 2): 
(1) a group of seasonal springs with great variations of flow and other 

parameters, which include springs with an extreme mineral content and springs with 
periods of complete drought (group 1). 

(2) a group of permanent springs with slight fluctuations of flow, basically 
formad by calcium bicarbonate springs (group 11). 

While the first component (mineral content) of this classification seem to play 
an important role in the composition of communmities, the second one (hydrological 
regime) acts at the level of community structure. Studies of diversity of diatom 
assemblages reached this same conclusion (Sabater & Roca 1990). 

Spring communities have a great importance in fluvial systems keeping a high 
diversity of species in them, specially in high mountain and arid regions. Further 
functional studies of spring ecosystems could be very useful to unify ecological models 
of fluvial systems. 
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