
1Bot. complut. 45, 2021: 1-8

Botanica Complutensis
ISSN-e 1988-2874

https://dx.doi.org/10.5209/bocm.75525

ARTÍCULOS

Habitat differentiation and geographic separation of Isoetes velata populations in central 
Iberian Peninsula

José Antonio Molina1

Abstract. Populations of Isoetes velata were studied in order to provide more information on their habitat and distribution in the Western 
and Northwestern Iberian Peninsula. Habitat together with morphology of megaspores were used as diagnostic features. The form I. 
velata subsp. velata f. lereschii is considered here as a synonym of I. velata subsp. asturicense and therefore only two taxa remain 
within the species: I. velata subsp. velata and I. velata subsp. asturicense. Intermediate individuals have been found in the Western 
Central System. The differentiation within the I. velata group appears to be the result of gradual genetic divergence after isolation. 
Palaeobotanical data confirm the presence of I. velata subsp. asturicense in Late Glacial lake sediments in northwestern Spain. Cluster 
classification of the soft-water vegetation with Isoetes velata subsp. asturicense revealed two main groups in the Spanish Central 
System. A single association, the Sparganio angustifolii-Callitrichetum fontqueri which includes Iberian Atlantic stands of Sparganium 
angustifolium and Isoetes velata subsp. asturicense, is here recognized. Besides, a variant of the association with Eleocharis acicularis 
is identified in shallow temporary waters in the Western Sierra de Gredos.
Keywords: glacial lakes, Iberian Peninsula, Isoetaceae, soft-water vegetation, spore morphology.

[es] Diferenciación de hábitat y separación geográfica de poblaciones de Isoetes velata en la Península 
Ibérica central

Resumen. Se han estudiado poblaciones de Isoetes velata con el fin de aportar información sobre su hábitat y distribución en el oeste 
y noroeste de la Península Ibérica. El hábitat junto con la morfología de las megasporas se utilizaron como caracteres diagnósticos. La 
forma I. velata subsp. velata f. lereschii se considera aquí como sinónimo de I. velata subsp. asturicense y, por lo tanto, solo quedan 
dos taxones dentro de la especie: I. velata subsp. velata e I. velata subsp. asturicense. Se han encontrado individuos intermedios en 
el Sistema Central occidental. La diferenciación dentro del grupo I. velata parece ser el resultado de una divergencia genética gradual 
después del aislamiento. Los datos paleobotánicos confirman la presencia de I. velata subsp. asturicense en sedimentos de lagos del 
Tardiglaciar en el noroeste de España. La clasificación numérica de la vegetación con Isoetes velata subsp. asturicense reveló dos grupos 
principales en el Sistema Central español. Se reconoce aquí una única asociación, Sparganio angustifolii-Callitrichetum fontqueri, que 
incluye comunidades atlánticas ibéricas de Sparganium angustifolium e Isoetes velata subsp. asturicense. Además, se identifica una 
variante de la asociación con Eleocharis acicularis en aguas temporales poco profundas de la Sierra de Gredos Occidental.
Palabras clave: lagos glaciares, Península Ibérica, Isoetaceae, vegetación de aguas oligotróficas, morfología de esporas.
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Introduction

Isoetes velata/longissima group is a species com-
plex in which genetic investigations could probably 
clarify the taxonomy of the including taxa (Troia & 
Rouhan 2018). In this work, the taxonomic criteri-
on of Flora iberica (Prada 1986) is followed. Isoetes 
velata A. Braun in Bory & Durieu has the highest 
infra-specific diversity in Europe (Derrick et al. 
1987). Within this taxon two subspecies have been 
described in the Iberian Peninsula (Prada 1986): I. 
velata subsp. velata and I. velata subsp. asturicense 
(Laínz) Rivas-Martínez & Prada, both of them with 
the lowest chromosome number found in the genus 
(2n=22). The two subspecies have been distinguished 
by size and sculpture of megaspores. According to 
Prada (1986), I. velata subsp. velata has megaspores 
of diameter 380-470 μm with a tuberculate perispo-
rium. By contrast, I. velata subsp. asturicense has 

megaspores 325-410 μm in diameter with a smooth 
or slightly tuberculate proximal side. Additionally, 
Isoetes velata subsp. velata f. lereschii (Reichb. fil.) 
Prada has been described. This taxon has been char-
acterized by small leaves (from 5 to 15 cm) with few 
fibrous subepidermic fascicles, thin cell walls and 
few stomata. Their megaspores are ornamented with 
sharp tubercles (Rivas-Martínez et al. 1982).

Infraspecific taxa of Isoetes velata have been also 
supported by both habitat and distribution features. I. 
velata group forms part of two different communities 
within the phytosociological classes Isoeto-Littorel-
letea and Isoeto-Nanjuncetea. The former includes 
the Holartic perennial amphibious vegetation from 
fresh meso-oligotrophic water. Species of Boreal 
and Atlantic distribution are included in this class 
(Schaminée et al. 1992). Soft-water vegetation in the 
Iberian mountains (Littorellion) encompasses isoetid 
vegetation growing in clear, permanent, oligotroph-

CUARTAS_BotanicaComplutensis45.indd   1CUARTAS_BotanicaComplutensis45.indd   1 25/5/21   21:0125/5/21   21:01



2 Molina, J. A. . Bot. complut. 45, 2021: 1-8

ic, carbon-deficient and low-alkalinity waters, within 
which Isoetes velata subsp. asturicense has been cit-
ed as characteristic species in the NW ranges of the 
Iberian Hesperic Massif (Molina et al. 1999, Moli-
na 2017) usually at glacial lake shores (Prada 1986). 
On the other hand, Isoetes velata subsp. velata oc-
curs in Mediterranean Ibero-Atlantic temporary wa-
ters (Isoetion, Isoeto-Nanojuncetea) forming part of 
ephemeral amphibious vegetation consisting of thero-
phytes and geophytes (Molina 2005; Molina 2017). 
The type form lives in shallow fresh water ponds and 
lakes. The habitat for the lereschii form has been re-
lated to oligotrophic ponds and lakes from Central 
Sierra de Gredos (Prada 1983) where it was consid-
ered to be endemic (Rivas-Martínez et al. 1982). It 
is worth noting that amphibious communities are the 
most important vegetation target for conservation in 
Iberia related to oligotrophic environments with a bi-
oclimatic Atlantic distribution (Benavent et al. 2014).

Based on morphometric differences together with 
other distinguishing characteristics as habitat, Rome-
ro & Real (2005) have suggested that I. asturicense 
(Laínz) Laínz should be considered as separate spe-
cies of I. velata. In this work, megaspore characteris-
tics and habitat attributes in Isoetes populations from 
the western Iberian Peninsula, where both I. velata 
susbp. velata and I. velata subsp. asturicense have 

been cited (Rivas-Martínez et al. 1982; Castroviejo et 
al. 1983; Casaseca et al. 1988), are examined. Results 
will provide more information about Isoetes velata 
variability with possible taxonomical implications. 
Palaeobotanical information is also discussed (Mal-
donado 1994).

Methods

Populations of Isoetes at ten locations were studied 
(Table 1, Fig. 1). Four of them corresponded to gla-
cial lakes either from the northern slope of western 
Sierra de Gredos (location 2, 3, 4 and 6) or from 
Montes de León (location 7). Two other sites (1 and 
5) were high mountain wetlands. The remaining three 
localities were temporary ponds located at Sierra de 
Guadarrama piedmont (8, 9) or in central-western 
lowlands (10). Nine megaspores of each of three dif-
ferent individuals from each population were meas-
ured with a Nikon SMZ-2T stereomicroscope. The 
ornamentation of the megaspores was observed un-
der the scanning electron microscope (ISI-SX25). 
Isoetes megaspores from Late Glacial sediments of 
the Sierra de Queixa-Manzaneda (Orense, NW Spain) 
were also studied.

Fig. 1. Geographical location of the study populations. For sites description see Table 1.

A total of 27 published and unpublished phyto-
sociological relevés collected in the Spanish Central 
System, were gathered (Appendix 1). An agglom-
erative classification method was applied using the 
b-flexible linkage method (b = 0.25) with Sørensen 
distance performing with the program JUICE 7.0 

(Tichý 2002). Percentage cover values were square-
root transformed in order to reduce the importance 
of dominant species. The crispness of classification 
was checked using the method in Botta-Dukát et al. 
(2005).
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Results

Table 1 shows the results obtained in the morphologi- 
cal study of the megaspores. Populations above 1790 
m had megaspores of 280-460 μm size. The sculpture 
varied from homogenous populations with me-
gaspores slightly tuberculate (Fig. 2, a-b) to mixed 
populations with individuals with slightly tuberculate 
megaspores and individuals with megaspores clearly 
tuberculate (Fig. 2, c-d). The Late Glacial megaspores 
from Sierra de Queixa-Manzaneda (1360 m) ap-
peared smooth and were 300-360 μm in diameter. All 
these populations are assigned to Isoetes velata sub-
sp. asturicense, and consequently this taxon shows 

higher megaspore variability than hitherto known. 
The individuals from Laguna Grande de Gredos 
(1950 m) are a clear example. The range of their me-
gaspore size (360-460 μm) matches the overlap of 
both subspecies (380-410 μm) as indicated by Prada 
(1986), though it is closer to the high-mountain sub-
species. The populations below 1300 m always had 
strongly tuberculate megaspores between (340-) 360-
480 μm (Fig. 2, e-f). Thus, we consider I. velata sub-
sp. velata f. lereschii, described from Sierra de Gre-
dos (“in aquis puris lacunae inferior”), as a synonym 
of I. velata subsp. asturicense.

Fig. 2. Isoetes velata subsp. asturicense. Ávila, Sierra de Béjar, Solana de Ávila, lagunas del Trampal (MAF 145958): a) megaspo-
re in proximal view; b) megaspore in distal view. Ávila, Sierra de Béjar, Solana de Ávila, charcas de Trochagosta (MAF 145956): 
c) megaspore in proximal view; d) megaspore in distal view. Isoetes velata subsp. velata: Madrid, Embalse de Santillana (MAF 

792243): e) megaspore in proximal view; f) megaspore in distal view. Scale bar = 100 μm.
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The clusters resulting from the hierarchical 
classification of the soft-water vegetation with I. ve-
lata subsp. asturicense in the Spanish Central System 
can be interpreted floristically and ecologically. They 
were arranged in two groups (A, B) according to the 
crispness of the classification (Table 2). Group A in-
cluded 22 relevés and was characterized by a high 
frequency of Sparganium angustifolium Michx. It oc-

curred mainly in slightly fluctuating shores of oligo- 
trophic glacial lakes on acidic gley soils (Fig. 3a). 
Group B encompassed 5 relevés and was character-
ized by a high frequency of Eleocharis acicularis 
(L.) Roem. & Schult. and moss layer. It was found in 
shallow hollows temporarily flooded in the western 
Sierra de Gredos (Fig. 3b).

Fig. 3 Sectional views of the amphibious vegetation with Isoetes velata subsp. asturicense in the Spanish Central System: a) laguna 
de los Caballeros, a permanent glacial lake, Sparganio angustifolii-Callitrichetum fontqueri var. with Isoetes velata subsp. asturicen-
se; b) lagunas del Trampal, a seasonal infilled pond, 1: Sparganio angustifolii-Callitrichetum fontqueri var. with Eleocharis acicula-

ris, 2: Caricetum carpetanae, 3: Poo legionensis-Nardetum strictae.

Discussion

Clinal variation is one of the major patterns in the 
specific variation observed in Isoetes megaspore or-
namentation (Hickey 1986). The variability in the 
megasporal sculpture of Isoetes velata in northwest-
ern Iberia can be related to the altitudinal gradient. 
The lower elevation populations always have strong-
ly tuberculate megaspores whereas those populations 
with slightly tuberculate megaspores only occur in 
the high mountain. Mixed populations including indi-
viduals of both phenotypes have also been observed 
at high altitudes (Table 1). The strong tuberculation 
of some individuals from these populations might be 
explained by the variability that Isoetes velata subsp. 

asturicense shows in the Central System. There is a 
wide variability not only in the sculpturing but also 
in the size of the megaspores, even at nearby sites. 
This explains why different authors identified two 
different high mountain taxa in the Central System (I. 
velata subsp asturicense and I. velata subsp. velata f. 
lereschii). It is noteworthy that Isoetes velata subsp. 
velata f. velata has not been found at any western 
high mountain site.

Other diagnostic characters such as the presence 
of stomata and fibrous subepidermic fascicles are 
related to exposure to air during leaf development 
(Kott & Britton 1985). Isoetes velata subsp. velata, 
with its abundant stomata and numerous fibrous sub-
epidermic fascicles, is better adapted to amphibious 
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conditions, while I. velata subsp. asturicense, with 
few stomata and less abundant and poorly devel-
oped fascicles (Prada 1986) is more restricted to sub-
merged habitats. These features as well as the ecolog-
ical affinity suggest the form lereschii is closer to the 
subspecies asturicense.

Hickey et al. (1989) suggest that the genus Isoetes 
is presently undergoing a quick and continuous spe-
ciation in two ways, one gradual and other sharp. 
Most of the terrestrial species appearing in isolated 
populations of basic diploids seem to be the result of 
a gradual speciation via isolation and genetic diver-
gence, while some of the aquatic species, frequent-
ly in mixed populations with different ploidy levels, 
seem to have evolved abruptly via interspecific hy-
bridization and chromosome duplication (Taylor & 
Hickey 1992). Both subspecies within the Isoetes ve-
lata group have a basic diploid chromosome number, 
which suggest a gradual separation by isolation of 
common ancestral populations. The different ecology 
of both taxa points out an important role of habitat in 
the process of divergence.

The diversification of I. velata in northwestern 
Iberia might be explained by the isolation of some 

populations as a result of climatic changes. During 
the several Quaternary glacial ages this taxon retreat-
ed to the southwestern lowlands, though some popu-
lations might have found refuge in lakes and ponds in 
the northern Plateau (Fig. 4). Megaspores of Isoetes 
type asturicense have been identified from Late Gla-
cial sediments (13,000-10,000 years BP) from a gla-
cial lake in northwestern Spain (Maldonado 1994), 
which implies the presence of a taxon already adapt-
ed to permanent and oligotrophic waters that during 
the Lateglacial Interstadial (13,000-11,000 years BP) 
and Holocene climatic amelioration (last 10,000 
years) would have reached higher altitudes by colo-
nizing the western glacial lakes. Thermophilous pop-
ulations might have extended from southwestern 
lowlands in warm and humid periods, recolonizing 
its former area. The high mountain taxon seems to be 
in regression in comparison to earlier, colder periods. 
The presence of intermediate features in some speci-
mens from the Central System might be the result of 
the contact between both taxa throughout the Holo-
cene. The isolation of populations in the Cantabrian 
Range explains the presence of only typical individu-
als of I. velata subsp. asturicense in these mountains.

Fig. 4. Hypothetical changes in the distribution range of Isoetes velata during the last glacial-interglacial cycle in the Iberian Peninsu-
la: a) warm periods before or during the last glaciation; b) cold periods during the last glaciation; c) present day distribution. Hollow 
arrows show the altitudinal shift in high mountain populations and filled arrows show the possible migration routes of the lowland 

populations.

The two identified subspecies within Isoetes ve-
lata showed the habitat as a diagnostic feature. The 
high-mountain subspecies (Isoetes velata subsp. as-
turicense) occurred typically in submerged and am-
phibious communities of Isoeto-Littorelletea where-
as the lowland one (Isoetes velata subsp. velata) was 
found in amphibious ephemeral communities of Isoe-
to-Nanojuncetea. Since it is only considered the oc-
currence of one high-mountain taxon namely I. velata 
subsp. asturicense in the present study, all the com-
munities of the Spanish Central System correspond 
to a single phytosociological association: the Sparga-
nio angustifolii-Callitrichetum fontqueri, which was 
described from Cantabrian Mountains (Molina et al. 
1999). This association therefore includes the Ibe-
ro-Atlantic stands of Sparganium angustifolium and 
Isoetes velata subsp. asturicense with other soft-wa-

ter flora. A variant of the association with Eleocharis 
acicularis is found in shallow temporary waters in 
the Western Sierra de Gredos.

Nomenclatural summary

Isoetes velata A. Braun in Bory & Durieu, Expl. Sci. 
Algérie, Atlas, pl. 37 fig. 1(1849)

I. velata subsp. velata
I. velata subsp. asturicense (Laínz) Rivas-Martín-

ez & Prada
≡ I. boryana subsp. asturicense Laínz in Bol. Inst. 

Estud. Asturianos Supl. Ci. 15: 6 (1970)
≡ I. asturicense Laínz (Laínz), An. Soc. Brot. 39: 

118 (1973)
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= I. boryana var. lereschii Rchb.f. ex Leresche & 
Levier, Deux Excurs. Bot. 118 (1881)

≡ I. velata subsp. velata f. lereschii (Reichb. fil.) 
Prada in Rivas-Martínez & col., Lazaroa 3: 33 (1981)

≡ I. velata var. lereschii (Rchb.f. ex Leresche & 
Levier) Molina Abril & Sard. Rosc., Guineana 10: 
346 (2004)

Specimens examined

I. velata subsp. asturicense

Asturias: Arvás-Leitariegos, 30-VII-1976, Pardo & 
Prada (MAF 146920). Ávila: Puerto de Castilla, La-
guna del Barco, 1800 m, 30TTK8556, 4-VIII-1991, 
Sardinero & Molina Abril (MAF 145955). Sola-
na de Ávila, Sierra de Béjar, Lagunas del Trampal, 
2130 m, 30TTK6865, 5-VIII-1990, Sardinero (MAF 
145954). Ibídem, 5-VIII-1991, Sardinero & Molina 
Abril (MAF 145958). Sierra de Gredos, Prado de 
las Pozas, 30TUK0960, 25-VII-1958, Rivas Goday 
& Rivas-Martínez (MAF 66583). Sierra de Béjar, 
Solana de Ávila, charcas de Trochagosta, 2210 m, 
30TTK6965, 5-VIII-1990, Sardinero (MAF 145956). 
Navalperal de Tormes, Laguna Grande de Gredos, 
30TUK0658, 18-IX-1976, Prada (MAF 146396). 
Ibídem, 8-VII-1993, Sardinero (MAF 146918). Sola-
na de Ávila, Laguna Negra, 2070 m, 30TTK6964, 
5-VIII-1994, González Canalejo & Sardinero (MAF 
145957). Navalguijo, Laguna de los Caballeros, 2080 
m, 30TTK7955, Herb. S. Sardinero.

I. velata subsp. velata

Cáceres: Navalmoral de la Mata, 30STK81, 28-
V-1983, Rico (MAF 123534). Madrid: Estación de 
Gargantilla de Lozoya, charcas temporales, 1100 m, 
30TVL3935, 13-VI-1985, Molina, Pangua & Prada 
(MAF 124906). Embalse de Santillana, entre Cho-
zas y Manzanares, 30TVL2907, VII-1954, Rivas & 
Borja (MAF 79243). Salamanca: Tenebrón, Laguna 
Grande, 29TQF20, 12-VI-1990, Rico & Giráldez 
(MAF 143612). Zamora: Ribadelago, en el lago de 
S. Martín, 1300 m, 29TNG86, 30-VII-1976, Prada 
(MAF 146397). Castro de Alcañices, arroyo de la 
Ribera, 29TQG3408, 5-VI-1991, Casaseca, Rico & 
Giráldez (MAF 143614).
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Table 1. Size and ornamentation of megaspores of 10 Isoetes populations located in the western Iberian Peninsula.

Site Altitude 
(m)

Megaspore 
diameter (μm)

Tuberculation 
(#) Taxon

1 Charcas de Trochagosta 2210 300-350 */** Isoetes velata subsp. asturicense
2 Lagunas del Trampal 2130 280-340 * Isoetes velata subsp. asturicense
3 Laguna de los Caballeros 2080 320-390 * Isoetes velata subsp. asturicense
4 Laguna Grande de Gredos 1950 360-460 */** Isoetes velata subsp. asturicense
5 Prado de las Pozas 1910 320-380 * Isoetes velata subsp. asturicense
6 Laguna del Barco 1790 340-380 */** Isoetes velata subsp. asturicense
7 Lago de S. Martín 1300 400-480 ** Isoetes velata subsp. velata
8 Gargantilla de Lozoya 1140 380-460 ** Isoetes velata subsp. velata
9 Embalse de Santillana 900 360-420 ** Isoetes velata subsp. velata
10 Navalmoral de la Mata 280 360-400 ** Isoetes velata subsp. velata

(#) * = slightly tuberculate; ** = strongly tuberculate

Table 2. Synoptic table of the soft-water vegetation with Isoetes velata subsp. asturicense in the Spanish Central 
System, showing the frequency values of species in each of the 2 vegetation groups (columns) obtained in the 
classification analysis (full table in Appendix 1). Only species with a frequency ≥ 20% in at least one group are 
included. Dark-grey and light-grey shaded values indicate diagnostic species with high (Φ > 0.5) and moderate 
fidelity (Φ > 0.25), respectively.

Group A B
Nº relevés 22 5
Isoetes velata subsp. asturicense 100 100
Sparganium angustifolium 95 0
Juncus bulbosus 23 60
Eleocharis acicularis 0 100
Antinoria agrostidea subsp. natans 27 0
Subularia aquatica 27 0
Callitriche brutia 68 20
moss layer 9 80
Carex nigra 0 20
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