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ABSTRACT

Morphological and ecological characterization of Batrachospermales (Rhodophyta) in the Jarama Basin (Iberian
Peninsula)

Five populations of freshwater red algae were investigated between February 2008 and September 2009 in four segments of
the Jarama River Basin (Tajo Basin), Iberian Peninsula, between 40-41◦ N, 3-4◦ W, at 700 to 1200 m altitude. Three species
were documented (Batrachospermum gelatinosum, Lemanea fluviatilis and Paralemanea catenata) and information was col-
lected about includes their morphology and the physical and chemical characteristics of the water. All the taxa have been
reported previously, but the present work includes the first detailed morphological description of red algae in the region and
their ecological preferences. The waters in these study sites are cool to temperate (5-17 ◦C), acid to circumneutral (pH 6.3-7.5)
and with a low ion concentration (specific conductivity 77-270 µS cm−1). Two groups were distinguished on the basis of nu-
trient concentration. The first group, which included B. gelatinosum and L. fluviatilis, is found in clean water with low nutrient
concentration, while the second group, which included P. catenata, occurred in nutrient-rich water. Gametophytes of L. flu-
viatilis and P. catenata were present in all seasons, with the highest percentage cover in autumn and winter corresponding
to high current velocity and low water temperature. However, gametophytes were longest, and spermatangial sori and car-
posporophytes were most abundant in spring when current velocity was low and water temperature was high. The distribution
of Batrachosermales from the Jarama Basin showed a strong affinity with temperate regions of central Europe and floras of
other continents.
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RESUMEN

Caracterización morfológica y ecológica de Batrachospermales (Rhodophyta) en la cuenca del Jarama (Penı́nsula Ibérica)

Se han estudiado cinco poblaciones de algas rojas de agua dulce durante el periodo de febrero 2008 a septiembre 2009,
en cuatro segmentos de la cuenca del rı́o Jarama (Cuenca del Tajo), Penı́nsula Ibérica, entre latitudes (40-41◦ N, 3-4◦ O) y
700 a 1200 m de altitud. Se describe la morfologı́a de 3 especies (Batrachospermum gelatinosum, Lemanea fluviatilis and
Paralemanea catenata) junto con sus caracterı́sticas fı́sico-quı́micas del agua. Todos los taxones encontrados han sido ya
citados, sin embargo el presente trabajo incluye la primera descripción morfológica detallada de algas rojas en la región y
sus preferencias ecológicas. Las zonas de estudio presentan aguas frı́as a templadas (5-17 ◦C), ácidas a neutrales (6.3-7.5)
y relativamente baja concentración de iones (conductividad especı́fica 77-270 µS cm−1). En función de la concentración de
nutrientes se pueden distinguir 2 grupos. El primero, que incluye B. gelatinosum y L. fluviatilis, se encuentra en aguas con
baja concentración de nutrientes, mientras que el otro grupo que contiene P. catenata aparece en aguas ricas en nutrientes.
Los gametofitos de L. fluviatilis y P. catenata estuvieron presentes durante todas las estaciones del año, con la mayor cobertura
porcentual en otoño e invierno y corresponden con la mayor velocidad de corriente y baja temperatura del agua. Sin embargo,
el largo del gametofito, el número de soros espermatangiales y el número de carposporofitos fue mayor en primavera con la
mayor temperatura del agua y la más baja velocidad de corriente. La distribución de las Batrachospermales en la cuenca del
rı́o Jarama, mostraron una fuerte afinidad con regiones templadas de Centroeuropa y otros continentes.

Palabras clave: Batrachospermales, ecologı́a, flora, Penı́nsula Ibérica, Rhodophyta, rı́os.
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INTRODUCTION

The red algal order Batrachospermales is a major
group of freshwater Rhodophyta that occurs
widely in lotic ecosystems throughout the world
(Sheath & Hambrook, 1990). In Europe, the most
red algae taxa live in running waters (Kwandrans
& Eloranta, 2010). They have a heteromorphic
triphasic life history consisting of a gametophyte
(monoecious and/or dioecious), which produces
spermatangia in clusters, carpogonia with elon-
gated trichogynes and the “Chantransia” stage
(sporophyte), which consists of tuft-shaped fil-
aments that produce new gametophytes through
vegetative meiosis (Sheath, 1984; Sheath et
al., 1996; Necchi & Carmona, 2002). Several
morphological and reproductive adaptations of
this species have been associated with the high
current velocity in lotic ecosystems (Coomans &
Hommersand, 1990; Carmona et al., 2006; Car-
mona et al., 2009). Three families are recognized
in the order and can be distinguished as follows
(based on Kumano, 1993; Sheath et al., 1996).
Batrachospermaceae includes algae with uniaxial
and corticated cells, determinate growth in the
verticilated filaments and extracellular sheath.
Psilosiphonaceae has a pseudoparenchymatous
structure and densely interwoven medullary
filaments. Lemaneaceae has a pseudoparenchy-
matous thallus with interwoven medullary
filaments absent. The Batrachospermaceae and
Lemaneaceae family are common in running wa-
ters and have a world-wide distribution (Eloranta
& Kwandrans, 2002), while Psilosiphonaceae
are confined to freshwater streams from
Australia (Entwisle, 1989).

Some studies of red algae have also been done
in the north (Lopez & Peñalta, 2004) and east of
the Iberian Peninsula (Tomas et al., 1987; Aboal,
1989; Prefasi & Aboal, 1994), and there are some
reports from the west and centre of the Penin-
sula (Reis, 1954, 1962a, 1962b, 1965, 1973).
When Biological Quality Control Network using
macrophytes has been carried out in the Tajo river
Basin, Batrachospermum and Lemanea genera
have been found in siliceous rivers and streams
but Paralemanea have not been detected (Con-
federación Hidrográfica del Tajo, 2009). Sabater

et al. (1989) reported three species of Batrachos-
permales with a wider distribution in the Iberian
Peninsula. Batrachospermum gelatinosum (= B.
moniliforme, Batrachospermaceae) is tolerant of
a wide range of physical and chemical condi-
tions of water, followed by Lemanea fluviatilis
(Lemaneaceae) and Paralemanea catenata (= Le-
manea nodosa) (Lemaneaceae), which presented
a range of restricted sites with low mineraliza-
tion and high flow water. This paper seeks to con-
tribute to the knowledge of the detailed anatom-
ical and environmental characteristics of the Ba-
trachospermales populations in the Jarama Basin,
Iberian Peninsula.

MATERIALS AND METHODS

The geomorphological conditions of the Jarama
Basin encompass the large granite-dominated
highlands where our sampling sites are located
(Guadarrama Mountains, Sierra de Guadarrama,
Spain). They are dominated by uplifted blocks
of siliceous materials from the Tertiary period
(Gibbons & Moreno, 2006). Climatologically it
is a typical continental Mediterranean climate
in high mountains characterized by cold win-
ters and high summer temperatures, at least 80 %
of the rain falls during the three winter months.
Some headwaters sites, located in high altitude
areas, are characterized by extreme wet and cold
(Gasith & Resh, 1999). The area has favoured
the formation of coniferous and oaks forest and
streams with relatively cold waters (Carranza
& Arı́stegui, 2002). The populations of Batra-
chospermales analysed in this study were col-
lected from four segments of the Jarama Basin
(Fig. 1), the Guadalix and Manzanares rivers and
the Mediano stream (40-41◦ N, 3-4◦ W) at alti-
tudes from 900 to 1200 m. Temperature and pH
were measured with a WTW pH-96 electrode,
specific conductance was measured with a CRI-
SON CDTM523 conductivity meter and oxygen
was measured with a WTW oxi-196 Oxygen me-
ter. To investigate water chemistry, one-litre sam-
ples were taken and calcium and nutrient con-
centrations were analyzed in the field within one
hour of collection using a DRELL 2010 portable
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Figure 1. Distribution of Batrachospermales populations in Jarama Basin populations, Iberian Peninsula (Tajo Basin in grey).
• Guadalix 1 (Batrachospermum gelatinosum and Lemanea fluviatilis), � Guadalix 2 (Paralemanea catenata), � Manzanares (L.
fluviatilis), � Mediano (L. fluviatilis). Distribución de las poblaciones de Batrachospermales en la cuenca de Jarama, Penı́nsula
Ibérica (Cuenca del Tajo, en gris) • Guadalix 1 (Batrachospermum gelatinosum and Lemanea fluviatilis), � Guadalix 2 (Paralemanea
catenata), � Manzanares (L. fluviatilis), � Mediano (L. fluviatilis).

laboratory (Hach Company). These analyses are
adapted from Standard Methods for the Exami-
nation of Water and Wastewater (APHA, 1995)
and have been previously described by Douterelo
et al. (2004). Calcium was estimated volumetri-
cally with a Cal Ver 2 Calcium indicator (detec-
tion limit 10 mg l−1), titrating with 0.08M EDTA
in alkaline medium. Dissolved inorganic nitrogen
(DIN) was calculated as the sum of the three inor-
ganic nitrogen forms in water. NH4–N was mea-
sured colorimetrically by the Nessler method (de-
tection limit 0.1 mg l−1), reading the absorbance
at 425 nm. When values were close to the de-
tection limits, the salicylate method was used
(detection limit 0.01 mg l−1), read at 655 nm.
NO3–N was measured colorimetrically by a mod-
ification of the cadmium reduction method, using
gentisic acid instead of 1-naphthylamine (detec-
tion limit 0.5 mg l−1) and reading absorbance at
500 nm. The low-range method (up to 0.5 mg l−1)

is an expanded modification of the former that
employs a chromotropic acid indicator (detec-
tion limit 0.05 mg l−1) reading at the same wave-
length. NO2–N was determined colorimetrically
using chromotropic and sulphanilic acids as in-
dicators (detection limit 0.01 mg l−1) and reading
absorbance at 500 nm. PO3

4–P was estimated col-
orimetrically with a modification of the molyb-
denum blue procedure, provided by Phos Ver 3
(detection limit 0.01 mg l−1), reading absorbance
at 890 nm. All these were measured in triplicate.

Biological characteristics of all populations
were analyzed at least in triplicate. Percentage
cover was estimated using the quadrant technique
(Necchi et al., 1995). Each sampling unit was a
circle of 10 cm radius (area 314 cm2). Microhab-
itat variables were measured in situ at the cen-
tre of each population (n = 10): current veloc-
ity and irradiance were measured as close to the
alga as possible, using an FP 101-201 Global Wa-
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ter Flow Probe and a Quantum Photoradiome-
ter Delta OHM-HD9021 with an LP9021 sensor
in the photosynthetically active radiation spec-
tral range (PAR). Biological samples were pre-
served in 3 % formaldehyde and included in the
herbaria of the Faculty of Science from Mexico
“Marı́a Agustina Batalla” (FCME, Holmgren et
al., 1990). We have taken into account all the
quantitative and qualitative morphological char-
acters previously considered to be of taxonomic
and reproductive importance at the generic and

specific levels in previous relevant studies (Vis
& Sheath, 1992, 1996, 1998; Vis et al., 1995;
Sheath et al., 1996; Carmona & Necchi, 2002;
Filkin & Vis, 2004; Kučera & Marvan, 2004;
Carmona & Vilaclara, 2007). For microscopic
analyses and photographic documentation of cy-
tological characters, we used an Olympus BX51
microscope equipped with an SC35 micropho-
tography system. Morphometric characters were
measured in 20 replicates per population on each
sampling date; the number of replicates was de-

Figures 2-8. Morphological features of Batrachospermum gelatinosum. Fig. 2. Habit of alga. Fig. 3. Spermatangia (arrow) at fas-
cicle branch tip. Fig. 4. Carpogonium-bearing branch with a club-shaped cell and lanceolated trichogynes. Fig. 5. Carpogonium with
a cylindrical, stalked trichogyne. Fig. 6. Fertilized carpogonium with attached spermatium (arrow). Fig. 7. Carposporophyte with
carposporangia (arrow). Fig. 8. Main axis with whorls and numerous carposporophytes (arrows). Scale bars: 100 µm for Figs. 2 and
8; 10 µm for Figs 3-7. Caracterı́sticas morfológicas de Batrachospermum gelatinosum. Fig. 2. Aspecto del alga. Fig. 3. Espermatan-
gios en el ápice de los filamentos verticilados (flecha). Fig. 4. Carpogonio redondo que nace en el ápice de una rama verticilada.
Fig. 5. Carpogonio con un tricógino cilı́ndrico pedicelado. Fig. 6. Carpogonio fertilizado por un espermatangio (flecha). Fig. 7.
Carposporofito con carposporas (flecha). Fig. 8. Eje principal con numerosos carposporofitos que nacen en las ramas verticiladas
(flechas). Barra de escala: 100 µm para Figs. 2 y 8; 10 µm para figuras Figs. 3 a 7.
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termined using the equation: n = (s/E x)2; where
s = standard deviation, E = standard error (0.05)
and x = mean (Southwood, 1978).

RESULTS AND DISCUSSION

Morphological analyses

Batrachospermum gelatinosum (Linnaeus)
De Candolle (Figs. 2-8)

Monoecious algae, richly mucilaginous, 1.5-
4 cm (x = 3 cm) in length, whorls spherical or
barrel-shaped, distant to confluent, 408-1060 µm
(x = 733 µm) in diameter; primary fascicles with
8-16 cell-storeys. Spermatangia hyaline, ellipti-
cal to spherical, 3-7.5 µm (x = 5 µm) in diam-
eter, one or two borne in distal cells of pri-
mary fascicles. Carpogonium born on an un-
differentiated branch with 3-10 cells; carpogo-
nium, 5-10 µm (x = 6 µm) in diameter, 21-39 µm
(x = 22 µm) in length, with cylindrical or lance-
olated trichogynes, 5-8 µm (x = 6 µm) in di-
ameter. Pedunculate, spherical carposporophyte,
50-160 µm (x = 88 µm) in diameter; 3-9 car-
posporophytes exerted in the whorls at vari-
ous distances from the axis. Gonimoblast fila-
ments made of 2-4 cylindrical cells; spherical
carposporangia, 7.5-12.5 µm (x = 10 µm) in di-
ameter. “Chantransia” stage not detected.

Phenology. Gametophytes were present in one
locality in spring and summer with low percent-
age cover (3-5 %) and evident reproductive matu-
rity (i.e., abundant casposporophytes). This pop-
ulation was probably associated with the lowest
current velocity (5-50 cm s−1) and temperate wa-
ter (12-13 ◦C).

Iberian Peninsula distribution. Albacete, Barce-
lona, Girona, Jaén, Lleida, Murcia, (Aboal, 1989;
Sabater et al., 1989); Castellón (Prefasi & Aboal,
1994); Orense (López & Peñalta, 2004).

Taxonomic remarks. The species is differentiated
from other species of the section on the basis of
monoecious algae and cylindrical cortical cells
covering the main axis and rDNA internal trans-
cribed space 1 and 2 sequences, RUBISCO large

subunit gene data (Vis & Sheath, 1998). These
populations were similar to those in previous re-
ports from deciduous forest populations in the
southern USA and central Mexico (Vis et al.,
1996; Carmona & Vilaclara, 2007), but differ-
ent from some dioecious populations of B. gelati-
nosum described by Aboal (1989). The great
morphological variability shown in Spanish popu-
lations of Batrachospermum suggests the require-
ment of further molecular and life cycle studies.

Lemanea fluviatilis (Linnaeus)
C. Agardh (Figs. 9-16)

Gametophyte thallus is uniaxial and pseudo-
parenchymatous with stalked and definite con-
striction. Population scarcely branched (5 % of
the population with one branched per individual)
and 0.5-11 cm (x = 3 cm) tall. Outer cortex com-
posed of four cells layers; cells increasing signif-
icantly in size from outer to inner layers; axial
filaments naked. Ray cell T- or L-shaped, closely
applied to the cortex. Nodal diameter 294-
686 µm (x = 497 µm); internodal diameter 390-
490 µm (x = 435 µm); ratio nodal/internodal di-
ameter 0.6-1.7 (x = 1). Spermatangial sori in
nodal patches; 161-242 µm (x = 195 µm). Car-
pogonial branches composed of ovoid cells, pen-
etrating the cortex towards the thallus surface; tri-
chogyne pear-shaped. Carposporophytesessile on
the inner portion of cortex. Carpospores in chains of
up to twelve, ovoid, 6-8 µm (x = 7µm) in diameter.
“Chantransia” stage microscopic, growing near
the basis of gametophytic plants with cylindrical
cells, 12-22µm (x = 15µm) diameter, 26-70µm
(x = 47µm) length, without monosporangia.

Phenology. Gametophytes were present at the
study site from spring to winter (Fig. 27). The
highest percentage cover was registered in au-
tumn and winter (38-41 %), corresponding to a
decrease in water temperature (5-7 ◦C) and high
current velocity (58-80 cm s−1). However, the ga-
metophyte length, number of spermatangial sori
and number of carpoporophytes were greatest in
spring with high water temperature (12-13 ◦C)
and low current velocity (8-50 cm s−1). The dis-
appearance of the majority of gametophytes after
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Figures 9-16. Morphological features of Lemanea fluviatilis. Fig. 9. Fig. 10. Basal system with stalked and definite constriction
(arrow). Fig. 11. Cross section of the axial filament without interwoven medullar filaments (arrow) and ray cells (small arrow). Fig.
12. Spermatangial sori in nodal patches (arrow). Fig. 13. Cross section of a spermatangial cells (arrow). Fig. 14. Cross section of
the cortex showing carpogonial branch (arrow). Fig. 15. Cross section showing the outer cortex with the carpogonium inside in
the cavity. Fig. 16. Carpospores in chains. Scale bars: 1 cm for Figs. 9 and 10; 100 µm for Figs. 11 and 12; 10 µm for Figs. 13-
16. Caracterı́sticas morfológicas de Lemanea fluviatilis. Fig. 9. Fig. 10. Sistema basal con una constricción bien definida (flecha).
Fig. 11. Sección transversal del filamento axial con células de soporte (flecha) y células radiales (flecha pequeña). Fig. 12. Soros
espermatangiales en forma de parche en la región nodal (flecha). Fig. 13. Detalle de las células espermatangiales en una sección
tranversal del talo (flecha). Fig. 14. Corte transversal del cortex mostrando la rama carpogonial (flecha). Fig. 15. Sección transversal
del talo mostrando el cortex y el carpogonio embebido en la cavidad. Fig. 16. Carposporas en cadenas. Barra de escala: 1 cm para
Figs. 9 y 10; 100 µm para Figs. 11 y 12; 10 µm para Figs. 13-16.

the summer sampling corresponded with a reduc-
tion in water current and an increase in water
temperature. Differences in the timing of open tips
were consistent between seasons. Reproductive
maturity (i.e., presence of carposporophytes) may
be triggered by a temperature threshold (≥ 12 ◦C).

Iberian Peninsula distribution. Girona, Lleida
(Tomas et al., 1987; Sabater et al., 1989); Orense
(López & Peñalta, 2004).

Taxonomic remarks. Lemanea fluviatilis is dis-
tinguished from other species of Lemanea by
its stalked thallus, little-branched populations
(< 40 % of the population), and patchy occur-
rence of spermatangia (Vis & Sheath, 1992;
Kučera & Marvan, 2004).

Paralemanea catenata (Kützing)
Vis et Sheath (Figs. 17-26)

Uniaxial and pseudoparenchymatous gameto-
phyte thallus, unstalked, without branching, 2-
9.5 cm (x = 5 cm) tall. Outer cortex composed of
four cell layers; cells increasing significantly in
size from outer to inner layers. Axial cell sur-
rounded by abundant rhizoidal filaments. Ray
cells form two layers: the proximal ones not
touching the outer cortex, and the distal ones gen-
erally “Y”-branched and connected to the cortex.
Nodal diameter 670-1570 µm (x = 962.8 µm); in-
ternodal diameter 430-970 µm (x = 656.8 µm);
ratio nodal/internodal diameter 1.0-2.5. Sper-
matangial sori in nodal rings; 65-102 µm in di-
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Figures 17-26. Morphological features of Paralemanea catenata. Fig. 17. Habit of alga. Fig. 18. Cross section of the thallus show-
ing axial cell surrounded by abundant rhizoidal filaments (arrow). Fig. 19. Spermatangial sori in nodal rings (arrow). Fig. 20. Cross
section of spermatangial cells (arrow). Fig. 21. Cross section of the outer cortex showing the gonimoblast filament (arrow). Fig. 22.
Carposporangia inside the thallus cavity. Fig. 23. Carpospores in chains. Fig. 24. Detail of “Chantransia” stage and monosporangia
(arrow). Fig. 25. Initial stage of meiosis in a “Chantransia” apical cell, showing a protrusion of the first elimination cell (arrow).
Fig. 26. Early stage of the juvenile gametophyte (arrow). Scale bars: 1 cm for Fig. 17; 100 µm for Figs. 18 and 19; 10 µm for Figs.
20-26. Caracterı́sticas morfológicas de Paralemanea catenata. Fig. 17. Aspecto del alga. Fig. 18. Corte del talo mostrando la célula
axial rodeada de abundantes filamentos rizoidales (flecha). Fig. 19. Soros espematangiales en forma de anillo en la región nodal
(flecha). Fig. 20. Detalle de las células espermatangiales en una sección transversal del talo (flecha). Fig. 21. Corte transversal del
cortex exterior mostrando el filamento gonimoblástico (flecha). Fig. 22. Carposporangio dentro de la cavidad del talo. Fig. 23. Car-
posporas en cadenas. Fig. 24. Detalle de la fase “Chantransia” con monosporangios (flecha). Fig. 25. Célula de eliminación (flecha)
que determina el estado inicial de la meiosis y se desarrolla en el ápice de una rama de la fase “Chantransia”. Fig. 26. Estadı́o
temprano de un gametofito juvenil (flecha). Barra de escala: 1 cm para Fig. 17; 100 µm para Figs. 18 y 19; 10 µm para Figs. 20-26.

ameter; ratio spermatangial/nodal diameter 1-
1.9 µm (x = 1.5 µm). Carpogonial branches com-
posed of ovoid to globular cells, on nodes
or internodes, and penetrating the cortex to-
wards the thallus surface; trichogyne pear-
shaped. Carposporophyte sessile, on the inner
portion of cortex. Carpospores in chains up to
twelve, ovoid, ellipsoid or irregular, 10-17.5 µm
(x = 14 µm) in diameter; 10-24 µm (x = 21 µm)
in length. “Chantransia” stage microscopic,
brownish, growing near the base of the gameto-

phytic thallus, with cylindrical cells, 15-22 µm
(x = 19 µm) diameter, 35-125 µm (x = 73.5 µm)
length and monosporangia spherical to sub-
spherical, 14-18 µm diameter. The “Chantransia”
stage produced juvenile gametophytes in lateral
branches of the “Chantransia” filament. The site
of meiosis was generally situated one or two cells
above a unilateral branching of the “Chantransia”
filaments. The elimination cells are preserved
during gametophyte development and can be ob-
served even during the later stages.
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Phenology. Gametophytes were present in the
study site from spring to winter (Fig. 28).

Generally, the mean gametophyte length,
number of spermatangial sori and number of
carpoporophytes were similar throughout the
study. The highest percentage cover was re-
ported in winter (39 %) and the longest ga-
metophytes were found in spring in high-
temperature water (12-17 ◦C) and low current ve-
locity (40-50 cm s−1). The field data revealed an
increase in the spring and summer of the percent-
age of open tips with abundant spermatangial sori
and carposporohytes.

Iberian Peninsula distribution. Girona (as Le-
manea nodosa, Sabater et al., 1989).

Taxonomical remarks. Paralemanea catenata is
distinguished from Lemanea fluviatilis in Spain

by its unstalked and unbranched thallus. Somatic
meiosis in this population was similar to that
observed in P. catenata from USA and other
species of the Lemaneaceae (Necchi & Carmona,
2002). The “Chantransia” stage was observed
in the field, associated with the basal portion
of gametophytes. The presence of monosporan-
gia has rarely been reported in the “Chantran-
sia” stage of Lemaneaceae but confirms that it
represents a common mode of propagation, as
in the order Batrachospermales (Sheath, 1984;
Carmona & Necchi, 2002).

Ecology and distribution

In terms of environmental variables (Table 1),
all populations were found in conditions of mild
temperature (5-17 ◦C), moderate acidity to neu-

Table 1. Physical and chemical characteristics of streams containing Batrachospermales in the Jarama Basin, Iberian Peninsula
(DIN, dissolved inorganic nitrogen; SRP, soluble reactive phosphorus). n = 3 for percentage cover, n = 10 for current velocity,
irradiance and depth, n = 3 for physico-chemical analyses of water. Caracterı́sticas fı́sico-quı́micas de los rı́os de la Cuenca del
Jarama, Penı́nsula Ibérica que contienen Batrachospermales (DIN, nitrógeno inorgánico disuelto, SRP, fósforo reactivo soluble).
n = 3 para el porcentaje de cobertura, n = 10 para la velocidad de la corriente, irradiancia y profundidad. n = 3 para los análisis
fı́sico-quı́micos del agua.

Locality, season
and date

Species and average
percentage cover

T
[◦C]

Specific
conductance

[µS cm−1]

pH Saturation
oxygen

[%]

DIN

[mgl−1]

SRP

[mgl−1]

Ca++

hardness

[mg CaCO3 l−1]

Current
velocity

[cm s−1]

Irradiance

[µE m2 s−1]

Depth
[cm]

Associated
species a

Guadalix 1
Spring
25.04.2008

Batrachospermum

gelatinosum (3)
Lemanea fluviatilis (20)

12 172 6.3 100 0.28 0.04 15 150 183 13 Chamaesiphon

incrustans Grunow
in Rabenhorst [E]

Summer
30.07.2008

B. gelatinosum (5)
L. fluviatilis (1)

13 108 6.6 196 0.83 0.04 15 118 167 14 Ch. incrustans[E]
Hydrococcus caesatii

Rabenhorst [Eph]
Autumn
07.11.2008

B. gelatinosum (0)
L. fluviatilis (38)

19 193 6.7 197 0.20 0.12 17 180 296 16 Ch. incrustans [E]

Winter
20.02.2009

B. gelatinosum (0)
L. fluviatilis (41)

17 191 7 100 0.38 0.13 15 158 723 11 Ch. Incrustans [E]

Guadalix 2
Spring
25.04.2008

Paralemanea catenata (19) 12 120 7.2 102 0.79 0.23 19 150 800 17 Stigeoclonium sp. [E]

Summer
30.07.2008

P. catenata (10) 17 279 6.7 197 2.07 0.98 41 140 740 32 H. caesatii [Eph]

Autumn
05.12.2008

P. catenata (20) 17 197 7.5 101 0.42 0.53 29 162 179 17 H. caesatii [Eph]

Winter
27.02.2008

P. catenata (39) 15 152 7.3 100 0.06 0.19 59 130 1132 16 Stigeoclonium sp. [E]

Manzanares
Summer
22.07.2010

L. fluviatilis (20) 13 127 7.0 198 0.19 0.02 14 150 160 10 Vaucheria sp. [E]

Mediano
Summer
22.07.2010

L. fluviatilis (30) 13 125 6.9 101 0.08 0.01 14 125 180 15 Phormidium sp. [E]

a = [E] Epilithic. [Eph] Epiphytic.
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Lemanea fluviatilis
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Figure 27. Percentage cover and values of reproductive char-
acteristics (mean and standard deviation) for seasonal samples
of Lemanea fluviatilis in Guadalix 1 location, Jarama Basin
n = 3 for percentage cover, and reproductive characteristics.
n = 20. Cobertura porcentual y valores de las caracterı́sticas
reproductoras (promedio y desviación estándar) de Lemanea
fluviatilis durante el estudio estacional en el punto Guadalix 1,
cuenca del Jarama. Para el porcentaje de cobertura n = 3, ca-
racterı́sticas reproductivas n = 20.

tral pH (6.3-7.5), relatively low ionic content
(specific conductance 25-279 µS cm), shallow-
ness (depth 4-32 cm), and slow to fast water
flow (8-130 cm s−1). The stream segment where
it was observed is partly shaded, on rocky sub-

strata (mostly bedrock), with a high percentage
of oxygen saturation (96-101 %) and low hard-
ness (≤59 mg CaCO3 l−1). Temperatures were
highly variable and similar to those reported by
Vis et al. (1996) for B. gelatinosum (1-27 ◦C),
Vis & Sheath (1992) and Kučera & Marvan
(2004) for L. fluviatilis (7-24 ◦C) and P. cate-
nata (8-24 ◦C). However, this study has demon-
strated a clear relation between percentage cover
and seasonal changes in the L. fluviatilis and P.
catenata populations in the Guadalix segments,
and a clear relationship with temperature (Figs.
27-28). The greatest percentage cover in the two
streams was registered in autumn and winter,
when temperatures were low (5-9 ◦C), similar
to previous reports for L. fluviatilis in north-
eastern Spain (Tomas et al., 1987) and North
America (Thirb & Benson-Evans, 1985; Filkin &
Vis, 2004). Current velocity was positively as-
sociated with percentage cover in L. fluviatilis
and P. catenata, suggesting it was also impor-
tant. The current velocities measured in our study
sites produce an optimal growth of L. fluviatilis
from 80-200 cm s−1 similar to previous reports
for this specie (Thirb & Benson-Evans, 1985;
Kučera et al., 2008). The moderate to highly al-
kaline waters reported for several sites with mo-
noecious populations of B. gelatinosum (= B.
moniliforme) in southeastern Spain (Sabater et
al., 1989) contrast with the relatively acid and
siliceous streams in this study. According to Vis
& Sheath (1992) and Eloranta & Kwandrans
(2002, 2004) this species has the widest range of
distribution in North America and Europe, which
could be due to a greater tolerance of conditions.
In relation to the trophic level, we recognize
two main groups, the first (Guadalix 1, Mediano
and Manzanares) with populations of B. gelati-
nosum and L. fluviatilis growing in oligotrophic
to mesotrophic conditions (soluble reactive phos-
phorous, SRP, 0.01-0.13 mg l−1 and dissolved in-
organic nitrogen, DIN, 0.08-0.83 mg l−1). The
second group (Guadalix 2), with populations of P.
catenata growing in more polluted, mesotrophic
to eutrophic conditions (SRP, 0.06-0.32 mg l−1

and DIN, 0.06-2.07 mg l−1). These taxa, how-
ever, have a rather wide tolerance of physical
and chemical variables (Vis & Sheath, 1992; Elo-
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Paralemanea catenata
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Figure 28. Percentage cover and values of reproductive char-
acteristics (mean and standard deviation) for seasonal sam-
ples of Paralemanea catenata in Guadalix 2 location, Jarama
Basin. n = 3 for percentage cover and reproductive character-
istics n = 20. Cobertura porcentual y valores de las carac-
terı́sticas reproductoras (promedio y desviación estándar) de
Paralemanea catenata durante el estudio estacional en el punto
Guadalix 2, cuenca del Jarama. Para el porcentaje de cober-
tura n = 3, caracterı́sticas reproductivas n = 20.

ranta & Kwandrans, 2002, 2004), and may be
correlated with several morphological and repro-
ductive adaptations. Lemanea fluviatilis and P.
catenata were associated with two frequent and
abundant epiphytic and epilithic Cyanobacteria,
especially in the summer and autumn (Table 1):

Hydrococcus caesatii and Chamaesiphon incrus-
tans (Serrano et al., 2004).

The affinities of Batrachospermales species in
the Jarama Basin and the temperate streams in
central and north Europe may indicate a possi-
ble biogeographical connection with the regions
with temperate, boreal or high-altitude streams,
e.g. Sweden (Israelson, 1942), Poland (Starmach,
1977; Mirek et al, 2006), Finland (Eloranta &
Kwandrans, 1996), Serbia and Montenegro (Cvi-
jan, 2002; Simić 2007) and the Czech Republic
(Lederer & Soukupová, 2002; Kučera & Marvan,
2004; Kučera et al., 2006, 2008). However, the
genus Paralemanea is missing from northern Eu-
rope (Kwandrans & Eloranta, 2010).
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