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ABSTRACT

A survey on the studies of filarnentous green algae in Spain is presented. The main part of the information was produced by
Margalef in the 50's. Recently, there is an increasing interest on filarnentous green algae. Data on distribution and ecology are

compiled.

INTRODUCTION

The relative importance of macrophytes in benthic
communities is much more higher in freshwater than in
marine habitats dominated by macroalgae. In epicontinental
waters benthic communities are composed mainly of micro-
algae in close relationship with phanerogamic macrophytes.

Most of the microscopic benthos of freshwater habitats
have such a passive role like plankton but they have redu-
ced their losses by sedimentation to zones gutside the photic
zone. In lakes and especially small ponds, primary produc-
tion of littoral and benthic algae is twice that of plankton
one and the production of macrophytes is higher than both
together (MARGALEF, 1983).

Filamentous green algae constitute an important compo-
nent of algal communitiesin freshwater habitats. Neverthe-
less, their enormous morphological plasticity and the diffi-
culty of observing some features have complicated their
taxonomy. These and other facts explain the scarcity of data
on their ecology.

On a worldwide scale there is a lack of information as
regards their geographical distribution and it seems neces-
sary to undertake a taxonomical review of some of these
algal groups.

The filament is an excellent adaptative form: the plant
grows rapidly in length and can use new volumes of water
maintaining the area/volume ratio constant. Branches repre-
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sent avariation which permit the algae a better use of water
in confined spaces and a better control of absorption
(MARGALEF, 1983).

A sucession from simple filaments with fast growth to bran-
ched filaments with a slower growth can be observed very
frequently in freshwater ecosystems (MARGALEF, 1983).

FLORA. DISTRIBUTION.

The most important contribution to our knowledge of
Spanish algal flora was made by ALLORGE & ALLORGE
(1930), ALLORGE & MANGUIN (1941), BESCANSA
(1907, 1908), CABALLERO (1942, 1945, 1947, 1950),
GONZALEZ GUERRERO (1927, 1931, 1940a,b, 1942,
1946, 1953, 1960), LEWIN (1888) and MARGALEF
(1944,1946a y b, 1947, 1948, 1949a y b, 1950, 1951, 1952a
y b, 1953, 1955, 1956, 1957).

A total of 431 filamentous green algae taxa were recor-
ded (ALVAREZ COBELAS, 1983; ALVAREZ COBELAS
& GALLARDO, 1986; CAMBRA, 1985).

More recently new reports were presented (CAMBRA,
1987, 1988, 1989 ay b; SABATER, 1989; ABOAL, 1988 a
y b, 1991, 1992).

The most frequently cited genus was Oedogonium (fig. 1)
followed by Spirogyra and Mougeoria and the most impor-
tant order is Zygnematales (fig. 2).



Oedogonium prefers softwater rich in humic compounds
and iron. In such conditions a relatively high number of
species can cohabit without any indication of competition
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Figure 1. Floristic diversity of filamentous greeii algae in Spain

and with more or less synchronic reproduction. Very often
some related forms are collected at thc same site and time,
suggesting the possibility of polyploid series. Some experi-
mental data supports this hypothesis (HASITSCHKA-
JENTSCHKE, 1960). The Oedogonium live mainly as
epiphytes on macrophytes.

Spirogyra (and other Zygnematacean taxa) has a wider
ecological range (HOSHAW & McCOURT, 1988). It
probably prefers softwater but it can also been collected in
saltwatcr. Many species are cosmopolit but a great number
of them have a more restricted distribution. The existence
of autopolyploids was shown several times in the laboratory
(HOSHAW et @l..1985,1987) and in the field( WANG et al .,
1986). These polyploids are considered different species in
classical monographs. In fact, there is an overestimation of
the number of Spirogyra species (as in Oedogonium).
Probably 30% of Spanish Spirogyra species are really poly-
ploids. WANG eral., (1986) found a correlation between an
altitudinal gradient and the ploidal level. With the data avai-
lable, it is impossible to test this hypothesis in Spain. Furt-
her efforts are necessary to confirm the relationship of
morphology and ploidy with ecology in Spirogyra and rela-
ted genera. LEWIS (1980) in studies of many higher plants
showed that physiological ranges and ecological niches
differ for different ploidal forms of plants.

Ulothrix includes several species with a very simple morp-
hology and rather different physiology and ultrastructure. The
most conspicuous species (U. zonara) has several physiologi-
cal racesinhabiting very different saprobic conditions.

Sphaeroplea is probably broadly distributed in temporal
ponds from arid regions but due to its short life cycle it has
been cited very few times.

Cladophoraceae are characterized by multinucleate cells
and may form uniseriate (Rhizoclonium) or branched
(Cladophora) filaments. All of them are typical of alkaline
waters and support a very diversified community of epiphy-
tes (like Oedogonium but unlike Spirogyra)

Chaetophoraceae has a very evolved thallus with pros-
trate and erect portions. The presence of mucilage is relati-
vely frequent Thecy are very common but fairly incospicuous
on flowing waters on rocks or macrophytes.

The main contribution to the study of aquatic biocenosis
in Spain was undertaken by MARGALEF (1944, 1946,
1947, 1948, 1949c, 1951b, 1952b, 1955 ay b, 1958). He
described a total of 40 associations of which 23 were refe-
rred to filamentous green algae.

The following paragraphs are devoted to a synthetic
approach to the distribution of filamentous algae in Spanish
aquatic systems.

Temporary stagnant waters

Temporary stagnant waters (pools, ponds, rice fields,
peat-bogs) are the most widespread water system all over
Spain. Organisms inhabiting these must survive to periodi-
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Figure 2. Species number of the maun studied orders of Chlorophyta.

cal drought and usually produce durable cells or spores:
oospores or zygospores (Bulbochaete, Spirogyra, Oedogo-
nium, Sphaeroplea). These are the dominant genera in all
kinds of temporary waters.

If we compare theflora of Spain's geographical regions it
can be observed that the Atlantic Basin has the highest taxa
richness (fig. 3) and the Alpine region is the lowest,
althought in this late case, the relatively low number of



species recorded is related with the scarcity of data and the
difficulty in finding fructified material(indispensable for
species identification).

In the Atlantic systems (fig. 4), Ocdogoniaceae are the
doininant group: Oedogonium and Bulbochaete together
represent 63% of the total number of taxa. In these systems,
Oedogoniaceae are accompanied by many Tribonema and
Desmids species and constitute a community which is very
frequent in Northern Europe (MARGALEF, 1955).

The Mediterranean freshwater systems (fig. 4) are domi-
nated by Zygnemataceae (73%).

The algal communities of endorrheic lagoons are similar
to the Mediterranean communities, with a great number of
Zvgnemataceae. However, the relative proportion of
Vaucheria species is higher.

In alpine teniporary waters the percentage of Zygnemara-
ceae (i.e. Zygogonium ericetorum) is slightly higher than
that of Oedogoniaceae but they are usually sterile.

Ulothrichales are well represented in peat-bogs and acid
waters (i.e. Binuclearia tectorum, Chlorhormidium crenula-
tum, C.mucosum, Microspora pachiderma, M.amoena) but
much more floristic information is required.

Rice fields are located on the Eastern coast of Spain.
Important algal growths of Sphaeroplea annulina, almost
completely covering the water surface can be observed at
the beginning of the cultivation. Hydrodictyon reticulatum
rnay develop a thallus of several meters. Later on, before
harvest, Cladophora masses became dominant.

In more permanent waters, which do not dry up in
summer, the filamentous masses of Oedogonium, Spirogvra
and others are replaced by Cladophora fracta and C.glome-
rata v,crassior mats, in mesotrophic and eutrophic waters
(MARGALEF, 1983). In this more stable situation, the
macroalgal filaments are covered by many Chaetophoralean
epiphytes (Aphanochaete repens, Coleochaete scutata,
Gloeoplax weberi, Protoderma viride).

In brackish or saline waters (endorrheic or coastal lago-
ons), algal mats of Rhizoclonium hieroglyphicum, Chaeto-
morpha sp.pl., Cladophora glomerata var.crassior, C.seri-
cea, C.vagabunda are dominant (fig.4). Zyvgnematales and
Oedogoniales are not frequent (i.e.Oedogonium capilli-
forme, Spirogyra monserratii, S.subsalsa, S.micropunctata).

Flowing waters
In flowing waters the most widespread species is Cladop-

hora glomerata, especially in mesotrophic alkaline waters
(MARGALEF, 1983), although it can be collected in a very
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Figure 3. Species number of filamentous algae in several biogeo
graphic areas of Spain.

wide ecological range from oligotrophic to heavily organic
polluted waters (ABOAL, 1989a; SABATER,1987). Seve-
ral filamentous green microalgae can live on Cladophora
cells (Aphanochaete polychaete, Coleochaete orbicularis,
Microthamnium strictissimum, Uronema conferviculum or
Protoderma viride).

Other groups such as Chaetophorales and Ulothrichales
can develop important growths depending on the alkalinity
values and water nutrient content (ABOAL. 1987: SABA-
TER, 1982, 1987).

Draparnaldia glomerata and D.mutabilis frequently
cover the aquatic phanerogams or rocks in the littoral zone
of slowly flowing streams with relatively low conductivity
and low level of nutrients (ABOAL, 1987, 1989).

Attached to the aquatic phanerogarn roots several species
of Stigeoclonium can he found in alkaline flowing waters,
from oligo-mesotrophic (S.longipilum, S.nanum, S subse-
cundum, Swvariabile) to heavily polluted (S.renue).

The hemispherical lobulated thalli of Chaerophora
species cover rocks or rnacrophytes in several flow condi-
tions but always in pure alkaline water: Ch.glomerata is
rnainly epiphytic and Ch.incrassata is epilithic. Both can
develop a very hard encrustation.

Some of these filamentous algae strongly adhered to
rocks and are usually intensely encrusted. They constitute a
very important and very inconspicuous portion of benthic
communities (Gongrosira, Chloroclonium). Species of
Gongrosira can inhabit both saltwater and freshwater stre-
ams (G.debaryana, G.incrustans) and can even grow on
macroalgae such as Cladophora (G.scourfieldii). The only
known species of Chlorotvlium (Ch.cataractarum) is
characteristic of pure fast flowing waters all around the
world (ABOAL, 1989¢).



Masses of filaments of some Ulothrix species can be
accumulated in some littoral river ponds (U.moniliforme,
U.oscillarina, U.subtilissima, U .tenerrima, U.zonata) from
oligotrophic to eutrophic waters and from low to high
conductivity. Very often these species are entangled with
other Ulothrichacean algae such as: Geminella interrupto,
G.minor, G.ordinata (usually in waters with high nutrient
content), Klebsormidium flaccidum K.subtile (sometimesin
aerial conditions) or Microspora abbreviata, M.quadrata,
M .stagnorum y M.tumidula (almost always in eutrophic
waters), (ABOAL,1988b).

Zygnematacean species are present even in fast flowing
riffles (but they are much more diversified in littoral
ponds). Very often Spirogyra, Mougeotia and Zygnema
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filaments are entangled but Spirogyra forms zygospores
more freguently. Recent studies have considerably enlar-
ged the distribution of some of these (poorly known) taxa
and some new species have been described (ABOAL,
1991, 1992).

Oedogoniaceae, especially Bulhochaete species are very
common epiphytes on Chara but can cover bottom stones
too, always in oligotrophic waters. Oedogonium prefers
phanerogamic macrophytes and littoral zones. This algal
group is poorly diversified in alkaline waters and its repro-
duction is mainly asexual with the very rare formation of
oospores (ABOAL, 1989c¢).

Temporal rivers have some stretches which dry out in the
summer months with or without flowing water. In any case,
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Figure 4. Floristic diversity of spore-producting genus of filamentous algae in several areas of Spain
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Figure 5. Diurnal three-day changes of temperature water values of
Spirogyra and Cladophora.

speed flow is highly reduced in summer and algal commu-
nities are closer to those of stagnant waters . The dominance
of Cladophora and Vaucheria is clear at the beginning but
later on great algal mat masses are developped with Hydro-
dictyon, Enteromorpha, Spirogyra, Zygnema and Oedogo-
nium entangled with macrophytes such as Lemna. In these
temporal rivers, very hard encrusted Cladophora is accu-
mulated in littoral zones.

Saltwater streams are relatively frequent in some Spanish
regions (SE region). In these habitats algal flora is clearly
dominated by filamentous green algae: Rhizoclonium
hieroglyphicum, Cladophora glomerata and Chaetomor pha
gracilis cohabiting with several species of Enteromorpha:
E flexuosa, E.intestinalis, E.compressa (ABOAL, 1986).

All available information refers to akaline rivers of
Mediterranean Basin.

Lakes

The littoral of lakes is usally covered by a more or less
dense phanerogamic vegetation. Among these populations,
except in Alpine lakes, local growths of filamentous algae
are frequently observed. They are attached to vascular
plants in the early spring and during summer they break
away and float (CAMBRA, 1990). However, the species
richness of filamentous algae is much lower than in tempo-
rary waters.

In Alpine lakes there is little filamentous algae diversity.
Occasionally there are local growths of Binuclearia tecto-
rum, Oedogonium sp. and especially Spirogyra sp.
(CAMBRA, 1990). On the other hand, alkaline lakes support
an important biomass of Cladophora fracta with Coleocha-

ete scutata, Gloeoplax weberi, Protoderma viride and Rhizo-
clonium hieroglyphicum. In such systems, very few species
of Spirogyra have been recorded (S.longata, S.majuscula);
they usually appear in early spring and are substituted in
early summer by an intense growth of Cladophora.

In coastal saltmarshes the chloride concentration reaches
very high values (CAMBRA, 1980) determining the compo-
sition of filamentous populations. In oligohaline waters
Cladophora glomerata var.crassior and specialy Rhizoclo-
nium hieroglyphicum are dominant all year round. They
cohabit with Aphanochaete repens, Epilobium dermaticola,
Oedogonium capilliforme, Ulothrix flacca and Uronema
africanum. In mesohaline waters some Ulvophycean such as
Enteromorpha and Monostroma can appear.

ECOLOGY

Our knowlege of filamentous green algae ecology is very
scarce and fragmentary.

There are very few data concerning the amount of fila-
ments living in a certain volume of water: 10-1000m/1
(MARGALEF, 1983). Spirogyra and Cladophora may
triplicate their own biomass in only three days and even
faster during some periods.

Mats of filaments decrease water turbulence. The gas
bubbles produced by photosynthesis facilitate the detach-
ment of filaments. These free-floating algae receive a very
intense irradiation and become yellow-green. They seem to
be fairly active but, in fact, even when their chlorophyll
content is lower their net photosynthesisis higher. In labo-
ratory studies (ADRIAN & LEMBI,1991) when the ilumi-
nation is reduced they recover their former status. Chlo-
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Figure 6. Diurnal three-day changes of pH values of Spirogyra and
Cladophora.



Conductivity (uS/cm)
500 ———— —

i
i

400~ T —
300 - I
200+ A A, i
. - = g N i
e e b
1007 — - L b
| 7 “u © | 7 4 1 | 7 4 B |
Time (hours)
—— Spirogyra  —— Free water —= Cladophora
Figure 7. Diurnal three-day changes of conductivity water values of
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rophyll acontent of filamentous algae is about 0.5-2.4 % of
itsdry weight (MARGALEF, 1983) and in Cladophora may
represent about 112 mg/m2 (SABATER, 1988). These high
values pose a question as regards the significance of algae in
the the food chain. Usually it is thought that herbivores
prefer to graze Diatoms and other epiphyte microalgae, but
the main source of food for some insect larvae and freshwa-
ter fishes are Zygnemataceae, Oedogoniaceae and Ulothri-
chales, a least in Mediterranean temporary rivers (PUIG &
ABOAL, inéd. dat.). The exact role of herbivors in the
control of populations must be studied.

In stagnant waters these filamentous mats may function
by pumping nutrient-rich deep water and transfering warm
water horizontally due to the gradient of temperature (0.5-
6°C warmer between filaments than in free water (MARGA -
LEF, 1983). In other situations this variation of teinperature
is not observed (fig. 5). On the other hand, algal mats filter
light and may absorb up to 99% of .incident radiation
(MARGALEF, 1983). Below the mats light intensity is very
low and conditions a-e nearly anoxic (CAMBRA &
DOMINGUEZ-PLANELLA, 1990).

In acomparative study in stagnant water over a period of
three days between water with and without filaments of
Cladophora-Spirogyra we observed: no variation of tempe-
rature (fig. 5) , the highest PH value in the interfilament of
Cladophora (fig. 6), maximum conductivity for Spirogyra
earlier in the morning than for Cladophora (fig. 7),and a
considerable effect of fauna respiration in the dissolved
oxygen on Cladophora (fig. 8).

In temporary rivers Cladophora plays an important role. In
Matarrafia River( Ebro basin) was not possible to observe
important variations of temperature between bare boulder,
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Figure 8. Diurnal three-day changes ot dissolved oxygen values of
Spirogyra and Cladophora.

algal mat surface and below the algal mat. Dissolved oxygen
values decrease (even when all of them represent oversatura-
tion) from bare boulders to water below algal mats. The mini-
mal dissolved oxygen values (maximal respiration) extends
each time over longer periods from bare boulders to below
mats. Moreover, masses of filaments increase oxygen content
superficially, not in depth, and gas bubbles are carried away
by flow to close-by waters. In late summer in ponds, Cladop-
hora masses may reach several meters in length and constitute
afree floating mat that remains for different periods of time
(never more than a month). At this time, a typical community
of epibionts lives on filaments and mats soften environmental
conditions: a difference of 10°C was registered between mat
surface and free water (GROSSMAN et al., 1986).

As aconclusion, it can be said that many areas of Spain
remain unexplored from the algological point of view even
though very interesting findings can be expected in a
country characterized by its extremely high environmental
diversity. From the ecological point of view , we can only
agree with Margalef (MARGALEF, 1983) when he was
surprised at the evident incapacity of biologist to make use
of the excellent experimental material represented filamen-
tous green algae.
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