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ABSTRACT

Phytoplankton developed in quiet areas o the middle and lower stretch o theriver Ter (Catalonia, NE Spain).
Euplanktonic assemblages were restricted to the nver mouth. Centric diatoms were scarce, and a great influence
of diatom benthic species was observed. Green agae were the dominant taxonomic group in the river.

The phytoplankton assemblages d the river Ter are intermediate between the fast-flowing, individual-poor
streamsand the large, dow-moving, individual-richstreams. Its medium Sze and the high nutrient concentrations
are the main factors respongble for its particular characterigtics.

INTRODUCTION

The river Ter is situated in NE Catalonia (NE
Spain). It is a typica Mediterranean (irregular
hydrological regime), medium-sized nver. Because
it drains an industrial and agricultural area it is
regulated and hasagreat variety of inputs. It flows
over a distance of 208 km to the Mediterranean
sea (fig. 1). From itssource in the Pyrenees (2500 m
altitude), its slope quickly decreases until the
city of Ripoll; from there it flows more slowly to
Girona and the sea. Three reservoirs are arranged
in the middle stretch of the river. The flow river
regime shows some Alpine influence in its upper
part, but in the rest it is typicaly Mediterranean;
i.e. flow is low when snow accumulates in the
mountains in January, and increase in March due
to snow melt. It has a pronounced minimum
during summer, and in the autumn there are
frequent floods because of the high rains. The
average flow (over the period 1972-1982) of the
river at the mouth is 29 m3s™".

True phytoplankton develop in the lower
stretches of medium and small size rivers when
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the current becomes dow (MARGALEF 1983). These
systems typically show a striking abundance of
benthic species. The importance of distinguishing
difference between the organismsswept up off the
bottom and the true plankters has been emphasiz-
ed by Hynes (1970). It has aiso been observed
(HoLmes & Waitton 1981) that plankton can
develop in pool areas or among the aquatic plants
of the river banks. In Mediterranean rivers the
hydrological regime (dry seasons alternating with
high water seasons or floods) should favour the
benthos influence and lead to a poverty of the true
plankters, because these systems are unstable.
The phytoplankton of Mediterranean European
rivers is poorly known. The only noteworthy
studies are CapsLanc & DAuTA (1978) and DauTa
(1975) on the river Lot (France) and ANDREOLI &
Fricano (1981) on the river Po (ltaly). This con-
trasts with an abundance of studies on this subject
in the non-Mediterranean area (West Europe:
DEescy 1987, HoLmes & WHiTToN 1981, LAck 1971,
LaNGE-BERTALOT 1974, Moore 1976, PEELEN
1975, SKULBERG & LILLEHAMMER 1984; East Euro-
pe: DoBLER & ScHMIDT 1980, Kuzmin 1978). There-
fore, moreinformation on phytoplanktonin Medi-
terranean riversisrequired in order to understand



the behaviour of these systems. In this paper some
data on the phytoplankton composition and abun-
dance of the river Ter are presented. Moreover,
a comparison with some other phytoplanktonic
assemblagesin European riversis discussed.

MATERIALS AND METHODS

As part of a more extensive algal study in the
Ter basin (SaBaTER 1989, 1990, SABATER & SA-
BATER 1988), a survey along the whole river was
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carried out in order to establish the development
of phytoplankton at different sites. Therefore,
tentative phytoplankton sampleswere taken every
5 km from the outflow of the reservoirs to the
mouth. However, subsurface samples were taken
mainly in two sites near the mouth of the river.
The first of them (site 48) was 1000 m upstream
from the river mouth, where the river was rela-
tively deep (2-4 mon average). Vegetation on the
rivers banks was formed by tamarinds (Tamarix
galica) and reeds (Arundo donax, Erianthus ra-
vennae). The second site (site 53), was located
close to the mouth, between a little idand and
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Figure 1.- Situation of the nver Ter (circle) with respect to the Ibenan Peninsula. Enlarged, there is a map of the nver Ter basin,
where its main tributaries and towns scattered along its banks are pictured. Shaded segments represent the stretches where plank-

ton development has been observed.

Situacioén del rio Ter en la Peninsula Ibérica (circulo). Ampliado aparece el mapa de la cuenca del no, indicandose sus principales
afluentes y las ciudades que se disponen en su curso. Los segmentos sombreados indican los lugares donde se observé desarrollo

de fitoplancton.



a sandy bar. The waters were shallow and a
macrophytic vegetation of Potamogeton sp. and
Miriophyllum sp. developed.

Collections were done between 1984 and 1987.
Samples were taken seasonally, during the more
significant hydrological periods (winter, spring,
summer). In ail the cases, phytoplankton was col-
lected with 250 ml glass bottles. Samples were
presewed with Lugol's solution (I+KI), and in a
few cases with 4 % formol. An inverted micro-
scope with a magnification of x 1000 was used
to identify the organisms; a x 400 magnification
was used for counting. In order to compare the
samples, phytoplankton counts are expressed in
relative percentages for each sample. In the count-
ing, cells, colonies or filamentswere considered as
aunit. Livediatoms were counted separately from
dead frustules. Identification followed GEITLER
(1932), GermaIn (1981), Komarek & Forr (1983),
KraMMER & LANGE-BERTALOT (1986) and KLEE &
SteEINBERG (1987). Scanning Electron Microscopi-
cal observations were carried out for determina-
tion of doubtful taxa, mainly on centric diatoms.
The analyzed material was gold coated and obser-
ved with a Cambridge S 120 and a Jeol 840; fresh
material was previoudy critical point dried. The
Shannon-Weaver diversity index in base e (Suan-
NoN & WEAVER, 1963) was calculated for each
sample.

Temperature, pH, conductivity and dissolved
oxygen were measured simultaneously. In some
cases, water samples were taken to the laboratory
in order to determine concentrations o nutrients
(phosphates, nitrates, nitrites, ammonia) and ma-
jor ions (sulphates, chlorides, silicates). The APHA
(1980) procedures were followed.

RESULTS

In afirst survey ssmplesof phytoplankton were
collected approximately every 5 km from the main
stretch of the river starting at the output of the
third resewoir (El Pasteral) and ending at the
mouth. Phytoplankton development was only ob-
sewed in the shaded segmentsthat are represent-
ed in figurel: below the resewoirs, after the city
of Girona and in the proximity of the mouth.

Water in the two sites near the mouth was al-
kaline, nutrient-rich and progressively important
in ionic strength, because of the vicinity o the sea
(table 1). In asite close to the outflow of the re-
servoirs, water was highly mineralized, but nu-
trient content was moderate. Just downstream of
Girona, pollution was obvious, with high amount
of human and industrial wastes. In all that sites,
changes in time of the variable concentrations
(major ions, nutrients) were related in a great ex-
tent to the recorded in the flow (SABATER & AR-
MENGOL , 1988), athough the resewoirs act as
regulators. Fluctuations were lower when closer
to the mouth (SaBATER, 1987).

The number o cells per milliliter ranged from
9,000-12,000in winter and spring, up to more than
50,000 in summer (92,000 at site 53). Diversity in
the samples was aways quite low, but it was
dightly higher at site 53. The lowest values
(0.4-0.6 hits) were found in winter at site 48. In
spring and summer values reached 1.1-1.5 at both
sites (table 2).

Seventy four algal taxa were observed in the
phytoplankton samples in the river Ter. Of
the non-diatom species, only some of the taxa
were not found in benthic samples (table 2). It can

Table 1.- Physico-chemical characteristics of the water in the sites where development of phytoplankton was detected. The given
values are the average of twelve monthly sampling periods (October 1982 to September 1983), except in the case of site 53, where
they are the mean of those correspondingto 29th April 1984 and 15th September 1987.

Caracteristicas fisico-quimicasdel agua en los puntosen que se observo desarrollo de fitoplancton. Los valorescorresponden a la
media de doce periodos mensuales de muestreo (de octubre de 1982 a septiembrede 1983). En el caso de la estacion 53 losvalores
corresponden a la media entre los obtenidos el 29 de abril de 1984y el 15 de septiembrede 1987.

pH Oxygen  Temp.

Cond. Alkalinity NO; NO,  NH; PO, 50, Si0,  Flow

(mgll) CC)  (uSlem)  (meq./)  (uM)  (uM)  (uM)  (uM) M) (M) (mls)
Downst, reservoirs 7.8 8.7 15.6 460 3.2 50.2 4.8 8.3 4.2 0.5 93.0 12.7
Downst, Girona 7.6 9.6 15.5 492.4 31 43.3 16.2 92.2 19.4 11 78.7 19.6
Site 48 8.2 9.4 24.7 2,350 4.0 24.7 9.1 12.7 15.7 3.6 71.4 11.3
Site 53 8.3 4.7 26.2 4,550 — 57.0 10.27 — 26.88 55 43.09 —
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Table 2.- Floristic composition, abundances and diversity of euplanktonic taxa of phytoplankton assemblages in sites 48 and 53,
both near the mouth of the nver. Relative abundances are expressed in percentages. The sign * designates taxa found only in plank-
ton samples.

Compospcic’)n floristica, abundancia y diversidad de las poblaciones de fitoplancton en las estaciones 48 y 53, ambos en las cercanias
de la desembocadura del no. Las abundancias relativas estan expresadas en porcentajes. El signo * indica los taxones observados
Unicamente en las muestras de fitoplancton.

Site 48 Site 53
1984 1985 1986 1987 1984 1985 1987
Species March Dec. March Jan. March Sept. March Dec. Jan. Sept.
CYANOPHYTA
Anabaena constricta (Szef.) Geit. 0,3 0.4
Merismopedia tenuissima Lemm. 1,0 02 1,2 1,6 0,2
Phormidium frigidum Fritsch 0.8
EUGLENOPHYTA
Euglena sp. (*) + 03 2,7 7.8 . . + . 23,5 .
Phacus sp. (*) 1.7 0.3 . 0.5 . 0.2 + 1.6 . +
CHLOROPHY CEAE
Actinastrum hantzschii Lagerh. (*) . . . 0.5 . . . 1.3 .
Ankistrodesmus falcatus (Corda) Ralfs 43.7 0.3 . 0.7 . 2.6 36.2 0.8 1.0 31
Coelastrum microporum Nag. in A. Br. (*) 7.6 0.5 . + . 0.6
C. astroideum De-Not. (*) . 0.7 . . . 0.2
Chlamydomonas sp. (*) 1.4 0.7 . . + . . .
Chlorella vulgaris Beij. . 83.1 88.7 81.9 84.6 22.4 . 53.0 60.5 17.9
Crucigeniella apiculata (Lemm.) Kom. (*) . 0.2 . . . 1.1
Dictyosphaerium pulchellum Wood (*) . . + . 0.3
Golenkinia radiata Chod. (*) . . + . . .
Kirchneriella subcapitata Jors. (*) 2.8 . 0.8 1.7 0.6 57.6 1.3 6.5 29 56.6
Micractinium pusillum Fres. () . . . 0.7 . . . 1.2
Monoraphidium griffithii (Berk.) Kom.-Leg. 0.8 . 0.2 + 0.5 13 0.4 0.3 0.2
M. contortum (Thuret in Breb.) Kom.-Leg. . 7.8 . . 0.6 10.3
Oocystis lacustris Chod. (*) + 2.9 . . . 1.4
Pediastrum boryanum (Turpin) Menegh . + . . . +
P. duplex Meyen (*) . . . 0.2 .
Scenedesmus acuminatus (Lagerh.) Chod. (*) . . . . + . . .
S. acutus Chod. (*) . . + 0,5 . . . 0.9
S. apiculatus (W. & G.S. West) Chod. (*) . . . . +
S armatus Chod. (*) . . . . +
S. brevispina (G.M. Smith) Chod. (*) . . . 0.7 . 0.2 . 2.3 0.2
S. longispina Chod. (*) . . +
S. magnus Meyen (*) . . +
S. ovalternus Chod. (*) + . . . .
S. quadricauda (Turp.) Breb. (*) 33 2.4 0.8 0.5 1.4 1.1 2.0 + 0.6
S. sempervirens Chod. (*) . . +
S. spinosus Chod. (*) . . . . . . . 0.2
S. subspicatus Chod. (*) . . . . . . +
Sphaerellopsis sp. (*) . . . . . 4.5 .
Tetraedron minimum (A. Br.) Hansg. (*) . 0.7 0.3 0.3 . . . 0.4 +
T. triangulare Kors. (*) 22 . . . . 0.2 4.9 . 0.4
Tetrastrum staurogeniaeforme (Schroder) 239 . 0.3 . . 0.2 20.1 0.4 0.4
Lemm. (*)
BACILLARIOPHYCEAE
Cyclotella meneghiniana Kiitz 1.4 1.0 . 15 . . . 2.4 2.9
C. kutzingiana Thwaites + + . + . . +

Cocconeis placentula Ehr. . 0.3 0.6 0.2 . . . . . 0.4



Site 48

Site 53

1984 1985 1986

1987 1984 1985 1987

Species March Dec. March Jan. March Sept. March Dec. Jan. Sept.
Cymbella ventricosa Kitz. 0.5 . 0.3
C. affinis Kitz. . 0.3
Diatoma vulgare Bory 0.3
D. elongatum (Lyngb.) Agardh + . : : .
Fragilaria construens (Ehr.) Grun. 0.5 0.3 0.6 . . . 4.1
Gomphonema constrictum Ehr. 0.4
C. parvulum (Kitz.) Grun. 1.6 0.3 . 1.2
Melosira varians C.A. Agardh 1.9 + . 3.1 1.6
M. arenaria Moore 0.3 0.2 - .
Navicula accomoda Hust. 0.5 . . 1.3 2.0
N. bacillum Ehr. . 0.3 . . . . .
N. cryptocephala Kitz. . 0.6 0.3 . . . . 0.3
N. capitoradiata Germain . 0.4 .
N. goeppertiana (Bleisch) H.L. Smith 0.2 . 0.6 . 0.2 0.3
N. gregaria Donkin 2.7 0.7 . . 26.3
N. capitata v. Aungarica (Grun.) Ross 0.3 0.2 . 0.4
N. lanceolata (Agardh) Cl 0.5 . . 0.6 0.9 .
N. pupula Kitz 1.0 0.2 . . 1.2
N. subminwcula Manguin 0.4
N. tripunctata (O.F. Muller) Bory
N. trivialis Lange-B. 0.3 .
Nitzschia dissipata (Kitz.) Grun. . . . 0.5
N. gandersheimiensis Krasskc 35 0.8 0.7 . . . 5.6
N. gracilisHantzsch. 0.8 17 0.2 . . 0.9 2.8
N. amphibia Grun. 1.0 2.4
N. umbonata (Ehr.) Lange-B. . . . 1.2
N. palea (Kiitz.) Grun. 7.8 17 1.2 0.6 0.2 2.2 . 0.3
N. pusilla Kitz. 0.28 .
N. sigma (Kitz.) W . Smith 0.3
Stephanodiscus minutulw (K(itz.) 0.4
Cleve & Moller
S. hantzschii f. tenuis (Hust.) Hakansson & 0.6 0.2
Stoermer
S. rotula (Kiitz.) Hendey + + + ) . .
Synedra ulna (Nitzsch.) Ehr. 0.3 0.7 0.3 0.5 1.3 . . 32 0.3
DIVERSITY (H) 144 0.55 0.46 0.71 0.4 134 11 1.18 117 1.48

be assumed that they are euplankters. Among the
Chlorophyceae, the following were the most abun-
dant: Coelastrum microporum, Kirchneridla sub-
capitata, Scenedesmus brevispina, S. quadricauda,
Tetraedron triangulare and Tetrastrum stauroge-
niaeforme. Of the diatoms, only seven species
belonged to the centric group: Cyclotella mene-
ghiniana, C. kutzingiana, Melosira varians, M.
arenaria, Stephanodiscus hantzschii f. tenuis, S.
minutulus, and S. rotula (fig. 2). Moreover, in
contrast with other rivers (Descy, 1987; Kiss,
1987; LANGE-BERTALOT, 1974), centric diatoms

were not abundant. C. meneghiniana and M. va-
rians were the most important, but they never
exceeded the 3 % of any sample.

Cyanophyta were not important in the samples
at any time. Merismopedia tenuissima was the
most constant species of the group, but it never
reached important numbers (table 2). Two species
of bacteria (Sarcinamaxima Lindner and Sphaero-
tilus natans K(tz.) were microscopicaly observed
in the proximity of the city of Gironain high num-
bers. Their presence in the phytoplankton samples
is likely caused by pollution. Cryptophyceae or



chrysophyceae, two groups that are frequent in
the plankton elsewhere (BAKER & BAKER, 1981,
Howmes & WarrToNn, 1981) were not found in
the Ter.

The dominant diatom species were pennales.
These specieswere not abundant, except in spring
of 1984, where Navicula gregaria, a speciesthat is
very frequent in estuarine habitats (Mc INTIRE,
1973; Riaux & GERMAIN 1980), comprised 27 %
of the sample at site 53. The relative abundance
of diatoms decreased from spring to summer, prob-
ably because as the water becomes slower these
species settle out of suspension. This assumption
is in agreement with the live/dead diatoms ratio.
In winter and spring 48-70 percent of the total dia
toms were dead, while in summer this percentage
never reached 5 %.

Chlorophyceae (green algae) were the most im-
portant taxonomic group. Thirteen taxa of Scene-
desmus were recorded in the phytoplankton (fig. 2),
mainly during summer. None of these species
was abundant, and in total they never comprised
morethan 3 % o all cells. Other green algae were
more abundant; in the outflow of the reservoirs,
Chlordlareached abundances of 99 percent of the
total, Ankistrodesmus falcatus and Chlordla vul-
garis accounted for 36 to 88 percent of the total
cell number over the whole study period, except
in the summer, when previously absent species
appeared (Micractinium pusillum, Oocystis lacus-
tris ), and others such as Kirchneriella subcapitata
and Monoraphidium contortum increased in
number.

DISCUSSION

Some occasiona growths of phytoplankton
were detected in the river Ter. In quiet areas,
such as at the output of El Pastera reservoir, a
poorly developed assemblage was found. Physica
conditions favourable to plankton development
should also occur near Girona, but pollution from
the city probably limited the development of the
plankton. A true phytoplankton community in
the river Ter developed only in the vicinity o the
mouth.

Benthic communities had a great influence on
the Ter plankton assemblages. Euplanktonic cen-

tnc diatoms were never abundant. The most com-
mon euplanktonic taxawere the green algae. Ben-
thic species were most important in winter and
spring because of the higher water flow, and
at shalow areas, such as site 53. Switches from
green algae to diatoms in time was irregular in
the Ter.

In other lotic ecosystems such switching has been
described (BAKER & BAKER, 1981; Descy, 1987,
PinTER & BACKHAUS, 1984; WiLLiaMs & ScCOTT,
1962), with centric diatoms being abundant during
winter and autumn (FRIEDRICH & MULLER, 1984;
Lack 1971), when the water velocity is higher, and
the water is colder and comparatively poorer in
nutrients. Switching between centric diatoms and
green algae has been observed in larger Medi-
terranean rivers (ANDREOLI & Fricano, 1981; Cap-
BLANC & DaAuTA, 1978). It is therefore likely that
the striking absence of centric diatoms in the Ter
is caused by its short length and the moderate ba-
sd flow. At the sametime, low water speed prob-
ably favours the Chlorophycean developmert in
summer.

DEscy’s (1987) classification of European rivers
stressed the difference between the fast-flowing ri-
vers, in which pennate diatoms dominate (i.e., a
striking benthic influence) and green agae are
characteritically poorly developed (rarely exceed-
ing 1000 per ml), and the dow-moving, nutrient-
rich, large rivers where centric diatoms are domi-
nant, and in which green algae are abundant in
the summer. In thelatter riverscell densitiesreach
10,000 to 100,000 per ml, and the number of spe-
cies and the diversity are also high. In the lower
stretch of the Volga river 179 species have been
observed (Kuzmin, 1978), and more than 200 have
been observed in the Bristol Avon (Mooreg, 1976),
in the Po (AnDReoLI & Fricano, 1981) and in the
Meuse (DEescy 1987). The Ter, because its short
length, has a low species number (seventy two
taxa). Its high cdl density (reaching sometimes up
to 100,000 individuals) does not seem to fit with
either of Descy's two classes. Medium-sized Me-
diterranean rivers, such as the Ter, are able to
develop an euplanktoniccommunity, but its charac-
ter lies between those of thefast-flowing, medium-
sized rivers and the large rivers found in other
parts of Europe. It appears the richness in nu-
trients and the irregularity of flow peaks combine
to produce these unique characteristics.
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Figure 2.- SEM observations of some taxa of the Ter phytoplankton. 1. Sephanodiscus hantzschii f. tenuis, outside (x2000). 2.
Sephanodiscus hantzschii f. tenuis, inside (x2200). 3. Cyclotellameneghiniana (x2400). 4. Sephanodiscus hantzschii f. tenuis, out-
side (x4600). 5. Cyclotdla kutzingiana (x3000). 6. Melosira varians (x1900). 7. Cyclotella meneghiniana (lower) and Stephanodis-
cus rotula (upper) (x1900); note on the latter the black arrow indicating the strutted process, characteristic in this species. 8. Sce-
nedesmus armatus (about x2000). 9. Scenedesmus acutusv. globosus (about %X2000).

Observacion de algunos taxones del fitoplancton del no Ter mediante el microscopio electronico de barrido. 1. Stephanodiscus
hantzschii f.tenuis, exterior (x2000). 2. Sephanodiscus hantzschii f. tenuis, interior (x2200). 3. Cyclotella meneghiniana (x2400).
4. Sephanodkcushantzschii f. tenuis, exterior (x4600). 5. Cyclotella kutzingiana (x3000). 6. Melosira varians (x1900). 7. Cyclo-
tella meneghiniana (inferior) y Sephanodiscus rotula (superior) (x 1900); nétese en la superior laflecha negraindicando el proceso
valvar interno caracteristico en esta especie. 8. Scenedesmusarmatus (aproximadamente X2000). 9. Scenedesmusacutusv. globosus
(aproximadamente x2000).
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COMPOSICION DEL FITOPLANCTON EN UN RIO MEDITERRANEO DE TAMANO

MEDIO: EL TER

Se ha observado desarrollo de fitoplancton en segmentos remansados del rio Ter (Catalunya, NE Espafia). Las
poblaciones verdaderamente planctdnicas aparecieron restringidas a las cercanias de la desembocadura. La pre-
sencia de diatomeas céntricas fue limitada, mientras que las diatomeas benténicas fueron predominantes. Las al-
gas verdes fueron el grupo taxonoémico méas importante del fitoplancton del rio.

Las poblaciones defitoplancton del rio Ter poseen caracteristicas intermedias entre los rios de corriente rapida,
con pobre desarrollo de organismos, y los enlentecidos y con elevadas densidades de organismos. Su mediano ta-
mafio y las concentraciones elevadas de nutrientes son los principales factores causales de estas peculiares carac-

teristicas.
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