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Abstract — In the period 1985—1986 diatom periphyton communities
growing on 15 aquatic macrophytes were harvested from 12 rivers and streams
belonging to the Delta Sub-basin. 75 species were determined, most of them
alkaliphilous and corresponding to eutrophic environments with high conductivity.
The maximum density and species richness peaks, generally took place during
spring and fall. Different species were greater in number according to the season.
The configuration of the cluster diagrams is due to the dominance of 9 species.
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1. Introduction

In Argentina, the study of diatoms associated with aquatic macro-
phytes has received little attention (Luchini 1973, 1974a). Only a few
taxonomic papers can be mentioned (Tell 1973, Luchini 1974b).
Other papers deal with diatoms as forming part of the periphyton
community (Claps 1984, Zalocar de Domitrovic et al. 1986).

In the present work, several lotic environments from the north-
-eastemm part of Buenos Aires province were sampled. Rivers and
streams from this area had not previously been studied from a biological
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point of view. The present work is part of an extensive study on
periphyton and plankton communities carried out in the area (Mo-
denutti, Claps 1983, Claps 1991).

The aim was to analyse seasonal changes in species composition
and density of diatoms growing on macrophytes from the lotic en-
vironments.

2. Study area

The study area lies in the north-east of the Buenos Aires province.
The group of lotie bodies is defined as the Delta Sub-basin, belonging
to the Rio de la Plata estuary Basin (CFl 1962).

Fourteen places were selected for the study: the rivers Lujan (two
stations), Arroyo del Medio, and Baradero; Pescado, Canada Honda, Del
Tala (two stations), Las Hermanas, Ramallo, Burgos, Luna, Giles, and
De la Cruz streams (fig. 1).

Fig. 1. Map of the studied area. Stations: 1, 2 — River Lujan; 3 — Pescado
stream; 4 — Cafiada Honda stream; 5 — River Baradero; 6, 10 — Del Tala
stream; 7 — Las Hermanas stream; 8 — Ramallo stream; 9 — River Arroyo del
Medio; 11 — Burgos stream; 12 — Luna stream; 13 — Giles stream; 14 — De la

Cruz stream
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Most of them have beds composed of ’’caliche” (CaCO concretions),
but others, such as the River Lujan present sapropelic mud as a product
of human activity. The margins of all the lotic bodies are covered by
vegetation.

The area has a humid temperate climate, and is dominated by agri-
cultural and cattle rearing activities. Human settlements are located
on the banks of the principal rivers.

3. Material and methods

Samples were taken during the four seasons: spring (September
23—25, 1985), summer (December 16—18, 1985), fall (April 9—11, 1986),
and winter (July 1—3, 1986).

For each sampling station the following parameters were registered:
water temperature, transparency by means of a Secchi disc, pH, and
conductivity (Table 1).

Duplicated samples of aquatic plants were placed in individual jars
and fixed with 5% formaline. Methods of removal by shaking and
scraping was employed (Sladeckova Pieczynska 1971).

Table I. Mean values for physico-chemical character-
istics of rivers and streams analysed

Conductivity Trans-
Stations  pH uS cm at Ilfrr: p?"@)- parency
20°C (cm)
1 7.76 1693 19 42
2 757 1667 20 28
3 7.75 823 22 24
4 7.84 1457 21 15
5 771 467 21 13
6 7.90 1090 20 15
7 7.88 627 21 26
8 8.14 840 19.5 25
9 7.85 440 21 15
10 7.76 733 21.4 24
11 7.98 643 21 45
12 8.11 773 18 28
13 8.05 763 18 32

14 8.03 637 19 25



Table Il. Alphabetical list of diatoms present in the periphyton and their
ocurrence the stations

Stations
Taxa
1 23 456 7 8 910111213 14
a bcdef ghik 1mnoop
Achnanthes brevipes Ag. + +
— deflexa Reim. + + + + + o+ + o+
— exigua Grin. +
— flexella (Kutz.) Brun +
— inflata (Kutz.) Grin. + + +
— lanceolata Breb. + + + + + + 4+ + + + + 4+ +
— minutissima Kutz. + +
— sp. + + + 4+ + LS T
Amphipleura pellucida (Kutz.) Kutz. + + + + +
Amphora coffeiformis (Ag.) Kutz. + + o+ + L R S S
— ovalis (Kutz.) Kutz. + + + + 4+ o+ + + 4+ o+ o+
— ovalis var. pediculus (Kutz.) V.H. + 4+ + 4+ + + + + 4+ o+ + 4+ o+
— perpusilla Grin. + + + + + + + + + + 4+ 7t
Anomoneis sphaerophora (Ehr.) Pfitz. + + + + + + +
Aulacosira granulate (Ehr.) Simonsen +
Bacillaria paradoxa (Mull.) Hendey + 4+ + + + + + 4+ o+ +
Caloneis ventricosa (Ehr.) Meister +
Capartograma crucicola (Grin. ex Cl)
Ross + + +
Cocconeis placentula var. euglypha
(Ehr.) CI + + + + + + + + + + o+
Cyclotella meneghiniana Kutz. + + + + 4+ o+ + + + o+
Cymbella affinis Kutz. + 4+ 4+ 4+ + + + + + t + + 4+ 4
— amphicephala Nag. + + + + + +
— cistula (Ehr.) + +
— tumida (Breb. ex Kutz.) V.H. + + + + + + o+ +
Denticula elegans Kutz. + + + + o+ + 4+ 4+ o+ o+ o+ 4 o+
Diploneis puella (Schumann) CI. +
— smithii (Breb.) CI. + + + +
Entomoneis sp +
Epithemia turgida (Ehr.) Kutz. + + +
Eunotia curvata var. curvata (Kutz.) + + + +
Lagerst.
— pectinalis (Dill.) Rabh. + 4+ o+ + + + +
Frustulia rhomboides (Ehr.) De Toni +
Gomphonema olivaceum (Lyngbye) + + + + + + + + + +
Kutz.
— parvulum (Kutz.) Grin. + + + + + + + + + o+ + 1+ o+ o+
— subclavatum (Grin.) Grin. + o+ + + + 4+ 4+ + + o+ + o+
— truncatum Ebhr. + 4+ + + 4+ + + + + + + + + +
Gyrosigma terryanum (Perag.) ClI. + +
— sp. +
Hantzschia amphioxys (Ehr.) Grin. + + + + + +
Melosira varians Ag. + 4+ + + + + + + 4+ o+ +
Meridian circulare (Grev.) Ag. +



Cont. Tab. 1l

a b cdef ghik!1!mnop
Navicula cryptocephala Kutz. + + +
— cryptocephala var. veneta (Kutz.)

Rabh. +
— cuspidata Kutz. + + + + +
— muralis Grun. + + + + o+ + + F o+ o+ + +
— radiosa Kutz. + 4+ o+ o+ o+ + + o+ + o+
Nitzschia acicular.is (Kutz.) W. Sm. + + + + + o+ + + +
— amphibia Grun. + + + + + + + + + o+ 4+ o+ +
— apiculata (Greg.) Grun. + +
— dissipata (Kutz.) Grun. + + + + + + 4+ o+ + + + o+
— filiformis (W. Sm.) Hust. + + 4+ o+ + + + + + + + +
— hungarica Grun. + + +
— lacunarum Hust. + + + + + o+ +
— linearis W. Sm. + + + + + + o+ + + + +
— palea (Kutz.) W. Sm. + + + + 4+ + 4+ + + + + + + +
— parvula Lewis + + + + + +
— sigma (Kutz.) W. Sm. ¥ b+ o+ + + + + + + + + o+ + +
— tryblionella Hantzsch. + + +
— sp. | + + + -
— sp. 2 +
Pinnularia abaujensis (Pant.) Ross + 4+ + + + o+ + + + + +
— viridis (Nitzsch) Ehr. + + + + + 4+ + + + + + o+
Pleurosira laevis (Ehr.) Simonsen + + + + + + + + +
Rhoicosphenia curvata (Kutz.) Ehr. + 4+ + + + + + + + + + + + +
Rhopalodia gibba (Ehr.) Mull. + + + + +
— operculata (Ag.) Hakansson + + + +
Stauroneis acuta Sm. +
— anceps Ehr. + + + o+ A+ o+ + + + +
Surirella angustata Kutz. +
— ovalis Breb. + + + + + + + + + +
— ovata Kutz. + + + + + + +
Synedra amphicephala Kutz. + + + + + Y 4 o+ o+ o+ + + +
— delicatissima W. Sm. + + + o+ + + +
— fasciculata (Ag.) Kutz. + + + + o+ + + + +
— ulna (Nitzsch) Ehr. + + + + + + + + + + + + +

+ + + + + 4+

Terpsinoe musica Ehr.

Prior to counting, the samples were blended at low speed for a few
seconds. Enumeration was performed in a 0.3 ml Sedgwick-Rafter
chamber under a Wild M20 microscope. Quantification, according to
Kadtubowska's method (1978), was based on the number of mi-
croscopic fields of known area, counted. At least 20 random microscopic
fields were examined per sample.

The macrophyte material was oven dried at 100°C to constant weight
and values were expressed as cell per dry weight (in g) of plant
metarial.

Qualitative samples were treated to make permanent hyrax mounts
of diatoms for taxonomic identification.
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Basic data matrices were computed in a Q-mode matrix, using the
Pearson coefficient. Cluster analysis was computed from the latter,
using the unweighed pair group method with arithmetic averages
(UPGMA) (Legendre L., P. Legendre 1983).

4. Results

Seventy-five species of Bacillariophyta were identified. From the
total number of diatoms 48% were recorded on all 4 sampling occasions.
Among these, only 8 were present at all stations (Table II).

In general, the maximum density and species richness peaks occurred
during the spring and fall, and the minimum ones in summer and
winter.

In spring most of the macrophytes showed a high density of epi-
phytic diatoms, the majority of which were on Schoenoplectus califor-
nicus at Station 2 (Table Ill). In summer and fall Ceratophyllum de-
mersum showed maximum concentration at Stations 8 and 11 respecti-
vely. In winter Hydrocotyle ranunculoides showed maximum density
at Station 13.

The minimum values were noted on emergent plants from different
lotie environments (Sagittaria sp. at Station 7 in summer; Polygonum
punctatum at Station 2 in the fall; S. californicus at Station 7 in winter),
except in spring when the minimum value was observed on Myriophyl-
lum aquaticum at Station 3 (Table I11).

The greatest species richness was observed in spring (63 spp.) and
the smallest in summer (50 spp.), different macrophytes showing the
maximum and minimum values. Potamogeton striatus showed the
largest number of species in the spring and fall at Stations 14 and 7,
respectively (30 and 31 spp.); Althernanthera philoxeroides at Station
11 in summer (23 spp.); P. punctatum at Station 3 in winter (28 spp.).
The minimum species richness was found on the following host plants:
Althernanthera philoxeroides at Station 2 in the spring and fall (4 and
11 spp., respectively); Ludwigia sp. at Station 4 in summer (3 spp.) and
H. ranunculoides at the same station in winter (3 spp.).

Different species of diatom were greater in humber according to the
season. Cymbella affinis and Gomphonema parvulum were abundant on
the four sampling occasions. Rhoicosphenia curvata and Nitzschia palea
only diminished in number in summer. Synedra ulna showed a decrease
in its fall density and Pleurosira laevis in winter. Melosira varians
presented its maximum density in spring and winter but Synedra am-
phicephala in spring and summer. Achnanthes lanceolata, Cocconeis
placentula, and Gomphonema truncatum became more important in
number in summer and the fall, but Achnanthes minutissima only at
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Station 3 in the fall and winter. It is worth mentioning that Denticula
elegans always one of the most abundant species on all the aquatic
macrophytes at Stations 8 and 11.

Cyclotella meneghiniana was found in all the sampling periods in
very reduced numbers. Another planktonic species, Aulacosira granu-
lata, was only recorded in spring at Station 5.

In the spring cluster diagram (fig. 2a) four groups were distinguished.
The first with 3 subgroups, includes the majority of the lotic environ-
ments of the sub-basin, the subgroups being defined by the dominance
of 3 species (S. ulna, G. parvulum, and D. elegans). The second group,
with M. varians as dominant species, is formed by all the macrophytes
found at Station 5 and others from different environments. The third
group is formed by two macrophytes from different lotie water bodies
that have R. curvata as their most abundant species. The fourth group
is defined by the dominance in number of P. laevis on two macrophytes
of Station 12

The summer cluster diagram (fig. 2b) is constituted by 4 assemblages:
the first one formed by those host plants in which S. amphicephala
dominates; the second with 2 subgroups, has S. ulna and D. elegans
as the most numerous diatoms; in the third assemblage G. parvulum
is the numerically dominant species and in the fourth one C. affinis.

In the fall 3 groups can be distinguished in the cluster diagram (fig.
2¢). The first one, formed by host plants from Stations 1, 2, 3, and 13
shows G. truncatum as the dominant species. The second group, formed
by the majority of the analysed environments, can be divided into 3
subgroups (one formed by all the macrophytes present at Station 4
together with others from different streams with R. curvata as the most
abundant diatom: second subgroup which includes the macrophytes
from Station 7 with G. parvulum as the dominant; and a third one
formed by those aquatic plants with P. laevis as the most numerous
species. The third group is formed by all the macrophytes of Stations
8 and 11 which have D. elegans as the most abundant species.

The winter cluster diagram (fig. 2d) shows 4 well-defined assemblages.
The first one, which includes most of the environments, has M. varians
as the most numerous species. The second is defined by the dominance
of D. elegans and the third by that of C. affinis. The fourth group, with
R. curvata as dominant, is formed by all the aquatic plants which
were found at Station 14.

5. Discussion

Most of the diatoms found were alkaliphilous and corresponded to
eutrophic environments with high conductivity (Patrick, Reimer
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Fig. 2. Cluster analysas of diatom assemblages: a — from 8 aquatic macrophytes
at 112 stations in spring (cophenetic correlation coefficient, c.c.c. = 0.87); b — from

9 aquatic macrophytes at 11 stations in summer (c.cc. = 0.74); ¢ — from 11

aquatic macrophytes at 11 stations in fall (c.cc. = 087); d — from 10 aquatic

macrophytes at 12 stations tn winter (c.cc. = 087. M — macrophytes as in
Table IllI; S — stations

1966, 1975, Lowe 1974), according to the characteristics of the analysed

bodies (Table 1).
The seasonal fluctuations in density coincided with the ones indicated

by Siver (1978). Minimum concentrations of epiphytic diatoms occurred
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coinciding with 2 hydrological phenomena unfavourable for their de-
velopment. In summer, owing to the great evaporation and lack of
rainfall, the water level was at a minimum. Under these conditions,
a reduction in the periphitic community took place (Douglas 1958).
In winter, on the contrary, the lotie enivronments had high water
levels. Some of them, as the Del Tala straem and River Baradero, even
spread over their flood-plain. The wash action by floods has already
been mentioned, among others, by Backhaus (1968), Ertl et al.
(1972), and Siver (1978). Likewise, a reduction in the complexity and
a decrease in the number of species was observed, as L.uttenton
and Rada (1986) pointed out for communities disturbed by strong
currents.

The highly abundanc presence of Melosira varians in winter, with
low temperatures and a flood period, did not coincide with Antoine
andBenson-Evans's (1986) observations. This species, considered
typical of epipelon (Hynes 1970, Britton 1977) or epilithon (An-
toine, Benson-Evans 1986), may come from these communities
by means of the combined action of currents and waves.

Besides, the summer decrease in density may be caused by predatory
action (Steinman et al. 1989). During this period, periphytic rotifers
and benthonic fauna reach their maximum concentrations (Modenut-
ti, Claps 1988, Sampdns 1988). It must be stressed that A. lan-
ceolata and C. placentula were present in great numbers. These species
proliferate under moderate to high grazing pressure conditions, whereas
others, such M. varians almost disappear (Swamikannu, Hoagland
1989, Stock, Ward 1989). In the other seasons, no great simplification
in the periphytic diatom composition was seen to assume a high pred-
atory action.

The numerical abundance of C. affinis on all the sampling occasions
may be related to its capacity to live under low light intensity and to
its efficient attachment (Cholnoky 1929). This last characteristic was
also shown by G. parvulum, abundant in all seasons. The decrease in
number of N. palea in summer was also noted by Moss (1977) in the
River Wey, England.

It is worth mentioning that C. placentula in all seasons, was abun-
dant only in those streams (Luna and Giles, Stations 12, 13) which have
marginal stands of Gleditsia triacantha L. (Fabaceae). This condition
brings about both the lower temperature and light intensity necessary
for their optimum development (Bowker, Denny 1980).

The differences in diatom density on aquatic macrophytes belonging
to the same lotic environment may be related to the position of the
host plants with respect to the current. A predominance of different
species according to their current requirements has been observed (Lut-
tenton, Rada 1986). For example, A. minutissima was important in
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number only in the Pescado stream (Station 3) which has a low water
level and almost no current. These conditions do not alter its weak
mechanisms of attachment (Siver 1978).

The configuration of the cluster diagrams is due to the dominance
of nine species: Cymbella affinis, Denticula elegans, Gomphonema par-
vulum, G. truncatum, Melosira varians, Pleurosira laevis, Rhoicosphenia
curvata, Synedra amphicephala, and S. ulna. The dominant species
constitute the vertical erect layers (adnates and erect-stalked) of the
periphytic structure (Hoagland et al. 1982). They represent a later
stage of community development (Patrick 1976).

In general, assemblages defined by the host plant or among macro-
phytes of the same lotie environment were not produced. Bl indow
(1987) suggested that each diatom shows a different individual response
with respect to its macrophyte colonization.

Besides, diatoms did not demonstrate an explicit preference for a
special host plant, although minimum densities were recorded on emer-
gent plants. This lack of specificity is in agreement with the results
obtained by Eminson and Moss (1980) for lentic eutrophic environ-
ments.

The absence of defined groups with respect to the analysed envi-
ronments and host plants was due to the fact that various factors
(light, temperature, current, grazing), whose contribution is difficult
to estimate, affect the colonization and establishment of the diatoms
on each host plant.

6. Polish summary

Zbiorowiska okrzemek na wodnych makrofitach
$rodowisk lotycznych pampaséw (Argentyna)

W okresie 1985—1986 pobierano proby okrzemek zwigzanych z 15 gatunkami
wodnych makrofitéw (tabela 1I1) z 12 rzek i strumieni péinocno-wschodniej prowin-
cji Buenos Aires (dorzecze Riode la Plata) (ryc. 1). Proby pobierano w czasie czterech
sezondw. Na kazdym stanowisku mierzono temperature, przezroczysto$¢, pH i prze-
wodnictwo (tabela I).

Oznaczono 75 gatunkdéw Bacillariophyta (tabela 11). Wiekszo$¢ z nich byta
zasadolubna i wystepowata w eutroficznych $rodowiskach z wysokim przewodni-
ctwem. Rozne gatunki byly liczniejsze w zaleznosci od sezonu. Maksimum za-
geszczenia i szczyty obfitosci gatunkéw mialy miejsce na wiosne i w jesieni.
Mniejsza liczbe osobnikéw obserwowano na roslinach wynurzonych.

Konfiguracja wykresu kepkowego (ryc. 2) jest spowodowana dominacjg 9 ga-
tunkéw. Ogdlnie, wsrod Srodowisk jak i wsréd makrofitbw nie mozna wyo-
drebni¢ wyraznych grup. Wiele czynnikoéw, takich jak poziom wody, prad i spasanie,
wpltywato na zbiorowiska okrzemek i przyczyniato sie do zaobserwowanych roéznic.
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