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Abstract

The phytoseston of the Warta, a polluted eutropkér in western Poland, was studied from
spring to autumn 2003. The focus of the study wasteophic picoplankton (APP). APP
abundance fluctuated from 1.3%16 1.05x168cells L'* and was characterized by a maximum in
late July. APP biomass was low, ranging from 0.51%7 ug C L. Both cyanobacteria and
eukaryotic organisms were found within the picogtan. The picocyanobacterial community
was often dominated by colonial forms, mosMighanocapsapp. and Cyanogranis ferruginea
(Wawrik) Hindak. Eukaryotic picoplankton includedhlarophytes of the gener&hlorella,
Choricystis and Pseudodictyosphaerium jurisiHindak) Hindak Among the phytoplankton
larger than 2um, the most abundant species were diatoms and ogiigtes, except in late
August, when filamentous cyanobacteria dominatekde Tontribution of APP to the total
phytoplankton biomass was usually below 1%, andrkean (0.6%) was close to the lower limit
of values found in lakes.

* Results of this paper were presented on"amgernational Symposium “Use of Algae
for Monitoring Rivers” Cracow, 2-6 September 20B8Jand.



62 Elzbieta Szelg-Wasielewska

INTRODUCTION

Since the popularization of epifluorescent micrgscan the 1980s, the
smallest phototrophic organisms, termed autotrogheoplankton (APP) or
picophytoplankton, have been studied frequentlyemperate lakes (Stockner
and Antia 1986, Hawley and Whitton 1991a, Weiss83]1%5tockneret al.
2000). In contrast, very little information is aladile about APP in rivers,
including those in Poland (Marshall and Affronti9®9 Gotdynet al 1999).
Primarily due to methodological difficulties, tlesmall-sized organisms have
long been either ignored or treated as bacteriébarnor detritus.

The objective of this study was to analyze the itatale and quantitative
structure of phytoplankton, with a particular foars APP in a typical lowland
river in Poland- the Warta River. Its phytoplankton has been stuébe about
80 years, but the picoplankton fraction has benaried to date.

Fig. 1. Location of the sampling station

MATERIAL AND METHODS

Water samples were collected with a 5-L water samipbm the current, 0.2
m below the water surface, ten times between Maly @ctober 2003, at one
sampling site in the middle section of the WartaeRi(Wielkopolska Lake
District, Pozné& Water-Gap) (Fig. 1).
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The samples for analysis of picoplankton were presk with buffered
glutaraldehyde to a final concentration of 1%, auith Lugol’'s solution for the
remaining size fractions of phytoplankton. In thabdratory, #5 mL
subsamples were filtered through Nuclepore blatéré with a diameter of 25
mm and a pore size of Oim at low vacuum pressure. Picoplanktonic cells
were countedon the basis of the autofluorescence of their phyotihetic
pigments at a magnification of 1500x under an epittscence microscope
(BX-60 Olympus, purchased by the Foundation forighoScience within the
SUBIN Program). A mercury lamp and standard filsets were applied to
generate blue and green excitation light (MaclsaatStockner 1993). Samples
for the study of phytoplanktonic organisms lardert 2um were analyzed with
an inverted microscope (MOD-2, PZO) after sedimioian settling chambers
9 mL in volume (magnifications: 40, 150, and 8ROAPP abundance was
expressed as cell numbers per 1 L of water. Célimve was calculated on the
basis of the shape, dimensions, and number. Thainadss was expressed as
wet weight, assuming that the volume of in*® was equivalent to ug. The
conversion factors used for carbon estimation coméol to those of
Sondergaard (1991): 220 fg @n for picoeukaryotes, 250 fg @m™ for
picocyanobacteria and carbon : chlorophyll raticc22

Chlorophyll a concentrations were determined spectrophotoméyritam
0.5 L samples filtered through Whatman GF/F gléser ffilters. Pigments were
extracted with 90% acetone during 24 hours in #mi dt 4°C. The calculations
were carried out using Lorenzen’s formula (196)sg&nded solids (seston)
were weighed after condensation on GF/F filters @med at 105°C. Statistical
analyses were done with STATISTICA 5.5 software.

STUDY AREA

The Warta River, the major right-side tributarytbé Order River, drains
54.5x10 km? of the Wielkopolska region (midwestern Poland.léingth is 808
km and the mean discharge at its mouth is 23§*mit can be divided into
several hydromorphologically and ecologically difflet segments but the
present study was restricted to the Pazsagment of the river. The river
channel has been regulated within the borderseotitly of PoznA. Above and
below the city, the valley is covered chiefly by adtand. In the suburbs,
wedges composed of grassland and woodland separifitelp areas from the
river (Kondracki 1998).

In the upper course, the Warta River flows throtlghman-made reservoir
Jeziorsko (created in 1986), with an area of 42 &mil volume of 203 million
m’. This reservoir is eutrophic and rich in planktwirganisms (Szyper and
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Bilinska 2003). The Warta River is exposed to humarnvites such as

agriculture and urban and industrial activity, sbogphorus and nitrogen
concentrations are high indicating the river's ephic state. The river waters
within the city of Poznaare very fertile (mean total phosphorus — 0.178538.

mg P L, mean total nitrogen — 3.39+1.49 mg N)Land carry large amounts
of phytoplankton (mean chlorophydi — 20.6 ug L™). Among the cations,
calcium and sodium prevail over magnesium and poatas and among the
anions - bicarbonates (Bek et al.2001).

120
100 - ME-APP
80 | OcC-Pcy
" Os-Pey
0 60
]
o
o 40 -
-
20
0 | B
[*2] o
o —
© N
N N

Sampling date

Fig. 2. Abundance of autotrophic picoplankton (APP) groups: single-celled
picocyanobacteria  (S-Pcy), colonial picocyanobacteria C-Pcy), and
picoeukaryotes (E-APP) in the Warta River in 2003.
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Fig. 3. Biomass of autotrophic picoplankton (APP) groups: single-celled
picocyanobacteria (S-Pcy), colonial picocyanobacteria C-Pcy), and eukaryotes
(E-APP) in the Warta River in 2003.
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RESULTS

The abundance of APP varied from 1.3%1® 1.05x16cells L™* (mean
3.6x10cells L") and biomass from 0.5 to 19ty C L™ (mean 8.6ig C L),
with maximum values in late July (Fig. 2, 3). Traig of total maximum to
minimum abundance was 81 and the ratio of maximumihimum biomass,
only 39. Total APP abundance was positively andiSaantly correlated with
water temperature (r=0.69).

Throughout the study period, prokaryotic ARR,, cyanobacteria, were
more numerous than eukaryotic APP (Fig. 2). The rmeaundance of
picocyanobacteria was 3.1Xtélls L™ and its contribution to the total
abundance of the APP community varied from 57 t869fmean 80%).
Picocyanobacteria included single-celled speciethefgenusSynechococcus
and colony-forming species of the genekphanocapsaand Cyanogranis
Within the last genusC. ferruginea(Wawrik) Hindak was identified. This
species formed small colonies with spherical, digngacked cells and often
with ferric precipitates near the cells. Colonyrfiing picocyanobacterial cells
often dominated during the study period. Their dbaotion to the total
abundance of picocyanobacteria varied between d9&#0 (mean 57%). The
biomass of picocyanobacteria was the highest iy dndl early August, and the
lowest in October, when the water temperature viaas @ 8°C (Fig. 3, 4).
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Fig. 4. Seston (S, mg L'l), chlorophyll a (Chl-a, pg L™ L), and water
temperature (T, °C) in the Warta River in 2003.
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The abundance of picoeukaryotes fluctuated betwde?x1G and
1.8x10cells L (mean 4.7x1%ells L'"). Picoeukaryotes usually accounted for
a small proportion of the total APP abundance (B48&ean 15%) and were
dominated byPseudodictyosphaerium jurisiHowever, the cells of this species
often exceeded pm in diameter, and were thus classified as nan&man
Picoeukaryotes also included cells Ghlorella and Choricystis spp. The
biomass of picoeukaryotes varied from 0.4 to 18& L™ During half of the
sampling sessions it was higher than the biomasgiaaicyanobacteria. The
contribution of eukaryotes to the APP biomass comityuanged from 12 to
80% and was 52% on average.

Table 1

Major taxa in the phytoplankton and contribution of the APP size fraction to total
chlorophyll a in the Warta River

Date The most important taxa larger thap® in relation to their | Contribution of APP (%
2003 abundance (values in cells®10" are given in brackets) to total chlorophylia
25.05.| Stephanodiscuspp. (42.6), 0.27
Cyclotella meneghiniang6.3),
Pseudodictyosphaerium jurigb.7)
6.06. | Coelastrum microporur(28.0), 0.43
Pseudodictyosphaerium jurigh.7),
Stephanodiscuspp. (11.2)

25.06.| Coelastrum microporur(B3.3), 0.73
Pseudodictyosphaerium jurigi22.8),
Stephanodiscuspp. (10.2)

5.07. | Coelastrum microporur(il2.8), 0.56
Cyclotella meneghiniangl1.5),
Scenedesmuspp. (8.9)

23.07.| Stephanodiscuspp. (14.6), 1.21
Coelastrunspp. (8.1),
Scenedesmuspp. (6.6)
7.08. | Stephanodiscuspp. (87.6), 0.40
Pseudodictyosphaerium jurigil0.5),
Scenedesmuspp. (9.5)

22.08.| Aphanizomenon flos-aqu#@7.5), 0.15
Microcystis aeruginosé32.2),
Stephanodiscuspp. (7.4)
6.09. | Scenedesmuspp. (4.7), 0.45
Stephanodiscuspp. (3.4),
Microcystis aeruginosé2.0)
26.09.| Pseudodictyosphaerium jurigi.2), 1.22
Rhodomonas lacustr{.2),
Cyclotellaspp. (1.9)
22.10.| Cyclotellaspp. (0.22), 0.88
Rhodomonas lacustr{§.23),
Stephanodiscuspp. (0.20)
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The dry weight of seston varied from 5 to 40 mg (mean 24.7 mg 1),
while chlorophylla concentration ranged from 2.5 to 16§ L™ (mean 78ug
L™ (Fig 4). The highest values of chlorophgliconcentration were noted in
June and August (>100g L™); the ratio of maximum to minimum value was
36. Until August 1 mg of seston contained 3.04g6of chlorophylla, but later
its content decreased to aboyid, and during the last two sampling sessions it
was below 1ug.

The seasonal contribution of APP biomass to totgftgplankton biomass
expressed as chlorophgiconcentration, ranged from 0.15% to 1.22%. In most
cases it was below 1%, increasing to 1.2% onhaia July and late September
(Tab. 1). The correlation between APP biomass &iwaphyll a concentration
was positive but insignificant. The contribution APP to total phytoplankton
was also insignificantly but negatively correlatasith chlorophyll a
concentration.

The study revealed a seasonal variation in spec@sposition of
phytoplankton. Cyanobacteria were sometimes doriinasut usually
chlorophytes and diatoms were the most abundamttobis were abundant
throughout the study period, and centric forms h&d genereCyclotella and
Stephanodiscug/ere the most numerous among them. Chlorophytes vieh
in species, especially the ordéhlorococcalesincludingScenedesmuissp. and
Tetraédronssp In late August, the phytoplankton was dominatedabyixture
of colony-forming cyanobacteria of the gendterocystisand Aphanizomenon
(Tab. 1). The filamentous colonies Aphanizomengnforming sickle-shaped
clusters (each composed of about a dozen filameotdl even be seen with
the naked eye and caused water blooms.

DISCUSSION

Studies of the smallest phototrophic organisms friver waters are rare in
Europe in comparison with investigations of the AffPlakes. Rivers with
slow-moving currents, like the Warta in its midgiert, are comparable with
lakes with short water residence times. APP dewveéspi can occur in such
rivers, or in rivers with managed flow regimes. Tdwgrent authors found that
in the Warta, the mean APP abundance was low (8/6slls L") and only
once exceeded i6ells per liter. A similar value was recorded ie thaters of
the Cybina River above a cascade of small reserGiotdynet al. 1999). By
contrast, Marshall and Affronti (1992) noted ma@PP growth and mean
densities of about £0to 1Ccells L in the lower James, York, and
Rappahannock Rivers. In the riverine zone of theiSd&eservoir (southeastern
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U.S.), the total APP density was also higher ateamof 4.7x1%ells L
(Rhew and Ochs 2000). APP density in the Warta RRige in many lakes,
declines with seasonal declines in water tempegafBick and Agbeti 1991,
Weisse 1993).

During the study period, the total cells densité®\PP ranged within two
orders of magnitude. A similar range of densityiation was observed in lakes.
For instance, Hawley and Whitton (1991b) reportechsanges for most of the
lakes studied in the English Lake District. Moreig\as in these lakes, peaks of
chlorophylla concentration and APP density were recorded in\fheta in mid
to late summer. The ratio of maximum to minimum A&#indance was also
within the range reported by these authors, althdugvas close to the lower
limit. In contrast, the ratio of maximum to minimurohlorophyll a
concentration was many times higher than in theda&f the English Lake
District; this attests to the higher variation ivers in this respect.

Both cyanobacteria and eukaryotes were found witténpicoplankton in
the Warta River. Cyanobacteria always dominatetgims of APP abundance
but chlorophytes often dominated in terms of AP&ass. This is due to the
fact that eukaryotic picoplanktonic cells were tig larger than
picocyanobacteria, which has also been noted by raathors who study lakes
(Pick and Agbeti 1991, Fahnenstit al. 1991, Sondergaard 1991, Hepperle
and Krienitz 2001). In the Warta River, picocyanttesal cells occurred
primarily as colonies (on the average 57%), mostlyAphanocapsapp. and
Cyanogranis ferrugineaColonial picocyanobacteria are also common inyman
lakes, particularly in the summer and autumn whertrients are limited
(Stockner and Shortreed 1991, Stocketeal. 2000, Passoni and Callieri 2000,
Schallenberg and Burns 2001). However, relativétielis known about the
occurrence and distribution of these coloniesvars. It can be assumed that in
rivers the anti-predator mechanism will be lessartgmt because of the smaller
amount of consumers in these habitats. APP surawdldevelopment in rivers
are probably more strongly affected by the turbcdeand turbidity of river
water. In a turbid and turbulent system, it is ligiccess, not nutrients, that is
the major factor limiting algal growth. However, ritust be emphasized that
APP requires less light than larger phytoplankidfeisse 1993, Sime-Ngando
1995, Gervaiet al.1997).

Eukaryotic picoplankton of the Warta River includeldorophytes of the
generaChlorella, Choricystisand Pseudodictyosphaerium jurisilhese taxa
are common in various freshwater habitats: ponalked (of varied trophic
levels), and rivers. The last species mentionedngisymous with
Dactylosphaerium jurisiiHindak), which was the most numerous of the
picochlorophytes in the Warta, has also been rechrdor example, in
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channels, fish-ponds, the Danube River, floodederpits, and oligotrophic to
eutrophic lakes (Hindak 1997, 1984, Padisélal 1997, Krienitzet al. 1999,
Hepperle and Krienitz 2001). Its occurrence in Warta may result from its
transport from lakes (by tributaries of the river)from the reservoir located in
the upper section of the river.

Among phytoplankton larger thani#n, the most abundant species in the
Warta were diatoms, especially centric ones. Diatdrave frequently been
reported to dominate in phytoplankton communitiesrivers (Holmes and
Whitton 1981). Phytoplankton biomass is generaily highest in spring and
summer, following which other groups of algae bee@hundant. In the Warta,
filamentous cyanobacteria formed a dense waternbloo August, whereas
chlorophytes were numerous during nearly all samgpBessions. Within the
last group,Scenedesmuand Coelastrumspp. were the most numerousit in
several English riverdnkistrodesmuandChlamydomonasvere also the most
common genera (Happey-Wood 1988).

In the studied river, the contribution of APP taettotal phytoplankton
biomass was very low and the mean (0.63%) was c¢mdbe lower limit of
values found in the literature (Stockner 1991).sTisi consistent with reports
indicating that the relative contribution of APPttdal phytoplankton biomass
is the lowest when the trophic state is high (Hgwdad Whitton 1991b).
Moreover, the low APP density and biomass suggkat picoplanktonic
autotrophic communities do not find suitable codi$ for development in
heavily polluted aquatic habitats, like the Waikhis may be associated with
the sensitivity of APP to eutrophication and coriteant enrichment, especially
to heavy metal contamination (Severnal. 1989, Weisse 1991, Weisse and
Mindl 2002).

CONCLUSIONS

The results of 10 seasonal sampling sessions i8,200ich were used to
analyze the phytoplankton communities of the W&ieer, showed that the
contributions of the smallest phototrophic orgamssifAPP) to the total
chlorophyll a concentration were low. However, since the amoddata on
this subject is still insufficient, these investigas will be continued, including
the analysis of the transport of APP from otheritadgd and the possibility of
APP development in the river.
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