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Vertical distribution of phytoplankton in two
mesotrophic lakes

Pionowe rozmieszczenie fitoplanktonu w dwoch jeziorach mezotroficznych

ABSTRACT

In lakes Rogézno and Zaglebocze located in the L¢czna-Wtodawa Plain (E Poland), monthly
and daily changes in the vertical distribution of phytoplankton biomass were investigated. In both
lakes, phytoplankton biomass in metalimnion were two or three times higher than in epilimnion. In
Rogozno Lake, Planktothrix rubescens dominated in phytoplankton (> 80% of biomass), whereas in
Zagltebocze Lake — Ceratium hirundinella prevailed (> 90% of biomass). The biomass maxima of
Pl. rubescens (at 6 m depth —43.5 mg dm™ and at 7 m depth - 24.4 mg dm™) were always below the
lower limit of the euphotic zone, i.e. at the depth where the light was < 1%, and the water temperature
was < 10 °C. Large biomass of C. hirundinella was observed always in metalimnion (up to 43.6 mg
dm?in July) at the lower limit of the euphotic zone (transparency of Sd = 3.0 m). In August, when
transparency of Sd = 2.5 m, biomass of C. hirundinella varied significantly during the day in the
two thermal layers. In epilimnion, the largest increase of biomass was observed in daylight hours
and the decrease at night. The reverse situation was observed in metalimnion — the decline in the
daytime and the increase at night. The studies revealed that despite different mechanisms of motility
(buoyancy or flagellar movement), vertical migrations of these species corresponded mainly to the
changing light.
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STRESZCZENIE

W jeziorach Rogo6zno i Zaglebocze potozonych na Rowninie Leczynsko-Wlodawskiej (wsch.
Polska) badano zmiany biomasy fitoplanktonu w pionowym rozmieszczeniu w skali miesigczne;j
i dobowej. W obu jeziorach biomasa fitoplanktonu w metalimnionie byta dwa lub trzy razy wyzsza
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niz w epilimnionie. W jeziorze Rogézno w fitoplanktonie dominowata Planktothrix rubescens
(> 80% biomasy), natomiast w jeziorze Zaglebocze — Ceratium hirundinella (> 90% biomasy).
Maksima biomasy PI. rubescens (na 6 m—43,5 mg dm=ina 7 m—24,4 mg dm-) zawsze wystepowaly
ponizej dolnej granicy strefy eufotycznej, czyli na gtgbokosci, gdzie $wiatto bylo <1%, a temperatura
wody wynosita <10 ° C. Duza biomasa C. hirundinella wyst¢gpowata zawsze w metalimnionie
(az do 43.6 mg dm> w lipcu) przy dolnej granicy strefy eufotycznej (widziatno$¢ Sd = 3,0 m).
W sierpniu, gdy widzialno$¢ krazka Sd=2,5 m, biomasa C. hirundinella rdznita si¢ znaczaco w ciagu
doby w dwoch warstwach termicznych. W epilimnionie najwigkszy przyrost biomasy odnotowano
w ciggu dnia, a spadek w nocy. Odwrotna sytuacja miata miejsce w metalimnionie — spadek w ciagu
dnia i wzrost w nocy. Badania wykazaty, ze pomimo r6znych mechanizméw ruchliwosci (ptawnosé
lub aparat wiciowy), pionowe migracje tych gatunkoéw zwigzane byly glownie ze zmieniajacymi si¢
warunkami §wietlnymi.

Stowa Kkluczowe: jezioro glebokie, pionowe rozmieszczenie, Ceratium hirundinella,
Planktothrix rubescens

INTRODUCTION

During stratification in deep lakes, there are often differences in the abundance and species
composition of phytoplankton between epi- and metalimnion (17). Sometimes it happens that
concentration of phytoplankton is larger in the stable metalimnion than in turbulent epilimnion (3).
Many phytoplankton species are able to move between those layers (2, 4, 30). Commonly called
vertical migrations could be performed by taxa from different taxonomic groups, such as Microcystis
(Chroococcales), Volvox, Eudorina (Volvocales), Peridinium, Ceratium (Dinophyceae) (9, 16, 27).
Regular daily vertical migrations are characteristic of most flagellates. With the ability to move, they
can maintain the position at depth in the water column, which allows them to avoid exposure to low
nutrients levels, worse light conditions or high pressure of grazing (12, 28). For prokaryotic algae, it
is common to move vertically due to presence of gas vacuoles and the buoyancy control may be even
more efficient than in eukaryotic species with flagella (20, 23). An apparent difference in the number
of some cyanobacteria species between epi- and metalimnion results mainly from their different
preferences in relation to temperature and light (26). Both low temperature and low light intensity
stimulate the growth of Planktothrix rubescens in metalimnion, and greater tolerance to temperature
and light favors Planktothrix agardhii, which is more abundant in epilimnion (11, 13, 22).

The aim of the study was to determine the changes in phytoplankton biomass and in dominating
taxa (Planktothrix rubescens, Ceratium hirundinella) between the epi- and metalimnion during a
year. In the case of PL rubescens, the relationships between the biomass maxima and photosynthetic
light, and temperature were considered. Daily migration between epi- and metalimnion was also
analyzed for C. hirundinella.

MATERIAL AND METHODS

The studies were carried out in two lakes: Zaglebocze and Rogdzno, located in the Leczna-
Wiodawa Plain (Eastern Poland) (Fig. 1). The area of the lakes is 57-59 ha and the maximum depth
— 25 meters. The lakes are dimictic and mesotrophic.

Samplings were done in the deepest sites of lakes between May and August 2006 (Lake Rog6zno)
and between June and September 2000 (Lake Zaglgbocze). The studies included epilimnion and
metalimnion, respectively extending to the depth of 3—4 and 8 m. Samples for the phytoplankton
analyses were taken in both lakes, every 1 meter by the Ruttner sampler (2 dm?). Studies on diurnal
vertical changes in phytoplankton biomass were performed in Lake Zaglgbocze between June and
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Fig. 1. Location of Leczna-Wtodawa Plain (E Poland)

September. Water samples were then collected every month for two consecutive days. During the
day, samples were taken three times (at 5 a.m., 2 p.m. and 10.30 p.m.). Chlorophyll-a concentration
was determined spectrophotometrically (21). Phytoplankton abundance was determined by the
Utermohl method (31), and fresh biomass of species was evaluated by calculating the volume
in mm? (10).

Photosynthetically active radiation (PAR), Secchi disc visibility (Sd), temperature (T), oxygen
concentration (O,), pH and electrolytic conductivity (EC) were measured in situ. Measurements of
temperature and oxygen were performed at 0.5 m intervals by means of WTW Oxi probe. Light was
measured by the photometer Li-Cor meter (Li-250A) with the sensor Li-192SA. First, the light was
measured just above the water surface to determine the amount of light reaching the water (1)), and
then every 0.5 m in the water column to a depth of ca. 9 m. Electrolytic conductivity and pH were
measured in collected water during sampling with meters Elmetron C-411 and C-401 .

Statistical analysis was performed with STATISTICA 9.0.

RESULTS

Basic physical-chemical parameters of water were demonstrated in Table 1.
Between lakes those parameters did not shown significant differences. During
the whole study period in both lakes, the thermal-oxidative gradient was strong
and stable (temperature: F = 17.7-18.8, p <0.005, O,: F = 8.63-14.7, p <0.03).
Additionally, differences in water reaction values (mean pH: epi- 8.5, meta- 7.5)
occurred in Lake Zaglebocze (F = 69.3, p = 0.0002).

Mean biomass in Lake Rogozno amounted to 9.7 mg dm?, chlorophyll-a
concentration up to 26.5 pg dm?, and in Lake Zaglebocze: 15.4 mg dm=and 6.9 ug
dm?, respectively. For the whole period of stratification in both lakes, differences
in the amounts of phytoplankton between epi- and metalimnion were identified
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Table 1. Basic physical-chemical parameters of waters in the thermal layers of studied lakes.

Rogoézno Zaglebocze
E M E M
Sd (m) 3.03+0.97 2.87+0.25
T (°C) 20.1£4.0 82+33 17.7+4.2 13.9+24
0, (mg dm”) 9.1+£1.2 7.3+6.6 94+14 485+1.8
pH 85+0.2 82+0.5 82+0.2 7.6+0.1
EC (uS cm™) 334+9 351+15 207 +30 244 + 35

Sd — Secchi disc transparency, T — temperature, EC — electrolytic conductivity

(Table 2). In Lake Rogézno, the phytoplankton biomass in metalimnion was
about 3 times, and chlorophyll-a concentration 4 times higher than in epilimnion.
Similarly, in Lake Zaglebocze, both parameters were approximately two times
higher in metalimnion compared to epilimnion. In the studied lakes, the largest
metalimnetic biomass and chlorophyll-a concentration was found between June
and July for Lake Rog6zno, and between June and August for Lake Zaglgbocze
(Table 2).

In Lake Zaglebocze, the planktonic algal community was characterized
by very low species diversity. From the beginning of June to September,
dinoflagellate Ceratium hirundinella were the dominant species contributing

Table 2. The means of biomass (mg dm™) and chl-a concentration (ug dm?) in epi- (E) and
metalimnion (M) of studied lakes.

Rogoézno Zaglebocze
Biomass Chl-a Biomass Chl-a
Months

E M E M E M E M
May 5.8 11.5 14.2 35.6 - - - -
June 2.6 26.9 4.0 71.2 8.6 17.3 4.5 9.3
July 0.8 16.5 34 50.3 3.1 455 4.4 11.0
August 5.1 8.31 5.3 27.9 22.4 17.5 10.4 18.7

September - - - - 43 4.7 8.3 7.5
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even 90% of phytoplankton biomass (Fig. 2). Considering the seasonal changes
of C. hirundinella biomass in metalimnion, the highest peak, 43.6 mg dm?, in July
was noted. At the same time, there was a significant decrease in total biomass of
phytoplankton in epilimnion (Table 2).
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Fig. 2. Relative abundance of algal groups (in total biomass) in studied lakes. Explanations:
CYA - Cyanoprokaryota, CRY — Cryptophyta, DIN — Dinophyceae, CHL — Chlorophyta

High values of C. hirundinella biomass in metalimnion continued in almost
all the study periods. The range of daily variation in biomass of that species
was also much higher in meta-than in epilimnion. The exception was the month
August, when the biomass in the two thermal layers was similar and its daily
fluctuations were comparatively high (Fig. 3). In June and August, the epilimnetic
increase of biomass was observed in daylight hours and the decrease at night (Fig.
4). Converse patterns of biomass changes were observed in metalimnion — the
decline in daytime and the increase at night. Interestingly, similar pattern of C.
hirundinella biomass changes in both thermal layers was not observed in July,
despite the fact that the biomass of this species significantly varied in metalimnion.

Much greater phytoplankton diversity was in Lake Rogdzno. In epilimnion,
cryptomonads, dinoflagellates and green algae had a relatively high contribution
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Fig. 3. Range of diurnal changes in biomass of C. hirundinella in two thermal layers.
Explanations: E — epilimnion, M — metalimnion, F — value of F-test, SE — standard error, SD —
standard deviation

in the phytoplankton throughout the whole study period (Fig. 2). Among them,
Cryptomonas rostrata, Peridinium aciculiferum and Coenococcus planctonicus
were the most abundant taxa. At the beginning of stratification in May, both in
epi- and metalimnion, about 40% of phytoplankton biomass was composed of
the cyanobacterium Planktothrix rubescens. Next, between June and August,
it dominated only in metalimnion, contributing 80% of phytoplankton biomass
(Fig. 2). The highest values of Pl. rubescens biomass were recorded at the depth
of 6 m (19.06 — 43.5 mg dm?) and at the depth of 7 m (13.07 — 24.4 mg dm™)
(Fig. 5). The biomass maxima of this cyanobacterium were always observed
below the euphotic layer, i.e. at the depth where PAR intensity was < 1% (Fig. 5),
and water temperature was < 10 ° C.

DISCUSSION

Gas-vacuolate cyanobacterium Pl rubescens and dinoflagellate C. hirundi-
nella are often important components of phytoplankton in the metalimnetic waters
of deep, stratified lakes (8, 14, 19). According to classification of phytoplankton
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Fig. 4. Daily changes in biomass of C. hirundinella (expressed as deviation from the average
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Fig. 5. Biomass values of Pl rubescens and percentage values of PAR at two depths in Lake
Rogo6zno
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to functional groups (24), Pl rubescens belongs to R and C. hirundinella to L
group. Both groups comprised taxa typical of rather deep, oligo- and mesotrophic
lakes.

The abundance of Pl rubescens is strongly associated with illumination in
metalimnion and also less with low temperature, phosphate depletion and high
nitrogen loads (6). In metalimnion of Lake Rogdzno, below the euphotic layer, P/.
rubescens reached the high biomass. Good conditions for mass development of that
species in deeper water are often associated with low biomass of phytoplankton,
low light absorption and then high transparency in upper water layer (25).
This is also found in Lake Rogoézno, i.e. the low biomass of phytoplankton
(0.8-2.6 mg dm™) and the low attenuation coefficient (K, = 0.7-0.9) in epilimnion
were noted. When the light intensity is too high or too low, Pl rubescens may
migrate downward or upward of the water column (18, 32). In the studied lake,
the shift of biomass maxima between 6 and 7 m was observed which was related
to searching of optimal light, often below 1% of PAR intensity. Possibility to
carry out an intensive photosynthesis at extremely low light intensity is connected
with high amount of ficoerythrin (29). Exposure to very high light intensities
can often damage photosynthetic apparatus (5).

Dinophyte C. hirundinella occurs preferentially in lakes characterized by
stable epilimnion and low nutrients concentrations (15). In Lake Zaglebocze,
C. hirundinella was the species with the highest biomass in metalimnion. Many
studies have shown that the biomass maxima of this species are often observed
within the deeper part of the euphotic layer, where ca. 10 % of the light penetrates
into the water (7). Most of the time during the study, the metalimnion of Lake
Zaglebocze reached the depth of 5—7 m and it overlapped with the lower limit of
the euphotic zone (SD = 3 m). In August, in varying light conditions because of
the reduction of water transparency up to 2.5 m, the distribution of C. hirundinella
biomass was more homogeneous in both thermal layers. During that month, also
diurnal migrations of this species between epi- and metalimnion were observed.
Part of the C. hirundinella population migrated at noon toward the surface, and
the late afternoon and at night — toward deeper water layers (metalimnion). The
movement of this species toward the upper water layer resulted from searching
well illuminated water, while the movement toward the deeper water resulted
from searching water with higher amounts of nutrients (1, 33).

The presented studies proved that in the conditions of the permanently
sustained thermal gradient, the phytoplankton was dominated by two species:
Planktothrix rubescens and Ceratium hirundinella. Despite different mechanisms
responsible for motility (buoyancy or flagellar movement) and different time scale
(day—night, between months) of migration, a shift of position in the water column
corresponded mainly to changing light conditions.
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