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REED (PHRAGMITES AUSTRALIS (CAV.) TRIN.
EX STEUD.) GROWTH UNDER CONDITIONS
OF INCREASING EUTROPHICATION
OF LAKE MIKOLAJSKIE *

ABSTRACT: Seasonal changes of reed production indices with special consideration to
plant density, length of shoots and biomass of aboveground parts, were analysed in 1985 in the
reed-belt of Lake Mikotlajskie. In comparison with 1967, the reed-belt area, density and
biomass decreased mainly as a result of mechanical damage of shoots by filamentous algae
abundantly accumulating in the littoral of emergent plants.
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1. INTRODUCTION

Advancing lake eutrophication causes many unfavourable changes in ecosystems.
An increase of primary production as a result of mineral salts’ load, especially of
nitrogen and phopshorus, is the cause of permanently increasing changes. The water
transparency decreases and there are oxygen deficits in the hypolimnion as a result of
lack of balance between the quantity of oxygen there and the rate of using it in
- decomposition processes. An excess of mineral salts causes a strong development of
filamentous algae, phytoplankton blooms. A decrease of water transparency changes
the range of macrophyte occurrence. There are disturbances in the functioning of the
trophic net (K ajak 1979).

The eutrophic Lake Mikolajskie is a water body constantly supplied with
municipal sewage — almost 849, of annual pollution from the drainage area
(Pieczynska 1972). The inflowing pollution causes the increasing lake
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eutrophication (Pieczynska 1976, K a j a k 1978, 1979). Water transparency
decreased to about 0.5 m of Secchi disc visibility (Szczepanski 1958,
R y bak 1972, 1975). Transformation of submerged macrophytes was observed in
the lake littoral (Pieczynska ectal 1975, Ozimek and Sikorska
1976, O zim e k 1978). The number of filamentous algae increased considerably in
the zone of emergent macrophytes (Pieczynska 1976, Spodniewska
1976, K ajak 1978).

The present investigations were conducted in order to find, whether the advancing
eutrophication of Lake Mikotajskie affected Phragmites australis dominant among
helophytes.

2. AREA AND METHODS

Lake Mikolzijskie (Masurian Lakeland) has a surface area 460 ha, its littoral
being moderately covered by macrophytes (19% of lake surface); among helophytes
common reed dominates distinctly — 849 of surface overgrown by helophytes
(Kowalczewski and Wasilewski 1966).

The studies were conducted in a reed-belt near the Hydrobiological Station (Fig. 1),
where plant material was collected in 1967. The chosen part of littoral is typical of the

Fig. 1. Location of sampling site (1) in the littoral of Lake Mikotajskie

littoral of Lake Mikolajskie overgrown by reed. The reed-belts are along the forested
shore, forming bigger or smaller monocenoses of Phragmites australis, and along shores
with meadows and arable land also as monospecific patches. Only along the shoreline,
directly neighbouring with buildings of Mikotlajki town, there are no reed-belts.

In the chosen reed-belt, on an observation area, dyniamics of reed growth and
phenomena occurring during the vegetation season of 1985 were recorded. When
sampling plant material and elaborating it the same method as in 1967 was used.
Between May and October, every 10 days, a reed-belt surface area determined using a
0.25m? frame (10 repeats), was cut after estimating the density. In thus sampled
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material the following were determined: length (from the bottom), near-bottom
diameter of shoots, number of leaves on each shoot. In order to determine the
assimilation area, the length and maximal width of each leaf were measured. Samples,
after being dried to constant weight at 105°C, were weighed, obtaining thus the biomass
of aboveground plants expressed in dry weight. Leaf surface was estimated using
O nd o k’s (1968) equation and coefficient 0.57 calculated for reed in the reed-belt
examined by A. Szczepanski (Krolikowska 1971, Szajnowski 1973).

Thus obtained results were compared with data from 1967 (Szczepanski
1978, J. Krélikowska — unpublished data) or with parameters calculated accordingly.

3. RESULTS

3.1. CHARACTERISTICS OF THE REED-BELT IN 1985

With the passing time the number of normally developing reed shoots (i.e., with one
growth apex) decreased in the part of reed-belt observed during the whole vegetation
season. Of the initial number of 64 shoots- m~2 in May, only 29 survived till October
(Fig. 2). Already in June the increasing abundance of filamentous algae was observed in
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Fig. 2. Seasonal changes in the density of Phragmites australis
1 — normally developing shoots, 2 — collateral shoots, 3 — autumn buds

the reed-belt. The algae settled on tips of reed shoots under the water surface and
moved upwards as the plants grew. When they got out of the water the reed shoots
started to break, because of the weight of algae and wave action. Some plants had the
growth apices damaged as a result of rotting processes under the algae covering the
plant tips.

From the damaged nodes collateral shoots started, which at the end of July had
50% less leaves than the normally growing reed. Also the surface of these leaves was

.
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smaller. Morphometric differences between these two kinds of shoots were fading with
the passing time. At the end of September and in October, the collateral shoots were
only smaller and had a slightly smaller diameter of the bottom part. In August autumn
reed seedlings began to appear, increasing in numbers, attaining in October almost
709, of the spring number of shoots (Fig. 2).

The density of shoots in the reed-belt was the highest in spring, changing very little
between June and September. Maximal biomass of aboveground parts, assimilation
surface of leaves and their number were recorded in September (Fig. 3). Also the plants
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Fig. 3. Seasonal changes in productional indices of Phragmites australis
1 — density of plants, 2 — number of leaves, 3 — leaf area index (LAI), 4 — aboveground biomass (dry
weight), 5 — biomass of leaves (dry weight)

attained the maximum height in September. The near-bottom diameter of shoots
during the season ranged between 7.1 and 8.5 mm. The percentage of leaves in
aboveground biomass was the highest in September — 229%;,. Very few panicles were
noticed, the majority of them not developed.

3.2. CHANGES IN THE REED-BELT BETWEEN 1967 AND 1985

Great differences were observed in the seasonal density of plants in the reed-belt. In
1967, the number of shoots increased from spring, attaining the maximum in August
during the biomass maximum (Szczepanski 1978, J. Krolikowska —
unpublished data). In 1985, the highest density was recorded in May — almost 80
shoots - m ™2, then it decreased to 30— 35 plants between June and September (Fig. 4).
The density of reed shoots in 1985, in spring, was over 100% higher than in 1967, but
almost identical in October (Fig. 4).
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Fig. 4. Changes in reed density during the vegetation seasons of 1967 and 1985
1 — 1967,2 — 1985

The length of reed shoots was also different in both years. In 1967, 32.5% of reed
shoots attained the height of 201 — 250 cm, whereas in 1985, 219 of shoots were below
50 cm (Fig. 5). In 1967, up to the height of 100 cm there was 509 less shoots, whereas
there was twice as much plants 201 —300cm high. In 1985, reed shoots were less
differentiated in height, but single specimens attained a greater height — over 350 cm
(Fig. 5).

The surface area of the reed-belt examined decreased considerably. In 1967, it had
the width of 20 m with reed depth of 2 m, forming a complete stand from the land. In
1985, the reed-belt was not so wide and did not reach so deep (Table 1). Mean
production parameters for reed during the vegetation season were also lower in 1985.
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Fig. 5. Frequency distribution of Phragmites australis shoot length
1 — 1967,2 — 1985
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Table 1. Characteristics of a reed-belt in Lake Mikotajskie

Value
Index Unit
1967 * 1985
Width m 20 7
Range of depth m 0-20 04—-1.6
Distance from shoreline m 0 2.5
Average density of plants indiv.-m™? 50.9 44.5
Average number of leaves indiv.-m™~? 339 275
Aboveground biomass (dry weight) g:m™? 477 420
Leaf area index (LAI) m?-m 2 1.43 1.35
Average shoot length m 179 1,51
* Data and recalculated data from Szczepanski (1978), J. Krolikowska (unpublished data).

4. DISCUSSION

The character, seasonal variability and degree of littoral development are
significant for the functioning of the whole lake ecosystem (Pieczynska 1972).
The littoral vegetation is a natural barrier for the substances inflowing from the
drainage area to the lake. An increased nutrient load from the drainage area
(Gorski and Ry bak 1974)advancing the eutrophication of Lake Mikotajskie
(K ajak 1979) results in changes in sumberged plants (O zim ek 1978) and as
shown here — in reed, the dominant helophyte.

Smaller depth range and withdrawal of reed from land decreases considerably the
width of reed-belt. This confirms the results obtained by Rejews ki (1981) and
Szajnowski (1983) for other lakes — nowadays reed does not utilize fully the
littoral. A nderson (1976)has also observed that the littoral surface occupied by
reed has decreased.

The withdrawal of plants from the shore is probably caused both by smaller
amount of light reaching this zone (forestation) and worse conditions due to settling of
detritus and filamentous algae on young reed shoots. K16 tzli and Zist (1973)
have also observed empty areas in reed-belts due to occurrence of filamentous algae.
Similarly as in the case of Lake Mikotajskie, they have observed a decreasing over the
years density of shoots.

When taking into consideration the fact that in comparison with 1967 the biomass
of algae in Lake Mikotajskie increased significantly (Pieczynska etal 1984)
also in the littoral of emergent plants, it is obvious that young reed shoots have worse
growth conditions in the first, most important period of development.

Accumulation of algae in the littoral is largely the effect of mechanical damage
(tourism) of reed-belts, producing “clearings” in reed-belts near the shore. The waves
bring there great amounts of filamentous algae. It is quite possible that decomposing
algae may have a toxic effect on young shoots.



Reed growth and increasing eutrophication 215

Places, from which the reed withdraws, are occupied by other plant species. In the
reed-belt examined the following species began to appear between land and the reed-
belt: Nuphar luteum (L.) Sm., Potamogeton lucens L., Myriophyllum spicatum I
Sagittaria sagittifolia L. In 1967, these species were not found in a given place of the
reed-belt. M. spicatum occurred at the depth of 2 m, where the reed-belt ended, other
species were not found at all.

The greater density of shoots in spring than inautumn of 1985 confirmed the results
of Szczepanski (1978), who found that the majority of reed shoots grew out of
rhizomes in autumn. Under favourable conditions (warm, long autumn) new reed
shoots appear still in November and in spring of the following year. This is perhaps due
to the not used food pool of reed rhizomes caused by damage of reed parts during the
season as it was in 1985.

In both years the seasonal density of reed shoots was different, because in 1985, in
place of normally growing shoots, the coliateral ones appeared and thus the average
density of reed shoots was smaller. Pieczynska etal (1984) observed a similar
situation in reed-belts of Lake Mikotajskie. The growing out collateral shoots also
reduced the average height of plants in the reed-belt.

Because of the disturbed normal seasonal growth of reed-belt, mainly due to
damage of shoots by filamentous algae, the maximum reed production shifted from
August,in 1967 (Szczepanski 19781 Krolikowska — unpublished data), to
September, in 1985. The decreasing reed production indices reflect the changes in
waters of Lake Mikolajskie, which affect the reed-belt, although it is not in the zone of
direct and strong pollution impact.

With consideration to the effect of increasing lake eutrophication on the
hydrochemistry of pelagial (G 6rskiand Ryba k 1974), submerged macrophy-
tes (O zimek 1978), abundance of filamentous algae (Pieczynska 1976,

K ajak 1978),and according to the above presented results, it can be assumed that
the reed may also be one of the indices of increasing eutrophication of water bodies.

The changes in the surface area occupied by reed, its structure and production in
Lake Mikotajskie show the necessity to determine again the lake surface area occupied
by emergent helophytes. It is quite possible that the littoral covered by emergent
vegetation decreased as compared with that determined in the nineteen-fifties.

5. SUMMARY

Investigations of a reed-belt in Lake Mikotajskie were conducted in the vegetation season of 1985. The
material collected in 1967, partly elaborated by Szczepansk i (1978), allowed to grasp changes
occurring under the influence of increasing water pollution in the reed.

The reed-belt surface area decreased as well as the depth of reed occurrence (Table 1). As compared with
1967, the density of shoots, their height and production of aboveground biomass decreased (Figs.2—4). Also
the frequency distribution of reed shoots’ height changed (Fig. 5). A negative influence of filamentous algae
accumulating in the littoral on reed was observed (mechanical damage of shoots).
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6. POLISH SUMMARY

W sezonie wegetacyjnym 1985 r. przeprowadzono badania sezonowe trzcinowiska w Jeziorze
Mikotajskim. Zbierane przez autork¢ materialy w 1967 r., czeéciowo opracowane przez
Szczepanskiego (1978), pozwolily na uchwycenie zmian, jakim pod wplywem poglebiajacego si¢
zanieczyszczenia wody ulegla trzcina.

Stwierdzono zmniejszenie si¢ powierzchni trzcinowiska oraz glebokosci wystgpowania trzciny (tab. 1).
W poroéwnaniu z 1967 r. zmniejszylo si¢ zaggszczenie pedow, ich wysoko$¢ oraz produkcja biomasy
nadziemnej (rys. 2 —4). Zmianie ulegt réwniez rozklad czgstosci wystgpowania wysokosci pedow trzciny (rys.
5). Stwigrdzono negatywny wplyw glonéw nitkowatych nagromadzajacych si¢ w litoralu na trzcing
(uszkodzenia mechaniczne pedow).
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