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short communication

Expansion of water chestnut in a small dam reservoir:
from pioneering colony to dense floating mat

Abstract

Background and Purpose: This manuscript reports on the rapid spread
of water chestnut in a shallow dam reservoir. The water chestnut is a criti-

cally endangered plant in Poland.

Materials and Methods: From 2008 to 2016 during the vegetation
season we investigated the distribution of water chestnut in the Rzeszdw dam
reservoir.

Results: The colony has grown from sparse individual plants which
probably appeared around 2005, ro a dense floating mat of plants with the
total area of over 14 ha today. Recently water chestnut has also appeared in
all shallow parts of the reservoir with weak water flow.

Conclusions: Taking into consideration the dynamic expansion of the
water chestnut, it can be assumed that in the near future this species may
control many parts of the Rzeszow reservoir, while in others it can be dis-
placed by reeds. It is highly probable then that the total area of water chest-

nut patches will decrease, rather than increase.

INTRODUCTION
he Rzeszéw reservoir (50°00°50”N; 021°59°59”E) was created by

construction of a dam on the Wistok river in 1974 for a drinking
water reservoir for the City of Rzeszéw located within the city. Recre-
ational use of the reservoir was also envisaged. Initially, it was quite large
at 68.2 ha holding 1.8 million m? of water. However, sediments carried
by the river accumulated and made the reservoir shallower. Nowadays,
the average depth is ~0.6 m, the area ~40 ha, and the capacity -0.6
million m?, ~35% of the initial capacity. Numerous islands and a num-
ber of shallow branches and bays have been created (2).

The change in the character of the reservoir has led to the creation of
a range of habitats for plants and animals not previously found there.
The islands and shores of the reservoir are overgrown with willows and
reeds (2). Among the open-water plants in the reservoir habitat, the
water chestnut (7rapa natans) has recently appeared, with first informa-
tion on this species in 2007 (1).

The water chestnut (family Lythraceae) is native to the warm temper-
ate zones of Eurasia and Africa. It is also found in North America, but
is an alien species there (3, 4). In Poland, water chestnut were once found
widely, but nowadays are very rare and critically endangered. At present,
only a very few colonies of the water chestnut can be found in southern
Poland (5, 6). The water chestnut is an aquatic annual plant. It anchors
to the bed of the reservoir using the roots and shell of the nut from which
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Figure 1. Maps of the distribution of water chestnut patches, the background showing the original extent of the Rzeszdw reservoir. shore wetland
vegetation — willows and/or reeds (green polygons); water chestnut patches: >1 000 m? (red polygons), <1 000 m? (red circles), the area occupied

in 2007 (yellow ellipse).

it sprouts. On top of the stem, which is 1.5 m long, there
is a rosette of leathery floating leaves. The rosette reaches
a diameter of up to 30 cm (4). In Poland the water chest-
nut blooms from May to July (7). The fruits of the water
chestnut are formed under water. These are large edible
nuts reaching 2-4 cm in width. The ripe fruits are released
following decomposition of the pedicles, and sink rapidly
to the bottom where they overwinter in the sediments (8).
The optimal habitats for this thermophilous plant are eu-
trophic reservoirs with neutral or slightly alkaline water
pH, and which are 120 cm to 200 cm deep, with a soft
muddy bed (4, 6, 9). We assessed the rate of water chest-
nut spread and its potential for further expansion in the
reservoir. We assumed that only the shallow silted part of
Rzeszéw reservoir was suitable for the water chestnut, and
hypothesized that the expansion of this species can be
stopped by a greater depth, a stronger water current or
competition from other plant species.

MATERIAL AND METHODS

From 2008 to 2016 during the vegetation season we
investigated the distribution of water chestnut in the Rz-
eszéw dam reservoir. In each year of our study, we ana-
lyzed field data and made visual delineation of orthorecti-
fied images (using ArcGIS.10). In 2008 the research team
first searched across the reservoir waters and edges for
water chestnut plants. In the following years, data on the
occurrence of water chestnut was updated, based mainly
on observations made from the reservoir shoreline (recog-
nizing some landmarks for delineating water chestnut
distribution). In 2014 the distribution of water chestnut
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plants was also evaluated from a boat. During field survey
by boat, patches of the water chestnut were localised with
the use of a GPS receiver. At the same time, fresh high-
resolution aerial imagery of the Rzeszéw reservoir (www.
geoportal.pl) was analyzed to estimate and map the cover-
age area of water chestnut patches and the extent of silting
in the reservoir. The physical-chemical water parameters
were measured using water quality meter HQ40D (Hach-
Lange, Germany), multiparameter sonde 6600 V2-4 (YSI
Incorporated, USA) and LF300 photometer (Slandi, Po-
land).

RESULTS

The first individual plants probably arrived in the Rz-
eszéw reservoir in 2005. In 2007 there was only one patch
of water chestnut of ~1000 m? in area in the central part
of the reservoir. In the survey by boat in 2008 we addi-
tionally found single rosettes and small groups in different
parts of the reservoir, with a total area of ~1.7 ha. In 2010
there were 4 large patches of plants with a total area of ~4
ha, accounting for ~10% of the present surface area of the
reservoir. In 2012 chestnut covered an area of ~5.5 ha. We
also recorded over a dozen smaller patches. In 2014, the
water chestnut area had increased significantly to a total
area of over 14 ha, with the plant occupying most of the
shallow places in the reservoir. In 2016 the water chestnut
occupied ~35% of the actual surface of Rzeszéw dam
reservoir (Figure 1). The total area of the patches was over
14 ha (Figure 2). In the part of reservoir closer to the dam,
new patches had appeared, and at the same time some
patches in the upper and middle parts of the reservoir had
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decreased in area. In the more shallow sections of the
reservoir, the water chestnut had been displaced by reeds.
In 2011 during the vegetation season, the measured mean
concentration of nutrients in the waters was quite large
(nitrite 0.1 mg L, nitrate 0.04 mg L', ammonium ions
0.3 mg L, phosphates 0.3 mg L') and pH was slightly
alkaline. The average water temperature was 17.3°C, but
the water had been intensively warmed during the sum-
mer, reaching up to 28°C in the surface layers.

DISCUSSION

Creation of a dam reservoir on a river is usually ac-
companied by the appearance of new species of plants
suiting the new habitats that have formed. Such a situa-
tion happened, for example, in the reservoir on the Dan-
ube river within the territory of Slovakia. There, among
others, the water chestnut appeared because it had found
a favorable habitat in the system of muddy branches and
oxbow lakes (70). We were unable to determine where the
T. natans in Rzeszéw reservoir had originated from. A
pioneering colony was clearly visible in the central part of
the reservoir in 2007. Piérecki (11) mentioned two nearby
stands of water chestnut, which later disappeared in the
mid-20¢h century, in the towns of Brzdza Stadnicka and
Dabréwki in the Wistok valley, ~30 km from the Rzeszéw
reservoir. It is possible that the water chestnut populations
were preserved somewhere in the Wistok river valley, and
could have been the source from which the species has
spread. However, we have not been able to confirm any
information about attempts at introducing the species,
transfer of water chestnut seeds by human seeming more
probable (7). In the Rzeszéw reservoir, the water chestnut
mostly grows in places where a lot of muddy sediments
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Figure 2. Total area of water chestnut patches in Rzeszéw reservoir.
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have accumulated, mainly in the central and lower parts
of the reservoir. The physiochemical parameters of the
water in the Rzeszéw reservoir appear to be favorable to
the water chestnut (Figure 1). Similar values of physico-
chemical parameters of waters were reported from re-
search conducted between 2009 and 2011 (12).

The water chestnut is characterized by a dynamic
population density. Under favorable conditions it be-
comes an expansive plant, quickly dominating in suitable
habitats, suppressing the development of submerged mac-
rophytes through shading by the foliage (4, 9). The species
appears to be able to develop and maintain a population
of extremely high density (73). One stem can form many
branches, each ending in a rosette of floating leaves. One
rosette usually produces from 10 to 15 or even 20 seeds
(14). Rapid early growth in spring each year, from nuts
overwintering in the sediments, allows early pre-emption
of the water surface (13). In the Rzeszéw reservoir in 2010
the total area of rosette floating leaves was about 4.0 ha,
while in 2016 the total area of the larger patches increased
over three times to 14 ha.

If environmental conditions are favorable to the water
chestnut, the rosettes of floating leaves can gradually
cover the whole surface of the reservoir (3). The great suc-
cess of 7. natans at colonizing and monopolizing an
aquatic habitat is also a function of its highly productive
clonal growth response to low-density conditions (13).
The dense mats create shade, limiting the photosynthesis
of submerged plants (9, 14). Water below the cover of the
rosettes then has less dissolved oxygen, and can often fall
below 2.5 mg L! (15). Additionally, in each autumn, dead
T’ natans plants drop to the bottom, supplying a large
amount of detritus. This causes faster eutrophication of
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the reservoir and oxygen is consumed for the decomposi-
tion of plant remains (4, 9). It can also accelerate further
shallowing in the Rzeszéw reservoir.

Taking into consideration the dynamic expansion of
the water chestnut, it can be assumed that in the near
future this species may control many parts of the Rzeszéw
reservoir, while in others it can be displaced by reeds.
Only a few areas with a weak flow of water and shallow
depth corresponding to water chestnut requirements re-
main. Perhaps the current surface area is maximal.

'The situation that we have been observing for a decade
in this dam reservoir shows that the water chestnut can
control a very large area of the water reservoir in a rela-
tively short time. It is also an interesting example of a dam
reservoir, which in a natural way was transformed into an
ecologically valuable wetland. For this reason, the Rz-
eszéw reservoir is a refuge for many species of marsh and
water birds, including endangered species (76), and the
patches of water chestnut can be both a feeding ground
and a breeding place for them (77). Musk-rats (Ondatra
gibethicus) and European beaver (Castor fiber) are also
found in this reservoir. Both these species can use the
water chestnut as food, and may also contribute to spread-
ing of water chestnut (4). Contrary to natural eutrophic
water bodies, the Rzeszéw reservoir is disappearing very
quickly. Due to the nature of the catchment area (hilly
agricultural land), it receives considerable amounts of
sediment each year (18). We expect the water level to de-
crease over the next years and so limit the area of habitat
suitable for the water chestnut. It is highly probable then
that the total area of water chestnut patches will decrease,
rather than increase. Although water chestnut is a threat-
ened species in Poland, it is difficult to propose any rec-
ommendations for future management that could lead to
its protection, because the main function of the Rzeszéw
reservoir is related to the drinking water intake.
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