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$bstract. The study was conducted in the growing seasons of 2011–2013 and involved 10 oxbow lakes located in the vicinity of 

(212 species) compared with the ponds (131 species). Their flora has a more natural character, which is manifested in a higher pro-
portion of native species, including non-synanthropic spontaneophytes (45.3%) as well as some legally protected species. In the ar-
tificial reservoirs, non-native species represented 12.2% of the total number of species, in natural reservoirs – only 8.5%. The main 
differences in the spectrum of life forms were manifested in a higher relative abundance of phanerophytes in the vegetation of the 
oxbow lakes (10.8%), and a higher abundance of hydrophytes along with helophytes (17.6%), therophytes (18.3%), and geophytes 
(16.3%) in the ponds. The flora of the oxbow lakes was represented by species belonging to 20 phytosociological classes, while the 
flora of the ponds – 14 classes. Molinio-Arrhenatheretea and Phragmitetea australis accounted for the highest relative species abun-
dance in both types of water bodies. Oxbow lakes are characterized by a much greater proportion of species from Querco-Fagetea, 
almost exclusively non-synanthropic spontaneophytes. Management practices associated with the maintenance of the ponds translate 
into a higher proportion of ruderal species, by nearly 6%. As a result, taxa from Artemisietea vulgaris were more numerous in the 
ponds. Edificators from Lemnetea minoris and Potametea were also abundant there. The differences in the analysed flora, resulting 
primarily from different origins of the reservoirs and their surroundings (mainly forests in the case of the oxbow lakes and meadows 
around the ponds), was confirmed by statistical analysis and synanthropization indices. Despite their different origin and management 
methods, both types of reservoirs are valuable refuges for native flora and are characterized by high and similar values of floristic 
diversity indices. While the oxbow lakes are protected from degradation as protected habitats, the existence and condition of vegeta-
tion in fishponds are entirely dependent on the economic regime of fish farms.

Ke\ ZorGs� aquatic ecosystems, vascular flora, anthropogenic changes of vegetation, indices of synanthropization, species diver-
sity, valuation of ecosystems.

1. ,ntroGuction

Oxbow lakes are old riverbeds, cut off as a result of a river 
carving out a new course, and they usually have a semi-
circular shape. These are eutrophic reservoirs, usually with 
stagnant water. Their supply of water is determined by the 
river and groundwater level, and a lowering of the water 
table often results in drying and vegetation encroachment. 

Management of river valleys by straightening their me-
andering riverbeds, construction of reservoirs, drainage of 
wetlands, and building of levees makes the oxbow lakes 
threatened and endangered components of the landscape of 

they are under legal protection in accordance with Annex 
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Both oxbow lakes and ponds – despite their anthropo-
genic origin – play an important role in the diversity of 
the natural environment for many plant species, includ-

1995). These small water bodies also act as ecological 
traps for contaminants migrating within the landscape and 

The role of oxbow lakes, representing different stages 
of vegetation encroachment and characterized by hugely 
dynamic vegetation has been emphasized by many au-
thors. In Europe, the Drava oxbow lakes in Hungary (Ba-

are among the most thoroughly studied lakes in terms of 

of the Warta oxbow lakes was studied, among others, by 

-

Bug River – by Tomaszewicz (1969), as well as Dawidek 

subject of research conducted in the Czech Republic (He-

2013). The specificity of fishponds in central Poland was 
presented by Podbielkowski (1968), and in the South Pod-

(2001, 2004). In southern Greater Poland (Wielkopolska 

In Lower Silesia, the vegetation of fishponds was re-

are no published data on the flora of oxbow lakes and ponds 

was the inspiration for the present research.
The main objectives of this work are: 

– to present the diversity of flora in oxbow lakes of the 

fishponds located in the valley of the Bydgoszcz Canal 

– to determine the role of the studied reservoirs in the 
preservation of floristic diversity.
It was assumed that the origin of water bodies and 

consequently the specifics of habitats, and the varied in-
tensity of human impact on two comparable study objects 
would be reflected in their flora’s composition. Due to their 
natural origin and low anthropopressure, the old riverbeds 
should be characterized by more natural flora and larger 
contribution of protected and threatened plant species.

Due to the decline of wetland ecosystems observed 
for many years in Poland and in Europe, the results may 

provide the basis for larger analysis and practical actions 
aimed at biodiversity protection.

2. Material anG methoGs

2.1. StuG\ area

valley, provide interesting research subjects. Due to their 
close proximity and similar effects of certain factors,  
e.g. climate, they may show some similarities, while on 
the other hand they differ in geomorphology and history, 
as well as land-use methods. 

Due to a relatively small extent of transformation, cer-
-

acterized by the presence of numerous natural water bod-
ies – oxbow lakes. Most of them can be found in the 
vicinity of the village of Chobielin, where the river forms 
numerous meanders. They are less frequent further west, 

the Bydgoszcz Canal are artificial reservoirs. Their water 
regime is regulated according to the needs of fisheries and 
significantly varies throughout the year. Seven fishpond 
complexes with a total area of approximately 1300 ha 

along the Bydgoszcz Canal. The largest ones are located 

located within the microregion of the Bydgoszcz Canal 

and the subprovince of the Southern Baltic Lake District.
Ash-alder riverine Fraxino-Alnetum forest is the pre-

dominant type of potential vegetation occurring along 

(Matuszkiewicz, 2008). Over the past centuries, the study 
area has undergone significant transformation – both in the 

-
ley”, which is currently drained by the Bydgoszcz Canal 

and reclaimed, and thus mainly converted into grasslands. 
Only the most marshy areas are currently covered with 
alder Carici elongatae-Alnetum forests, ash-alder Fraxino-
Alnetum forests, and willow shrubs Salicetum cinereae, as 
well as small patches of Aceri platanoidis-Tilietum platy-
phylli
River valley.

Due to the high degree of vegetation naturalness and 
high nature conservation values, the area was included 
in the Natura 2000 network: Dolina Noteci -

Dolina rod o ej Noteci 
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i Kana u Bydgos iego -

The study area included oxbow lakes situated in the 

-
plexes of ponds in the region (183.54 ha). A pond named 

in this complex. It has an area of ca. 100 ha and has de-
veloped from an ancient lake, while other ponds were dug 
below the ground level.

Bydgoszcz Canal, fishponds are much more numerous and 
occupy a larger area than oxbow lakes. The surface area 
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of the examined oxbow lakes ranged from 0.3 to 13.3 ha 
(on average 2.7 ha), with the total area of 26.9 ha. The 
fishponds were generally larger (0.1 to 7.0 ha – on aver-
age 3.0 ha) and their total area was 30.1 ha. One oxbow 
lake was dry, while the others were characterized by a high 
water level during the study period. The water level was 
low in one of the fishponds, medium – in two fishponds, 
and high in the remaining ones (Table 1).

Almost all the studied oxbow lakes are semicircular in 

Some of them are flooded in spring at higher water levels 
-

ponds are generally rectangular or triangular with steep 
shores, and the water level is adjusted in relation to the 

-
pletely dry.

2.2. )ielGZork

The research was carried out in the growing seasons of 
2011–2013. The flora of vascular plants was examined in 

supplied by the Bydgoszcz Canal. To obtain comparable 
results, an equal number of water bodies of each type was 
taken into account. The study included depressions (usu-
ally filled with water) and their immediate, functionally 
related surroundings. During the study, the water level in 
the reservoirs was measured and assessed as: high, medium 
(lowered water level – partially exposed shores), low (water 
level clearly reduced – partly exposed bottom), and dry.

Each water body was treated as a separate complex 
of plant communities corresponding to a local aggregation 

(2003).
In each reservoir, the flora was inventoried according 

to the Braun-Blanquet (1964) cover-abundance scale. The 
nomenclature of species followed Mirek et al. (2002) and 
the affinity of species with phytosociological classes – 

were determined according to Rutkowski (2011). The pres-

2014) and endangered species, both locally (Rutkowski, 

was also taken into account.
The origin of plants and the extent to which they can 

be considered as domestic (geographical–historical clas-

et al. (2010). 
Based on the geographical and historical classification, 

indices of anthropogenic changes in the composition of 
flora were calculated for the studied groups of oxbow lakes 
and fishponds (Jackowiak, 1990):
– the flora naturalness index (N), describing the contribu-

tion of non-synanthropic spontaneophytes (Sp) in the 

whole studied flora (S+A), calculated according to the 
formula:

N = %100
AS

Sp  

– the index of flora specific synanthropization (S ). It de-
termines the percentage of synanthropic spontaneo-
phytes, i.e. apophytes (Ap) and anthropophytes (A) in 
the whole flora:

S  = %100
AS
AAp  

– the specific apophytization index (Ap ) representing the 
proportion of apophytes (Ap) in the studied flora:

Ap  = %100
AS

Ap  

– the total anthropophytization index (An) that determines 
the percentage of anthropophytes (A) in the flora:

An = %100
AS

A  

Principal Component Analysis (PCA) was performed 

classification was carried out using the Unweighted Pair 
Group Method with Arithmetic Mean (UPGMA).  In addi-
tion, the index of diversity (H’) according to the Shannon 
and Weaver (1949) formula and the evenness index were 
calculated. The base 2 logarithm was used in the calcula-
tions.

To determine the significance of differences between 
the analysed indices, the t-Student test was performed us-
ing the Statistica 12 software. A map of the study area was 
made using Quantum GIS 2.0.

3. Results

A total of 248 species of vascular plants were recorded 
in all the reservoirs and their surroundings, including 213 
species occurring in oxbow lakes and 131 in fishponds. 
The comparison showed that 125 species (i.e. 50.40%) are 
common to both types of water bodies and 155 are exclu-
sive to the distinguished landscape units. Eighty-eight spe-
cies (35.48%) are specific to the flora of oxbow lakes and 
67 species (27.02%) – to artificial water bodies. The num-
ber of species in each fishpond ranged from 28 to 54, with 
an average of 42, while the number of species in the oxbow 
lakes was substantially higher and ranged from 26 to 107 
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Table 1. List and characteristics of the studied reservoirs

1o. oI 
reserYoir

(see 
)ig. 1�

T\pe oI 
reserYoir

CoorGinates oI 
the centre

$rea 
in 
ha

Water 
leYel 

Guring the 
stuG\

'istance Irom 
the riYer�canal in 

meters (min. ± ma[�

'iYersit\ 
inGe[ EYenness

1umber 
oI plant 
species

1 Oxbow lake
N: 53o6’32.02”

E: 17 

o41’29.56”
2.8 High 62-277 4.563 0.971 26

2 Oxbow lake N: 53o6’22.31”
E: 17 o42’1.67” 2.8 High 40-376 6.455 0.987 93

3 Oxbow lake
N: 53o6’29.52”

E: 17 

o41’51.63”
0.9 High 175-360 5.346 0.979 44

4 Oxbow lake
N: 53o6’34.15”

E: 17 

o41’48.29”
0.3 High 359-437 5.265 0.983 41

5 Oxbow lake
N: 53o6’30.99”

E: 17 

o41’45.32”
0.9 High 170-333 5.286 0.98 42

6 Oxbow lake
N: 53o6’31.98”

E: 17 

o41’29.49”
2.3 High 57-274 6.157 0.982 77

7 Oxbow lake
N: 53o6’23.6”

E: 17 

o41’30.62”
0.9 Dried out 0-98 6.667 0.989 107

8 Oxbow lake N: 53o6’4.8”
E: 17 o42’9.9” 1.2 High 74-175 5.676 0.977 56

9 Oxbow lake N: 53o5’57.81”
E: 17 o42’7.05” 1.5 High 0-177 5.508 0.981 49

10 Oxbow lake N: 53o6’38.93”
E: 17 o41’7.16” 13.3 High 33-267 6.629 0.985 106

11
N: 53o9’3.68”

E: 17 

o41’59.79”
7.0 High 1640-1910 4.967 0.976 34

12 N: 53o8’57.06”
E: 17 o42’1.34” 3.5 Medium 1520-1640 5.186 0.981 39

13 N: 53o8’52.95”
E: 17 o42’2.04” 3.0 Low 1400-1520 5.367 0.977 45

14 N: 53o8’48.7”
E: 17 o42’8.51” 0.7 Medium 1230-1380 5.537 0.986 49

15
N: 53o9’2.99”

E: 17 

o41’48.27”
0.4 High 1750-1810 5.197 0.983 39

16 N: 53o9’0.12”
E: 17 o41’47.5” 1.2 High 1650-1750 4.680 0.973 28

17
N: 53o8’56.64”

E: 17 

o41’46.97”
1.9 High 1530-1650 5.285 0.986 41

18
N: 53o8’52.17”

E: 17 

o41’44.89”
4.2 High 1360-1540 5.421 0.987 45

19
N: 53o9’19.86”

E: 17 

o41’55.98”
0.1 High 2280-2320 5.642 0.980 54

20
N: 53o9’18.76”

E: 17 

o41’57.05”
0.1 High 2210-2270 5.382 0.986 44



32 Barbara Waldon-Rudzionek

(in the dry lake), i.e. 64 on average (Table 1). The mean 
floristic diversity index of all the studied water bodies was 
5.51, and it was higher in the oxbow lakes (5.76) than in 
the fishponds (5.27). Average values of the evenness index 
for each type of reservoir were 0.98. The differences be-
tween the diversity and evenness indices for oxbow lakes 

p = 0.97), while a statistically significant difference was 
found for the floristic abundance (p = 0.04).

In total, 8 protected and endangered (both locally and 
in the whole country) species were identified (Table 2).

Protected taxa found exclusively in the oxbow lakes or 
their adjacent surroundings include: Angelica archangeli-
ca subsp. litoralis, Lathyrus palustris and Menyanthes tri-
foliata. There were 5 endangered species in the artificial 
reservoirs: Asperugo procumbens, Batrachium aquatile, 
Hippuris vulgaris, Senecio congestus and Sonchus palus-
tris. Moreover, locally rare species found in the studied 
reservoirs included: Lemna gibba, Myosotis sparsiflora, 
Schoenoplectus tabernaemontani, Stratiotes aloides and 
Thalictrum flavum.

The following species were very frequent in both reser-
voir types: Carex acutiformis, Phalaris arundinacea, Sym-
phytum officinale and Urtica dioica. Species with the high-
est frequencies in the oxbow lakes were: Alnus glutinosa 
and Iris pseudacorus (absent in fishponds), Calystegia 
sepium, Carduus crispus, Lemna minor, Lotus uliginosus, 
Lysimachia vulgaris, Phragmites australis, Poa palustris, 
Polygonum amphibium f. terrestre, Rorippa palustris, Salix 
cinerea and Solanum dulcamara. The following species 

were most numerous in the fishponds: Anthriscus sylves-
tris, Arrhenatherum elatius, Cirsium oleraceum, Elymus 
repens, Epilobium hirsutum, Galium aparine, Glyceria 
maxima, Myosoton aquaticum, Potamogeton pectinatus, 
Rorippa amphibia and Typha latifolia.

Among the life forms, hemicryptophytes dominated – 
their number was slightly higher in the flora of the oxbow 

hydrophytes along with helophytes, and geophytes, which 
were more numerous in the fishponds. The percentage of 
megaphanerophytes was much higher in the natural water 
bodies (6.6%) compared to the anthropogenic ones (1.5%).

The total flora of all the surveyed reservoirs showed 
a high degree of naturalness as evidenced by a signifi-
cant proportion of native species, which was higher 
in the flora of the oxbow lakes – 91.5% compared to 

-
tion, non-synanthropic spontaneophytes were nearly 5% 

-
ralness index was also higher (Table 3). The fishponds 
were characterized by a higher contribution of alien 
taxa (12.2%), of which archaeophytes accounted for the 
largest number (7.6%). In addition, the synanthropiza-
tion and specific anthropophytization indices had higher 
values in the fishponds (Table 3). Among kenophytes 
present in both natural and artificial water bodies, the 
following species were recorded: Acorus calamus, Co-
nyza canadensis and Rumex thyrsiflorus. Oxbow lakes 
hosted additionally neophytes: Bidens frondosa, Elodea 
canadensis and Padus serotina.

species, R – rare species

Species /egal 
protection 3C/ R. K-3

O[boZ lakes 
(1umber  

oI occurrences�

)ishponGs 
(1umber  

oI occurrences�

Angelica archangelica subsp. litoralis Partial – 2 –

Asperugo procumbens
Batrachium aquatile

–
–

NT
–

–
R

–
–

2
3

Hippuris vulgaris – – – 2

Lathyrus palustris Partial – 5 –

Menyanthes trifoliata
Senecio congestus

Partial
–

–
NT

–
–

1
–

–
5

Sonchus palustris – – R – 1
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The more abundant flora of the oxbow lakes was rep-
resented by species belonging to 20 phytosociological 
classes, whilst the flora of the fishponds was represented 

and artificial reservoirs, the most numerous were repre-
sentatives of Molinio-Arrhenatheretea and Phragmitetea 
australis. The flora of the oxbow lakes contained a larger 
proportion of taxa from Molinio-Arrhenatheretea, Stel-
larietea mediae, Querco-Fagetea, Rhamno-Prunetea and 
Scheuchzerio-Caricetea fuscae. Edificators of the follow-
ing classes were found exclusively in this group of water 
bodies (more specifically – in their surroundings): Koeler-
io-Corynephoretea, Trifolio-Geranietea sanguinei, Epilo-
bietea angustifolii, Festuco-Brometea and Isoëto durieui-
Juncetea bufonii. The flora of the fishponds was character-
ized by the dominance of taxa from Phragmitetea australis, 
Artemisietea vulgaris, Bidentetea tripartitae, Potametea, 
Lemnetea minoris, Salicetea purpureae, Alnetea glutinos-
ae, Montio-Cardaminetea and Polygono-Poetea annuae.

The differences in the floras of these water bodies 
are also illustrated by the Principal Component Analy-

axis explains 19.6% and by the second axis – 14.6% of 

are clustered on the left side, while from the oxbow 
lakes – on the right side of the diagram. The diagram in-
dicates that the species more associated with the oxbow 
lakes include, e.g.: Alnus glutinosa, Carex paniculata, 
Iris pseudacorus, Lemna gibba, Lysimachia vulgaris, 
Stratiotes aloides, Stachys palustris and Thelypteris 
palustris. In the artificial reservoirs, Anthriscus sylves-
tris, Batrachium aquatile, Epilobium hirsutum, Galium 
aparine, Typha angustifolia and Potamogeton lucens are 
more abundant. It can be assumed that the x-axis ex-
plains the species diversity, while the y-axis represents 
the moisture conditions – dry water bodies are placed 
at the peripheral parts of the diagram, above the x-axis. 

-
drophytes and helophytes, T – therophytes, G – geophytes, M – megaphanero-
phytes, N – nanophanerophytes, Ch – woody chamaephytes, C – non-woody 
chamaephytes

Table 3. Indices of anthropogenic changes in the flora of oxbow lakes and fishponds

,nGe[ Total O[boZ lakes )ishponGs

Index of natural character (N) 45.16% 45.28% 40.46%

Index of specific synanthropization (S ) 54.84% 54.71% 59.54%

Index of specific apophytization (Ap ) 43.14% 46.23% 47.33%

Index of total anthropophytization (An) 11.69% 8.49% 12.21%
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-

Molinio-Ar-
rhenatheretea, P – Phragmitetea australis, A – Artemisietea vulgaris (Onopordetalia acanthii), 
ACs – Artemisietea vulgaris (Convolvuletalia sepium), Sm – Stellarietea mediae (Papaveretalia 
rhoeadis, Aperetalia spicae venti), SmSis – Stellarietea mediae (Sisymbrietalia), Bt – Bidentetea 
tripartitae, Pot – Potametea Querco-Fagetea, R-P – Rhamno-Prunetea, L – Lemnetea 
minoris, Sp – Salicetea purpureae Koelerio-Corynephoretea, T-G – Trifolio-Geraniet-
ea, Ag – Alnetea glutinosae Festuco-Brometea, E-A – Epilobietea angustifolii, S-Cf – 
Scheuchzerio-Caricetea fuscae, I-N – Isoëto durieui-Juncetea bufonii, C-U – Calluno-Ulicetea, 
M-C – Montio-Cardaminetea, P-P – Polygono-Poetea annuae Vaccinio-Piceetea, – without 
phytosociological affinity
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The differences between the reservoirs were also con-
firmed by UPGMA analysis, where all reservoirs were di-
vided into two main groups: one group with the oxbow 
lake without water, while the other group contained clearly 

4. 'iscussion

Due to their natural origin, oxbow lakes are extremely valu-
able ecosystems, representing a protected natural habitat – 

2014). Despite their anthropogenic genesis, fishponds are 
also characterized by the presence of communities indica-
tive of the above type of habitat.

Both the fishponds and oxbow lakes in this study are 
floristically extremely abundant environments, playing an 

important role in the preservation of the local biodiversity. 
This is confirmed by the high values of the species diver-
sity index. In comparison to 450 small water reservoirs 

different types of landscapes (Waldon, 2011), where the 
average value of this index was 5.29, the oxbow lakes in 
this study have a higher diversity (5.76), while the fish-
ponds – lower diversity (5.27). The evenness index, as 
a measure of how evenly the species are distributed, has 
high and similar values – 0.98 in the oxbow lakes and 

Lakeland.
Up to 213 species of vascular plants were recorded in 

10 oxbow lakes distributed along a 2.5 km section of the 

-
parison, up to 171 taxa were found in protected “Sta-

 Alnus 
glutinosa, Ant.sil – Anthriscus silvestris, Arr.ela – Arrhenatherum elatius, Bat.aqu. – Batrachium aquatile, Car.acu – Carex 
acutiformis, Car.pat – Carex paniculata, Cic.vir – Cicuta virosa, Des.ces – Deschampsia caespitosa, Epi.hir – Epilobium 
hirsutum Fallopia dumetorum, Gal.apa – Galium aparine, Iri.pse – Iris pseudacorus, Lem.gib – Lemna gibba, 
Lem.min – Lemna minor, Lot.uli – Lotus uliginosus, Lys.vul – Lysimachia vulgaris, Myo.aqu – Myosoton aquaticum, 
Phr.aus – Phragmites australis, Pin.syl – Pinus sylvestris, Poa.pal – Poa palustris, Pol.per – Polygonum persicaria, Pol.
ter – Polygonum amphibium f. terrestre, Potamogeton lucens, Pot.rep – Potentilla reptans, Que.rob – Quercus robur, Ror.
amp – Rorippa amphibia, Rub.cae – Rubus caesius, Scu.gal – Scutellaria galericulata, Sta.pal – Stachys palustris, Str.alo – 
Stratiotes aloides, The.pal – Thelypteris palustris, Typ.ang – Typha angustifolia Valeriana officinalis
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plant species in one of the oxbow lakes of the Tisa River 

-
ski et al. (2013) recorded 152 vascular plant species in 20 
oxbow lakes located within a several-kilometre section of 
the Warta River valley. The number of reported taxa can be 
affected by the size of the studied water bodies, their im-
mediate surroundings, human impact, as well as the meth-
odological approach – some authors included only aquatic 
vegetation in the analysis, while most analyses (including 
the present one) included also the shores of the reservoirs.

The floristic abundance is also affected by the water-
level oscillations, e.g. the largest number of species was 
recorded in the dry oxbow lake (107).

There are fewer papers published on the flora of fish-
ponds. A total of 172 taxa of vascular plants were recorded 
in four fishponds (the “Polder” reserve in Lower Silesia) 

 
320 species of vascular plants in 11 fishponds in the San-

(2001) found 629 species of vascular plants in 41 com-
plexes of fishponds in the South Podlasie Plain.

The flora of the studied oxbow lakes is much more 
abundant than that of the fishponds, which is most like-
ly associated with greater diversity of these habitats and 
their surroundings, i.e. not only meadows, as in the case 
of ponds, but also forest communities. Half of the oxbow 
lakes were surrounded by Carici elongatae-Alnetum or 
Fraxino-Alnetum forests. 

The more natural character of the oxbow lakes is re-
flected in the presence of forests at their shores, more 
abundant occurrence of phanerophytes, and thus a much 
higher proportion of species from the Querco-Fagetea and 
Rhamno-Prunetea -
pond shores results in more frequent and more abundant 
occurrence of herbaceous species from the Artemisietea 
vulgaris class (by nearly 8%).

Periodic draining of fishponds as well as artificial ex-
posure of their shores result in almost twice as many spe-
cies with short life cycles from the Bidentetea tripartitae 
class (8.4%). It is worth noting that aquatic taxa from the 
Lemnetea minoris and Potametea classes were much more 
abundant in the pelagic zone of the artificial water bod-
ies – due to less shade, while shrub taxa from Salicetea 
purpureae were observed more frequently on their shores – 
due to the lack of competition from trees. In addition, the 
steep shores of fishponds result in poorly formed ecotone 
zones and, therefore, rushes usually occur in the form of 

(2014) draw attention to a smaller contribution of macro-
phytes on the shores of fishponds in relation to reservoirs 
with naturally shaped shores. The reservoirs compared in 
this study were characterized by a similar contribution of 
Phragmitetea australis and Scheuchzerio-Caricetea fuscae 
species, which is related to the fact that rushes had also 
developed on the bottom of three of the studied fishponds 
as a result of the lowered water level.

Due to the presence of causeways with paths and roads 
between the ponds and various management works asso-
ciated with their maintenance and fish breeding, the total 



37Is the flora of oxbow lakes different from that of fishponds? A comparison of two types of water reservoirs

contribution of ruderal species (mainly from Onoporde-
talia acanthii, Sisymbrietalia and Polygono-Poetea) was 
much higher in the case of artificial reservoirs (almost 
13%) compared to the natural ones (7.1%).

The greater naturalness of the oxbow lakes is reflected 
not only in the higher value of the flora naturalness in-
dex and the higher relative abundance of native species, 
but also in the more frequent presence of protected taxa 

valley oxbow lakes had a high value of the flora natural-
ness index – 45.3%, which is higher than that reported for 

2013). Despite twice as many oxbow lakes being studied 
in the Warta River valley, the same number of protected 

lakes. This may be due to the fact that only 2 out of the 
20 oxbow lakes studied by those authors were adjacent to 
forest communities, while the others were located among 
meadows and fields.

Sikorska et al. (2011) draw attention to the impact of 
the immediate surroundings on the degree of oxbow lakes’ 

-
tural areas (meadows, pastures, wastelands) contributes 
to a reduced proportion of native species in oxbow lakes, 
while the vicinity of forests has a positive impact on their 
presence.

The slightly larger contribution of kenophytes in the 
flora of the oxbow lakes compared to the fishponds may 
result from the greater vulnerability of riverine ecosys-

2005). Examples of such plant species in the oxbow lakes 
 Acorus calamus, Bidens frondosa, 

and Elodea canadensis.
The differences between the analysed floras were con-

firmed by statistical analysis (PCA, UPGMA). Neverthe-
less, the structure of plant communities in small water 

-
resenting this vegetation in the ordination diagrams and 
dendrograms of hierarchical classification are affected by 
a number of factors, including the nature of the immediate 
surroundings, the trophic status of a water body and the pH 
value (Waldon, 2011, 2012). 

Many authors draw attention to the rapid renaturaliza-
tion of artificial water reservoirs, i.e. fishponds, and the 
possibility of their colonization by native flora and veg-

-

Waldon 2011, 2012). It is worth noting that the studied 
fishponds in the Bydgoszcz Canal valley are characterized 
by higher values of flora naturalness (40.7%) than oxbow 

2013). This is likely due to the fact that the fishponds in 

in a naturally formed river valley, which is used as a grass-
land, creating a significant barrier for the penetration of 
non-indigenous species.

-
phasize that the importance of fishpond complexes as 
a refuge for the vascular flora dates back to the very be-
ginning of these objects, in most cases the eighteenth and 
nineteenth centuries. It is long enough for these artificial 
reservoirs to become an integral part of the landscape. The 
extensive fishery management with a tendency to reduce 
production has a particular impact on the diversity of habi-
tats, which favours the occurrence of species representing 
different ecological requirements. The size and shape of 
a reservoir (Soga et al., 2014), as well as the connection 
with the landscape type, are also important to the biologi-
cal diversity. All this means that complexes of fishponds 
are characterized by a relatively high degree of naturalness 
of the flora and plant communities, which has been con-
firmed by the results obtained by other authors (Nowicka-

found up to 79 endangered species, including 7 orchid spe-
-

plexes of fishponds in central-eastern Poland.
The role of artificial reservoirs as temporary habitats 

and places for the survival of relict species has been in-

Coleanthus subtilis – a grass species listed in Annex II of 
the Habitats Directive occurs in Poland only around fish-

valley (Czarna et al., 2013).
In the recent decades, due to the global decline in the 

wetlands and, consequently, biodiversity loss, projects 
aimed at restoring the degraded wetland habitats and wa-
ter reservoirs are increasingly being implemented (Oertli 

et al., 2015). This is important as these actions are benefi-
cial for the development and survival of as many organ-
isms as possible (Lemmens et al., 2013).

5. Conclusions

oxbow lakes and fishponds located in valley of the Bydgo-
szcz Canal differ from each other. A good indicator of dif-
ferentiation is the spectrum of species proportions in each 
class, which is determined by the origin of reservoirs, their 
surroundings, and the degree of anthropopressure. 

Because of their natural origin and location within 
natural and semi-natural ecosystems, the oxbow lakes 
were characterized by more abundant and more natural 
flora than the fishponds. The assumption that old river-
beds would have a greater significance for the preserva-
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tion of protected and threatened plant species has not been 
confirmed. It turned out that 5 threatened species occur in 
the ponds, while only 3 protected species occur in the old 
riverbeds.

Both types of reservoirs are extremely valuable refuges 
for native flora, which is evidenced by the presence of pro-
tected and endangered species, a large contribution of non-
synanthropic spontaneophytes, as well as high and similar 
values of species diversity indices. 

The fishponds, despite their anthropogenic origins and 
regular functioning associated with fish farming, provided 
a substitute habitat for many plant species, and they were 
characterized by a high degree of flora naturalness relative 
to the surrounding agricultural ecosystems. 

The oxbow lakes were characterized by the presence 
of forest habitats in their immediate surroundings, and 
thus the more abundant occurrence of megaphanerophytes 
and much larger contribution of non-synanthropic sponta-
neophytes and apophytes from Molinio-Arrhenatheretea, 
Querco-Fagetea, Rhamno-Prunetea and Scheuchzerio-
Caricetea fuscae. 

Periodic drainage of fishponds is conducive to the en-
croachment of terrestrial therophytes from Bidentetea tri-
partitae on their shores and it has a positive effect on the 
relative abundance of rush species. 

Management practices associated with the maintenance 
of fishponds and the presence of a network of dykes and 
paths resulted in the more abundant occurrence of ruderal 
species within and around these artificial water bodies, 
while due to less shade in relation to the oxbow lakes, 
aquatic taxa from the Lemnetea minoris and Potametea 
classes were more abundant.

Although oxbow lakes are more valuable habitats in 
terms of nature, and hence they are partly protected in Eu-
rope from destruction, complexes of fishponds also require 
certain management practices aimed at their preservation, 
while taking into account the interests of managers/breeders. 
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