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Diversity of macrophytes in riverine aquatic habitats:
comparing active river channel and its cut-offs

Roéznorodnos¢ makrofitow w nadrzecznych siedliskach wodnych: poréwnanie
koryta rzeki ze starorzeczami

SUMMARY

The study area was a small lowland river valley (the Leg river) located in the south-east of
Poland. The object of investigation was the macrophytes of 10 river lakes with corresponding active
river channel stretches of the same length as the cut-offs. The aim was to check the difference in
species diversity between cut-off and active river channels. The second aim was to test the following
hypothesis: vegetation of river lake has been shaped under the influence of contiguous river stretch
which has left a measurable mark in species abundance and composition. To test this, we checked
whether a cut-off channel’s flora is more similar to flora of the contiguous river stretch, than to flora
of a farther river stretch. During the course of the study it was found that the average species richness
was approximately two times higher in the cut-off channels than in the river stretches. The number
of the species exclusive for the river lakes was nine times higher in comparison with the river’s
exclusives (not found in the cut-offs). The Shannon diversity index definitely spoke in favor of the
river lakes. These results clearly show the significance of river lakes in maintaining biodiversity of
aquatic ecosystems in a small river valley. We did not confirm our hypothesis concerning floristic
relation between an active channel and its cut-offs. The floristic similarity between a given cut-off
channel and the contiguous active river channel stretch is not stronger than the similarity between
this lake and more distant river stretches. The cause of such a state of affairs may be high natural
dynamics of investigated habitats and anthropogenic transformation of the river valley.
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STRESZCZENIE

Badania dotyczyty roznorodnosci flory wodnej i szuwarowej porastajacej starorzecza i aktual-
ne koryto niewielkiej rzeki nizinnej Leg, przeptywajacej przez centralng czes$¢ Kotliny Sandomier-
skiej. Wytypowano 10 par starorzecze—rzeka; danemu starorzeczu odpowiadal najblizej potozony
wzgledem niego fragment rzeki o tej samej dlugosci co starorzecze. Pierwszym celem byto po-
rownanie réznorodno$ci gatunkowej flory aktywnego i odcigtego koryta rzeki. Drugim zadaniem
badawczym bylo przetestowanie nastgpujacej hipotezy: roslinno$¢ starorzecza ksztaltuje si¢ pod
wplywem przyleglego odcinka rzeki, co pozostawia mierzalny $lad w kompozycji gatunkéw oraz
ich ilosciowych stosunkach. W tym celu sprawdzono czy podobienstwo florystyczne pomigdzy
okreslonym starorzeczem a najblizszym mu fragmentem rzeki jest istotnie wigksze niz pomigdzy
tym starorzeczem a bardziej odlegltymi fragmentami aktywnego koryta rzeki. W wyniku przepro-
wadzonych badan stwierdzono, ze $rednie bogactwo gatunkowe w starorzeczach byto prawie dwa
razy wigksze niz na odcinku rzeki o tej samej dtugosci. Liczba gatunkow stwierdzonych wylacznie
w starorzeczach byta dziewig¢ razy wieksza od liczby gatunkow rzeki stwierdzonych tylko w rzece.
Wartos¢ wskaznika réznorodnosci Shannona-Wienera byla istotnie wyzsza dla starorzeczy. Wyni-
ki te wyraznie wskazuja na znaczenie jezior rzecznych w zachowaniu réznorodnosci biologicznej
ekosystemow wodnych w dolinie matej rzeki nizinnej. Hipoteza dotyczaca florystycznych powiazan
pomiedzy sasiadujacymi ze soba dwoma typami ekosystemow nie zostata potwierdzona. Podobien-
stwa pomigdzy starorzeczem i najblizszym mu odcinkiem rzeki nie byto wigksze niz podobienstwo
pomigdzy tym starorzeczem a oddalonym odcinkiem rzeki. Taki stan rzeczy moze mie¢ swoje zro-
dto zaré6wno w naturalnych procesach (duza dynamika badanych ekosystemow) jak i w antropoge-
nicznych przeksztatceniach doliny.

Stowa kluczowe: makrofity, roznorodnos¢ gatunkowa, starorzecza, koryto rzeki, SE Polska

INTRODUCTION

A river channel and its cut-off parts (river lakes) form a complex and dynamic system
which depends on geomorphological and ecological processes, such as erosion, succession and
connectivity (1, 3, 7, 14). In a river valley, river lakes substantially contribute to the growth of
species diversity. However, because of human activity which started at the end of the Holocene,
river lakes are nowadays highly threatened ecosystems. Vegetation development in a river channel
depends above all on the channel’s morphology and hydraulic parameters (5, 10). Small rivers are
usually inhabited by aquatic and rush species. Superficial observations indicate that species richness
of river lake ecosystem is higher than species richness of an active channel, even in the most natural
ecosystems — this is due to more stable ecological conditions.

After establishing a new river lake, this ecosystem changes its character from lotic to lentic
and it redirects succession of vegetation. The first inhabitants of the new ecosystem are organisms
which previously lived in the channel, and other species migrate from local populations. Newcomers
interact with the present inhabitants and change the structure of vegetation, which results in a new
equilibrium. As the lake-originative stretch of the river channel is a starting point of a succession for
the new ecosystem, it should determine, to some extent, the structure of subsequent communities
of the river lake. Additionally, short distance between the river lake and the contiguous river
stretch make the propagules exchange easy. The influence of the nearest river stretch upon species
composition of cut-off channel is strong in the initial stage of succession and gradually decreases over
time. Nevertheless, it can be assumed that the mark of common history of vegetation development
is measurable at present with the use of similarity indices. Even if the vegetation along the river
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channel is significantly homogeneous, similarity between a given river lake and the nearest stretch
of river should be higher than more distant one.

The studies dealing with macrophytes in river lakes were extensively conducted during the last
two decades, in particular on the topic of long- and short-term changes of vegetation and species
abundance against lake’s morphology, connectivity, water-level fluctuations and abiotic water
conditions (1, 2, 3, 7, 14, 25, 26). Various studies on river lake’s vegetation were also carried out
in Poland (9, 13, 15, 16, 18, 20, 23). Nevertheless, the literature lacks of qualitative or quantitative
comparison of plant diversity between cut-off channels and its parent river. We carried out the
research in the valley of a small lowland river situated in the south-west of Poland. Our first aim
was to check the difference in species diversity between cut-off and active river channel. The
second aim was to test the following hypothesis: vegetation of river lake has been shaped under
the influence of vegetation of contiguous river stretch which has left a measurable mark in floristic
composition.

STUDY AREA

The Leg river is a lowland stream which runs through the central part of Sandomierz Basin
(12). It flows from the Kolbuszowa Plateau, through the Tarnobrzeg Plain, and gets to the Vistula
river near the city of Sandomierz. The length of its course is 82 km, drainage basin covers 960 km?.
The channel width is about 15 m, in some places small islands are formed. In the investigated section
of the valley, the Leg river runs through a plain covered with fine-grained sands of various origin
(28). The climate of the investigated area is moderately humid and one of the hottest in Poland (11).

The Leg river valley cuts across the Sandomierz Forest. Until 1456, the region had the status
of an exclusive hunting district of the Jagiellonian royal family (11). In the 18" century, after the
introduction of more arranged/extensive farming, the landscape of the Leg river valley took on an
agricultural character — nowadays a significant part of the lowest terrace is occupied by agricultural
wastelands.

River regulation and storage reservoir construction in Wilcza Wola (upstream of the inves-
tigated area) have altered natural flow regime and significantly reduced connectivity between the
river and its cut-offs. At present, the river has a low sinuosity, and the process of forming new lakes
is not observed. In the northern part (beginning from Grgboéw), Leg’s channel is highly human-
transformed: straightened and narrowly embanked.

MATERIAL AND METHODS

Field research was conducted in summer 2009 and 2010. Ten river lakes situated between Bo-
janow and Gorzyce were investigated. The lakes which were taken into account were not entirely
overgrown with non-aquatic vegetation and not largely anthropogenic-transformed. The same num-
ber of stretches of the river’s channel, equal in their length to the river lake and adjacent (the nearest)
to the river lakes, were investigated; ten pairs for testing were obtained. River lakes characteristics
(length, geographical coordinates and the nearest distance to river) were given in Appendix 1. In the
case of the river lakes, observations were carried out in the whole area of water body: plants were
picked out from shallow water by hand; a grapnel was used for plants growing in deep water away
from banks. In the case of the river, plants were noted down during wading in the river bed along
the whole length of a given fragment. Aquatic and rush species which were taken into account are
characteristic for phytosociological classes Charetea, Lemnetea, Potametea and Phragmitetea (17).
Species abundance with regard to the whole surface of the water body was estimated with the use of
Braun-Blanquet (4) scale: 1, +, 1, 2, 3, 4, 5.
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For the sake of specification of degree to which cut-off channel differs from active river
channel in terms of species diversity, the following indices were calculated for each of the twenty
objects: /1/ species richness (number of macrophytes) S, /2/ Shannon-Wiener’s index H (21)
and /3/ evenness index E (19). For the purpose of computing, Braun-Blanquet scale values were
transformed into midpoints of intervals presented by the scale (“+” was transformed into 0.5, “r”
into 0.1). The significance of the difference between indices values was checked by Wilcoxon paired
test. Moreover, numbers of species exclusive for both types of ecosystems were determined.

The hypothesis concerning floristic relation between river lake and contiguous river stretch
(the mark of shared history of vegetation development) was tested by comparing values of floristic
similarity indices. Jaccard and Ruzicka indices (8) were computed for two pairs: /1/ river lake —
the nearest river stretch and /2/ river lake — randomly chosen river channel stretch. To calculate
Ruzicka index, Braun-Blanquet’s scale was transformed into 9-point ordinal scale according to van
der Maarel (24). The relevance of differences was calculated by Wilcoxon paired test. Statistical
analyses were carried out using STATISTICA StatSoft package. The distance between lake and
river stretch were determined using binomial scale (nearest, farther) which is independent of real
distances to river of particular lakes. We also assumed that river lakes are of similar age (we took
into account that new lakes with pioneer vegetation were not observed and lifespan of shallow lakes
in agricultural landscape is relatively short).

RESULTS

In total, 56 aquatic and rush macrophytes were found in 20 surveyed ob-
jects (Tab. 1). In cut-off channels the species richness was approximately twice as
high as (1.89) in the active river channel stretches (Wilcoxon test: T=0, p<0.01;
Fig. 1a). Also species diversity, expressed as the value of Shannon-Wiener’s in-
dex, for river lakes was 1.8 times higher than in the case of river (Wilcoxon test:
T=0, p<0.01; Fig. 1b). The comparison of values of evenness index showed that
the cause of higher biodiversity of river lakes (when compared with biodiversity
of the river channel) was mainly a higher number of species; qualitative species’
cover relations were less relevant: for the £ index differences were not statistically
significant (Wilcoxon test: T=10, n.s.; Fig. 1¢). Moreover, almost half (45%) of all
found species were present only in river lakes, whereas merely 5% of all species
were exclusive for the river. Majority of aquatic species occurred only in river
lakes; species common for the river and cut-offs are mostly helophytes (Tab. 1).

Differences between average values of Jaccard index for pairs river lake—the
nearest river stretch and river lake—random river channel stretch, were insignifi-
cant (Wilcoxon test: T=26, n.s.). Similar result was obtained using Ruzicka index
(Wilcoxon test: T=18, n.s.).

DISCUSSION

In complex riverine landscape, aquatic habitats are structured by many bi-
otic and abiotic factors. Nutrient content, morphometric characteristics, age, water
level fluctuation, hydrological connectivity and flood disturbance are frequently
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pointed out to be the essential drivers shaping macrophytes diversity of cut-off
channels (1, 2, 3, 13, 15, 25, 26, 27). Our main findings confirm an intuitive the-
sis that species diversity of river lake ecosystems significantly exceeds species
richness of an active river channel. Aquatic and rush plant communities develop
intensely in river lakes and slightly in a river (9). The flow of the water — its ve-
locity and discharge regime — seems to have a decisive effect on the occurrence
of differences in plant species diversity between a river channel and its isolated
fragments. Destructive water scouring causes the reduction of plants and prevents
the development of more diversified and species-rich vegetation. Only the spe-
cies resistant to perturbation, such as Phalaris arundinacea, Glyceria fluitans,
Glyceria maxima occur regularly, whilst species of stable habitat, e.g., Hydrocha-
ris morsus-ranae, Carex pseudocyperus, Riccia fluitans, Nuphar lutea, Stratiotes
aloides, Typha latifolia or Utricularia vulgaris can show up only occasionally.
In the view of intermediate disturbance hypothesis (6), a river can be treated as
an extreme case of water ecosystem which is subjected to permanent disturbance
limiting species diversity. Our outcome supports the presented theory and speci-
fies it for the case of a small, temperate, lowland river.

The research did not confirm the mechanism drafted in the introductory sec-
tion which concerned the development of river lake’s phytocoenoses: there was no
significant difference between river lake’s floristic similarity to the nearest river
fragment and its similarity to a (randomly chosen) distant river fragment. It may
indicate, firstly, that we did not reveal the mark of common history of vegetation
development — which means that historical influence lost its significance, the near-
est river species composition underwent significant change, or both; and secondly,
that the nearest river stretch is not privileged among other stretches in possible in-
fluence on the character of adjacent cut-off lake’s flora at present. A possible natu-
ral cause for such an outcome may be low stability of riverine and water habitats,
and homogenization caused by longitudinal river connectivity (22). Another cause
can be anthropogenic transformations (e.g., river regulation) altering natural pro-
cesses (5, 14). Predictions arising from our hypothesis should give better results in
more natural valleys with large number of river lakes of young generation.

The results of our research serve as a strong argument for protection of river
lakes: they should be regarded as essential for maintaining plant biodiversity in
water ecosystems of river valley. If the cut-off channels and artificial reservoirs in
investigated river valley were to disappear due to human impact, then the number
of water and rush species may decrease by half, including the loss of many rare
species.
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Appendix |

Characteristics of the investigated river lakes. Following the number of a
river lake, the name of locality, geographical coordinates of the object midpoint,
the length [m] (1) and minimal distance to the river [m] (d) were given.

(1) Bojanow (1=1596, d=160, N50°24°53”, E21°57°36), (2) Stany (=160,
d=330, N50°26°8”, E21°59°27”), (3) Kotodzieje (1=405 d=100, N50°27°24”,
E22°0°217), (4) Przyszow—Wystep (1=150, d=250, N50°28°44”, E22°1°03”), (5)
Przyszow—Kliny (1=400, d=145, N50°28°53”, E22°0°47”), (6) Przyszow (1=789,
d=397, N50°29°22”, E21°59°32”), (7) Krawce-Zimna Smuga (=175, d=45,
N50°31°5”, E21°56°58”), (8) Krawce (1=350, d=70, N50°31°26”, E21°55°28”),
(9) Nowy Grebow (1=423, d=222, N50°33°21”, E21°54°23”), (10) Kepie
Zaleszanskie (1=765, d=75, N50°38°34”, E21°51°28”).
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Tab. 1. Abundance of macrophytes specified in Braun-Blanquet scale in river lakes and river
channel stretches. The species were arranged according to their similarity of occurrence in two types
of investigated habitats.

No. of river lake* No. of river channel stretch*
1 2 3 4 5 6 7 8 9 10| 1 2 3 4 5 6 7 8 9 10
Callitriche sp. 1 + r

Batrachium sp. r +

Potamogeton crispus r r

+
+

Veronica anagallis-aquatica r + r
Veronica beccabunga +
Phalaris arundinacea + 2 + o+ +
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Fig. 1. Comparison of diversity of macrophytes in active river channel stretches and cut-off
river channels: a — species richness, b — Shannon-Wiener index, ¢ — evenness index.
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