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ABSTRACT: This study analyses the composition, species richness and diversity (H’) of aquatic molluscan com-
munities in temporary water bodies within the valley of the lower Bug River in eastern Poland. The investiga-
tions were carried out in 2007–2009 within the section of the valley located between 190th and 50th km of the
river course in 50 water bodies. Relatively rich and diverse malacofauna was found in the investigated habitats:
32 snail species and 6 bivalve species. Species diversity (H’) in individual water bodies ranged from 0.44 to
3.48. About 40% of all mollusc species showed frequencies of �10%. Dominance patterns varied much among
the water bodies. Mollusc abundance ranged from 20 to over 1,800 indiv./m2. Considerable species richness
and diversity were found both within the active floodplain and the former one. This was probably related to
the long duration of many of the investigated water bodies, as well as their periodical hydrological connectivity
with permanent ones or river channel. From 9 to 12 samples should be enough to compile representative spe-
cies list of molluscs inhabiting temporary water bodies, but as many as 28–40 samples would be necessary to ob-
tain complete dataset.
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INTRODUCTION

Aquatic molluscs, especially gastropods, are im-
portant components of macroinvertebrate fauna in
many riparian environments (e.g. CASTELLA et al.
1984, 1991, RICHARDOT-COULET et al. 1987,
FOECKLER et al. 1991, WEIGAND & STADLER 2000).
Rich and diverse malacofaunas occur in permanent
waters, but temporary water bodies are also impor-
tant for biodiversity, because they often hold uncom-
mon and rare species (CÉRÉGHINO et al. 2008). Such
habitats support species either not found in any
other habitat type or those which attain their great-
est abundance in these waters. The distinctness of
communities inhabiting temporary water bodies has
been confirmed by some authors (e.g. OBRDLIK &
GARCIA-LOZANO 1992, WILLIAMS 1998). In Poland
the malacofauna of floodplain water bodies has been
litt le studied (e.g. PIECHOCKi 1969, JURKIE-
WICZ-KARNKOWSKA 2006, 2008, 2009); this pertains
especially to malacocoenoses of temporary water
bodies.

Among floodplain water bodies of the lower Bug
River there are numerous temporary ones, however
only a fraction of these sites has been investigated
(JURKIEWICZ-KARNKOWSKA 2009). The list of their ma-
lacofauna, based on 20 samples, is not complete, indi-
cating a necessity of more intensive sampling of these
habitats which are characterised by high spatial and
temporal diversity. In order to determine the number
of samples necessary to compile a complete malaco-
faunistic list of temporary water bodies located within a
long section of the river valley, the number of sites was
increased to 50, including sites investigated earlier
(JURKIEWICZ-KARNKOWSKA 2009) and now re-sampled.

The aim of the present study was to analyse the
composition, species richness, diversity (H’) and
abundance of aquatic mollusc communities in tempo-
rary water bodies within a large section of the lower
Bug River valley (140 km) and to determine the num-
ber of samples necessary to compile a representative
and complete species lists.
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STUDY AREA AND METHODS

Samples were collected in 50 floodplain water
bodies located within the lower Bug River valley, be-
tween 190th and 50th km of the river course (Fig. 1).
The Bug River is the biggest tributary of the Narew
River and one of the largest rivers in Poland (4th lon-
gest). It is 755 km long, with the basin area of 39,420.2
km2. The mean long-term discharges (SSQ) recorded
at Polish water gauge stations range from 41.2 to
153.9 m3/s. The lower Bug covers 224.2 km of the
river course (counting from the mouth) (DOJLIDO
et al. 2003).

The active floodplain on the left-bank side of the
valley is considerably constrained by flood control
embankments (built mainly in the 1980s), except for
short fragments (150th–146th, 58th–53rd and
9th–13th km of the river course) of natural
floodplain. Desiccation of these areas can already be
observed. Direct, though limited, connectivity of the
cut off areas with the active floodplain occurs only in
the places where culverts are present, but the sluices
are opened only during lower water in the Bug River,
when the only direction of drainage is from the
floodplain to the river channel. In most cases there is
only indirect connectivity through infiltration. The
right-bank side of the valley has retained a relatively
natural character.

The sites were located within fragments of natural
floodplain, the ‘active’ floodplain sites being con-
strained by the embankment and the ‘former’
floodplain sites being situated outside the embank-
ment. They differed in their location within the valley,
size, depth, distance from the main river channel and
permanent water bodies, hydroperiod length,
successional stage, hydrological connectivity, abun-

dance of macrophytes and canopy (Appendix). Both
typical temporary water bodies and not completely
drying ones (when a few percent of the area could re-
main wet) were included in the present study. Their
geographical co-ordinates were measured with GPS.

Molluscs were sampled from May to September
2007–2009, using a pond net with the working side of
25 cm, mesh size of 0.5 mm and handle length of 2 m.
Individual sites were investigated once or twice, tak-
ing 2–3 samples, depending on the water body size.
Molluscs taken from the bottom (from the area of
about 1.0 m2) and macrophytes were washed on a
sieve of 0.5 mm mesh and preserved with 75% ethyl
alcohol. In the laboratory the animals were sorted,
counted and identified using the keys of PIECHOCKI
(1979) and PIECHOCKI & DYDUCH-FALNIOWSKA
(1993). Species names were updated according to the
“Checklist of species-group taxa of continental
Mollusca living in Poland” (CLECOM, 2002) and
“Catalogue of life” (CATALOGUE 2007).

Hydroperiod length was evaluated based on
IMGW data at the gauge stations in Frankopol (163.2
km of the river course) and Wyszków (33.8 km of the
river course).

Composition, species richness and dominance pat-
terns of the malacocoenoses were described. Species
diversity was estimated with Shannon-Weaver index
(MARGALEF 1958). The frequency of individual spe-
cies (% F) was expressed as percentage of samples
containing the species to the total number of samples.

Sample-based rarefaction curve was developed us-
ing the software EstimateS, v. 8.0 (COLWELL 2004).
Every site was treated as one sample. The samples
were randomized without replacement. Estimates of
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Fig. 1. Study area and location of the investigated water bodies (1–50). Main river channel – thick line, the network of thin
lines – floodplain streams and drainage ditches



rarefied species richness (SMaoTau) i. e. the expected
species accumulation curve were based on the data of
a resampled total observed species (Sobs) or sample-
-based rarefaction (COLWELL et al. 2004). The
sample-based approach is recommended in the case
of sample heterogeneity (i.e. patchiness) in the data
(GOTELLI & COLWELL 2001). Sample-based rare-
faction curve was used in the assessment of the sam-
pling effort necessary to obtain representative data-
sets (i.e. �70% of the total number of expected spe-
cies richness, according to MACKEY et al. 1984) and

complete ones (i. e. �90% of the expected species
richness, according to THOMPSON et al. 2007). The
expected number of mollusc species was estimated us-
ing non-parametric abundance-based estimators
Chao2 and Jackknife2 (COLWELL 2004).

Spearman’s correlations between the number of
species and abundance of malacocoenoses, as well as
between the number of species, species diversity (H’),
abundance and general environmental characteris-
tics of the investigated habitats were computed with
STATISTICA 6.0.

RESULTS

Thirty eight mollusc species were found: 32 snails
(including 6 prosobranchs) and 6 bivalves (Table 1);
individual sites held from 2 to 18 species (2 to 19 spe-
cies, including molluscs identified on the basis of
empty shells) (Fig. 2). The mean number of species
per site (i. e. species density) was 8.94±4.45 (including
molluscs identified on the basis of empty shells
9.66±4.41). Species diversity (H’) in individual water
bodies ranged from 0.44 to 3.48, in most of them it
was relatively high (Fig. 2). The value of Shan-
non-Weaver’s index exceeded 2 in 64% of all sites.
Species richness and diversity (H’) were positively cor-
related with the macrophyte abundance (r=0.33 and
r=0.30, respectively; p<0.05), whereas a negative influ-
ence of the successional stage and the abundance of
canopy on species diversity was found (r=–0.30 and
r=–0.34, p<0.05).

The rarefaction curve showed an asymptote indi-
cating a rather complete species list (Fig. 3). From 9
to 12 samples (depending on the estimator – Chao2
or Jackknife2) should be enough to complete a repre-
sentative species list (i.e. �70% of the expected spe-
cies number), but as many as 28–40 samples would be
necessary to obtain a complete dataset (�90% of the
expected species number).

In the investigated habitats, planorbids domi-
nated (Planorbarius corneus, Planorbis. planorbis,
Anisus leucostomus, A. septemgyratus, A. vortex,
Segmentina nitida, Bathyomphalus contortus) together
with Stagnicola palustris and the prosobranchs Valvata
macrostoma and V. cristata (Table 1). Dominance pat-
terns were strongly differentiated among individual
water bodies (Fig. 4). In most of them species resis-
tant to drying dominated (S. palustris, P. planorbis, P.

Aquatic malacofauna of temporary water bodies 11

Fig. 2. Numbers of mollusc species (bars) and diversity (H’ – circles) in individual water bodies (1–50, see Appendix and Fig. 1)
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Table 1. The occurrence of molluscs: frequencies (% F) and relative abundances (percentages of individual species within
the investigated water bodies). The values of % F given in parenthesis include also molluscs identified on the basis of
empty shells

Species Frequency of occurrence (% F) Relative abundance (%)

Viviparus contectus (Millet)

Bithynia tentaculata (L.)

B. leachi (Sheppard)

Valvata piscinalis (O. F. Müller)

V. cristata (O. F. Müller)

V. macrostoma Mörch

Lymnaea stagnalis L.

Radix balthica (L.)

Stagnicola palustris (O. F. Müller)

S. corvus (Gmelin)

Catascopia occulta (Jackiewicz)

Galba truncatula (O. F. Müller)

Physa fontinalis (L.)

Aplexa hypnorum (L.)

Acroloxus lacustris (L.)

Planorbarius corneus (L.)

Planorbis planorbis (L.)

P. carinatus O. F. Müller

Anisus vortex (L.)

A. vorticulus (Troschel)

A. leucostomus (Millet)

A. septemgyratus (Rossmässler)

A. spirorbis (L.)

Gyraulus albus (O. F. Müller)

G. laevis (Alder)

G. rossmaessleri (Auerswald)

G. riparius (Westerlund)

G. crista (L.)

Bathyomphalus contortus (L.)

Segmentina nitida (O. F. Müller)

Hippeutis complanatus (L.)

Sphaerium corneum (L.)

Musculium lacustre (O. F. Müller)

Pisidium. nitidum Jenyns

P. casertanum (Poli)

P. milium Held

P. obtusale (Lamarck)

P. subtruncatum Malm

30 (40)

16 (18)

24 (26)

2 (2)

42 (44)

34 (36)

44 (48)

18 (20)

66 (68)

26 (26)

6 (6)

12 (24)

30 (32)

10 (10)

6 (6)

80 (84)

66 (66)

30 (34)

60 (62)

16 (18)

36 (40)

26 (26)

6 (8)

2 (2)

4 (4)

4 (4)

8 (8)

8 (8)

42 (46)

54 (60)

14 (14)

14 (14)

6 (6)

2 (2)

8 (8)

4 (4)

16 (18)

2 (2)

0.40

0.68

0.74

0,01

3.91

6.82

1.55

2.03

5.76

0.80

0.50

0.09

0.98

1.10

004

7.31

22.17

2.00

7.61

0.28

8.08

4.41

0.24

0.02

0.05

0.44

0.44

0.04

3.14

16.90

0.18

0.74

0.13

0.01

0.11

0.13

0.50

0.01



corneus, A. leucostomus, S. nitida, B. contortus, V.
cristata, V. macrostoma, A. septemgyratus), however in
some sites, especially those periodically connected
with the river or permanent water bodies, domi-
nance of molluscs less resistant to desiccation was ob-
served (e. g. P. carinatus, Anisus vortex, L. stagnalis, P.
fontinalis, V. contectus).

Five species reached frequencies of �50% within
the study area: S. palustris, P. corneus, P. planorbis, A.
vortex and S. nitida (Table 1). About 40% of all mol-
lusc species showed frequencies of �10%.

Mollusc abundance ranged from a few to over
1,800 indiv./m2 (Fig. 5), maximum values were noted
in two shallow water bodies located on meadows (sites

19 and 45, see Fig. 1), lacking surface connectivity
with the river and with hydroperiod of up to 90 days,
as well as in a small water body characterised by lon-
ger hydroperiod and temporary hydrological connec-
tivity with the river water (site 32). High abundance in
these habitats was related to great numbers of a few
desiccation-resistant species: V. macrostoma, V. cristata,
P. planorbis, A. leucostomus and S. nitida. However, con-
siderable abundance (620 indiv./m2) due to numer-
ous occurrence of three species – R. balthica, P. planor-
bis and A. vortex - was observed also in a remnant of a
larger water body located close to the river channel,
with a thick layer of dark mud on the bottom and sur-
face covered by Lemna spp. (site 9). The highest abun-
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Fig. 3. Sample-based rarefaction curve of mollusc species richness (SMaoTau) for the study area; successive dashed lines repre-
sent the following values: 70% of the expected species richness, 90% of the expected species richness; expected species
richness calculated using Chao2 and Jackknife2 non-parametric estimators

Fig. 4. Dominance relations in mollusc abundance in individual water bodies (1–50, see Appendix and Fig. 1). Full species
names – see Table 1



dance was reached mainly by snails resistant to drying.
In the case of S. nitida the maximum density exceeded
1,300 indiv./m2, for P. planorbis the respective value
was over 600 indiv./m2. Maximum densities of V.
cristata, V. macrostoma, P. corneus and A. leucostomus
were within the range of 200–300 indiv./m2. For S.
palustris, A. hypnorum, A. septemgyratus and B. contortus
the respective values were up to 100 indiv./m2. Some
species, less resistant to drying out, also reached con-

siderable abundance, e. g. A. vortex (over 400
indiv./m2), or R. balthica (over 170 indiv./m2). The
abundance of bivalve species was rather low (1–49
indiv./m2), the highest density was reached by P.
obtusale. The mean abundance of molluscs in the in-
vestigated water bodies was 233.78±312.98 indiv./m2.
The abundance of molluscs was correlated with the
number of species (r=0.32, p<0.05).

DISCUSSION

Mollusc communities inhabiting many temporary
water bodies of the lower Bug River floodplain exhi-
bited considerable species richness and diversity. It
was partially consistent with the observations of
OBRDLIK & FUCHS (1991), who reported the highest
species richness from small water bodies within the
active floodplain of the Rhine River. However, consid-
erable species richness and diversity were found not
only within the natural floodplain of the lower Bug
River, but also in some habitats located within the ac-
tive one, constrained by flood control embankment,
as well as in the former one. They were probably re-
lated to the long duration of most of the investigated
water bodies (up to 8–9 months and longer) and the
presence of not only highly drought-resistant species,
but also some other species, probably originating
from permanent waters. Development of specialised
drought-resistant communities (e.g. WIGGINS et al.
1980, SMITH & PEARSON 1987) takes place when the
hydroperiod is short (3–4 months). The periodical
hydrological connectivity with permanent water
bodies or the river channel could enable dispersal of

some species, thus increasing the species richness of
temporary habitats.

The number of species found in the present study
included six new species not recorded during the ear-
lier investigations (JURKIEWICZ-KARNKOWSKA 2009):
G. albus, G. riparius, G. rossmaessleri, M. lacustre, P. sub-
truncatum and P. milium. The occurrence of two spe-
cies (V. viviparus and P. hibernicum), found earlier as
single individuals, was not confirmed. These changes
result from the increased number of investigated hab-
itats and incidental occurrence of many species.

The habitats investigated in this study were mainly
flooded meadows remaining at the relatively young
stages of succession due to rejuvenation by alternative
operation of flooding and desiccation. Some other
habitats, representing remnants of old overgrowing
water bodies, were mostly characterised by low diver-
sity and species richness. A considerable effect of sur-
face hydrological connectivity with permanent water
bodies or river water on the species richness could be
observed in a number of temporary habitats where
less drought-resistant species constituted a significant
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Fig. 5. Abundance of molluscs in individual water bodies (1–50, see Appendix and Fig. 1)



part of the malacocoenoses (e.g. sites 2, 6, 8, 9, 12, 13,
21, 22, 24, 25, 34, 47, see Figs 1, 4).

The distinct character of the communities inhabit-
ing temporary water bodies and the wide variation in
their structure confirm the earlier observations,
based on a smaller number of such habitats
(JURKIEWICZ-KARNKOWSKA 2008, 2009) and the re-
sults of other authors (e.g. OBRDLIK & GARCIA-
LOZANO 1992, WILLIAMS 1998, BILTON et al. 2009).
Such habitats may be important biodiversity spots.
The great contribution of temporary water bodies to
the regional diversity is related both to the high habi-
tat diversity determined by the variety of combina-
tions of numerous factors and variability of faunal
composition. About 40% of all mollusc species found
in the temporary water bodies showed frequencies of
�10%. Low frequencies may result from accidental
colonisation of these habitats, where many dispersal
and extinction events may have taken place (e. g.
LASSEN 1975). The great variability of the structure
and composition of the malacocoenoses may be re-
lated to dynamic changes of abiotic and biotic param-
eters. Among biotic factors, the quality and quantity
of food may play an important role (e.g. FRÖMMING

1956). They change considerably during the year
(BÄRLOCHER et al. 1978). Snails are the main compo-
nents of malacofauna in small water bodies, especially
temporary ones. They have unspecialised food re-
quirements (e. g PIECHOCKI 1979) and this may be
conducive to competition.

A relatively high number of samples (28–40 de-
pending on the estimator used – Jackknife 2 or
Chao2) would be necessary to attempt compiling a
complete list (i. e. �90% of the expected number of
species) of mollusc species within temporary and
much drying water bodies in the lower Bug River val-
ley. In the present study, including 50 water bodies,
the investigated habitats were sampled with
92.5–97.5% completeness. In the previous investiga-
tions temporary habitats were inventoried with
70.9–80.2% completeness , with 20 samples
(JURKIEWICZ-KARNKOWSKA 2009).

ACKNOWLEDGEMENTS

This study was a part of research project No
N30511731/3934 financed by the Ministry of Science
and Higher Education.

REFERENCES

BÄRLOCHER F., MACKAY R. J., WIGGINS G. B. 1978. Detritus
processing in a temporary vernal pool in southern On-
tario. Arch. Hydrobiol. 81: 260–295.

BILTON D. T., MCABENDROTH L. C., NICOLET P., BEDFORD
A., RUNDLE S. D., FOGGO A., RAMSAY P. M. 2009. Ecology
and conservation status of temporary and fluctuating
ponds in two areas of southern England. Aquat. Conserv.
19: 134–146.

CASTELLA E., RICHARDOT-COULET M., ROUX C., RICHOUX P.
1984. Macroinvertebrates as “describers” of morphologi-
cal and hydrological types of aquatic ecosystems aban-
doned by the Rhone River. Hydrobiologia 119: 219–225.

CASTELLA E., RICHARDOT-COULET M., ROUX C., RICHOUX P.
1991. Aquatic macroinvertebrate assemblages of two
contrasting floodplains: the Rhône and Ain rivers,
France. Regul. Rivers 6: 289–300.

CATALOGUE 2007. Catalogue of Life: Dynamic checklist.
www.catalogueoflife.org/dynamic-checklist.php.

CÉRÉGHINO R., RUGGIERO A., MARTY P., ANGÉLIBERT S.
2008. Biodiversity and distribution patterns of freshwater
invertebrates in farm ponds of a south-western French
agricultural landscape. Hydrobiologia 597: 43–51.

CLECOM 2002. Checklist of species-group taxa of continental
Mollusca living in Poland, CLECOM project, Section I.
www.gnm.se/gnm/clecom/clecom.

COLWELL R. K. 2004. EstimateS: Statistical Estimation of Spe-
cies Richness and Shared Species from Samples. Version
8.0. Available at http://viceroy.eeb.uconn.edu/estimates.

COLWELL R. K., MAO C. X., CHANG J. 2004. Interpolating, ex-
trapolating, and comparing incidence-based species ac-
cumulation curves. Ecology 85: 2717–2727.

DOJLIDO J., KOWALCZEWSKI W., MI£ASZEWSKI R., OSTROWSKI
J. (eds). 2003. Rzeka Bug, zasoby wodne i przyrodnicze.
IMGW, Warsaw.

FOECKLER F., DIEPOLDER U., DEICHNER O. 1991. Water mol-
lusc communities and bioindication of lower Salzach
floodplain waters. Regul. Rivers 6: 301–312.

FRÖMMING E. 1956. Biologie der mitteleuropäischen
Süsswasserschnecken. Dunker and Humbolt, Berlin.

GOTELLI N. J., COLWELL R. K. 2001. Quantifying biodiver-
sity: procedures and pitfalls in the measurement and
comparison of species richness. Ecol. Lett. 4: 379–391.

JURKIEWICZ-KARNKOWSKA E. 2006. Communities of aquatic
molluscs in floodplain water bodies of lowland river
(Bug River, East Poland). Pol. J. Ecol. 54: 253–266.

JURKIEWICZ-KARNKOWSKA E. 2008. Aquatic mollusc commun-
ities in riparian sites of different size, hydrological con-
nectivity and succession stage. Pol. J. Ecol. 56: 99–118.

JURKIEWICZ-KARNKOWSKA E. 2009. Diversity of aquatic mala-
cofauna within a floodplain of a large lowland river
(lower Bug River, eastern Poland). J. Moll. Stud. 75:
223–234.

LASSEN H. H. 1975. The diversity of freshwater snails in view
of the equilibrium theory of island biogeography.
Oecologia 19: 1–8.

MACKEY A. P., COOLING D. A., BERRIE A. D. 1984. An evalu-
ation of sampling strategies for qualitative surveys of
macro-invertebrates in rivers, using pond nets. J. Appl.
Ecol. 21: 515–534.

MARGALEF R. 1958. Information theory in ecology. Gen.
Syst. 3: 31–76.

Aquatic malacofauna of temporary water bodies 15



OBRDLIK P., FUCHS U. 1991. Surface water connection and
the macrozoobenthos of two types of floodplains on the
upper Rhine. Regul. Rivers 6: 279–288.

OBRDLIK P., GARCIA-LOZANO L. C. 1992. Spatio-temporal dis-
tribution of macrozoobenthos abundance in the Upper
Rhine alluvial floodplain. Arch. Hydrobiol. 124:
205–224.

PIECHOCKI A. 1969. Miêczaki (Mollusca) rzeki Grabi i jej
terenu zalewowego. Fragm. Faun. 15: 111–197.

PIECHOCKI A. 1979. Miêczaki (Mollusca). Œlimaki
(Gastropoda). Fauna S³odkowodna Polski 7. PWN,
Warszawa-Poznañ.

PIECHOCKI A., DYDUCH-FALNIOWSKA A. 1993. Miêczaki
(Mollusca). Ma³¿e (Bivalvia). Fauna S³odkowodna Polski
7A. PWN, Warszawa.

RICHARDOT-COULET M., CASTELLA E., CASTELLA C. 1987.
Classification and succession of former channels of
French Upper Rhône alluvial plain using Mollusca.
Regul. Rivers 1: 111–127.

SMITH R. E. W., PEARSON R. G. 1987. The macro-inverte-
brate communities of temporary pools in an intermittent
stream in tropical Queensland. Hydrobiologia 150:
45–61.

THOMPSON G. G., THOMPSON S. A., WITHERS P. C., FRASER J.
2007. Determining adequate trapping effort and species
richness using species accumulation curves for environ-
mental impact assessments. Aust. Ecol. 32: 570–580.

WEIGAND E., STADLER F. 2000. Die aquatischen Mollusken
der Regelsbrunner Au. Abh. Zool.-Bot. Ges. Osterreich
31: 99–124.

WIGGINS G. B., MACKAY R. J., SMITH I. M. 1980. Evolutionary
and ecological strategies of animals in annual temporary
ponds. Arch. Hydrobiol., Suppl. 58: 97–206.

WILLIAMS D. D. 1998. Temporary ponds and their inverte-
brate communities. Aquat. Conserv. 7: 105–117.

Received: February 15th, 2010
Accepted: December 1st, 2010

16 Ewa Jurkiewicz-Karnkowska



Aquatic malacofauna of temporary water bodies 17
A

p
p

en
d

ix

G
en

er
al

ch
ar

ac
te

ri
st

ic
s

o
f

th
e

50
in

ve
st

ig
at

ed
w

at
er

b
o

d
ie

s
(s

it
es

1–
50

,s
ee

Fi
g.

1)
;l

o
ca

ti
o

n
:1

–
n

at
u

ra
lf

lo
o

d
p

la
in

,2
–

ac
ti

ve
fl

o
o

d
p

la
in

co
n

st
ra

in
ed

b
y

th
e

em
b

an
km

en
t,

3
–

o
u

ts
id

e
th

e
em

b
an

km
en

t;
su

cc
es

si
o

n
al

st
ag

e:
1

–
yo

u
n

g,
m

ai
n

ly
fl

o
o

d
ed

m
ea

d
o

w
s,

2
–

m
ed

iu
m

st
ag

es
o

fs
u

cc
es

si
o

n
,3

–
o

ld
,w

it
h

ad
va

n
ce

d
su

cc
es

si
o

n
;h

yd
ro

lo
gi

ca
lc

o
n

n
ec

ti
v-

it
y:

1
–

is
o

la
te

d
w

at
er

b
o

d
ie

s,
2

–
su

b
su

rf
ac

e
co

n
n

ec
ti

vi
ty

,3
–

te
m

p
o

ra
ry

co
n

n
ec

ti
vi

ty
w

it
h

p
er

m
an

en
t

w
at

er
b

o
d

ie
s,

4
–

p
o

ss
ib

il
it

y
o

f
te

m
p

o
ra

ry
su

rf
ac

e
co

n
n

ec
ti

vi
ty

w
it

h
th

e
ri

ve
r

w
at

er
;h

yd
ro

p
er

io
d

le
n

gt
h

:1
–

<9
0

d
ay

s,
2

–
�

90
d

ay
s;

m
ac

ro
p

h
yt

e
ab

u
n

d
an

ce
:1

–
sp

ar
se

o
cc

u
rr

en
ce

,2
–

m
o

d
er

at
e

o
cc

u
rr

en
ce

,3
–

d
en

se
co

ve
r;

ca
n

o
p

y
ab

u
n

d
an

ce
:1

–
sp

ar
se

o
cc

u
rr

en
ce

,
2

–
m

o
d

er
at

e
o

cc
u

rr
en

ce
,

3
–

ab
u

n
d

an
t

o
cc

u
rr

en
ce

N
u

m
be

r
of

si
te

G
eo

gr
ap

h
ic

co
-o

rd
in

at
es

L
oc

at
io

n
A

p
p

ro
xi

m
at

e
si

ze
(m

2 )
D

ep
th

(m
)

Su
cc

es
-

si
on

al
st

ag
e

H
yd

ro
lo

gi
ca

l
co

n
n

ec
ti

vi
ty

H
yd

ro
p

er
io

d
le

n
gt

h
M

ac
ro

p
h

yt
e

ab
u

n
d

an
ce

V
eg

et
at

io
n

ab
u

n
d

an
ce

1
N

52
°
21

.6
72

’
E

22
°
52

.2
99

’
1

20
0–

50
0

<0
.5

1
4

1
3

1

2
N

52
°
22

.0
71

’
E

22
°
52

.1
72

’
1

>5
00

<0
.5

3
2

2
3

3

3
N

52
°
21

.5
65

’
E

22
°
52

.1
39

’
1

20
0–

50
0

<0
.5

3
2

2
3

3

4
N

52
°
22

.2
55

’
E

22
°
50

.3
17

’
1

20
0–

50
0

<0
.5

3
1

2
3

2

5
N

52
°
22

.8
67

’
E

22
°
42

.8
63

’
2

<2
00

<0
.5

1
4

1
3

0

6
N

52
°
22

.8
70

’
E

22
°
42

.8
35

’
1

>5
00

�
0.

5
2

4
2

3
0

7
N

52
°
23

.1
28

’
E

22
°
40

.7
46

’
1

<2
00

<0
.5

1
1

1
3

0

8
N

52
°
24

.6
62

’
E

22
°
34

.0
03

’
1

<2
00

<0
.5

1
3

2
2

1

9
N

52
°
24

.8
01

’
E

22
°
33

.7
95

’
1

20
0–

50
0

<0
.5

2
2

2
3

0

10
N

52
°
31

.7
62

’
E

22
°
30

.7
28

’
2

<2
00

<0
.5

2
3

1
0

3

11
N

52
°
36

.4
13

’
E

22
°
23

.9
65

’
3

>5
00

�
0.

5
1

2
2

3
0

12
N

52
°
37

.2
94

’
E

22
°
23

.4
34

’
1

>5
00

<0
.5

2
4

2
3

0

13
N

52
°
37

.3
18

’
E

22
°
22

.3
64

’
2

>5
00

<0
.5

1
4

1
3

0

14
N

52
°
39

.2
37

’
E

22
°
20

.3
11

’
3

<2
00

<0
.5

2
3

1
3

2

15
N

52
°
39

.6
17

’
E

22
°
19

.5
23

’
3

<2
00

<0
.5

3
1

1
2

3

16
N

52
°
39

.8
60

’
E

22
°
17

.5
28

’
2

>5
00

<0
.5

1
1

1
3

0

17
N

52
°
39

.8
49

’
E

22
°
11

.4
94

’
3

20
0–

50
0

<0
.5

1
2

1
3

1

18
N

52
°
40

.3
16

’
E

22
°
16

.9
13

’
3

<2
00

�
0.

5
2

1
2

3
0

19
N

52
°
40

.9
63

’
E

22
°
15

.4
38

’
3

20
0–

50
0

<0
.5

1
2

1
3

0

20
N

52
°
40

.9
95

’
E

22
°
15

.3
36

’
2

<2
00

�
0.

5
2

4
2

3
0

21
N

52
°
41

.0
23

’
E

22
°
15

.2
04

’
2

<2
00

<0
.5

1
4

1
3

0

22
N

52
°
41

.0
48

’
E

22
°
15

.0
01

’
3

<2
00

<0
.5

1
2

1
3

0



18 Ewa Jurkiewicz-Karnkowska
N

u
m

be
r

of
si

te
G

eo
gr

ap
h

ic
co

-o
rd

in
at

es
L

oc
at

io
n

A
p

p
ro

xi
m

at
e

si
ze

(m
2 )

D
ep

th
(m

)
Su

cc
es

-
si

on
al

st
ag

e
H

yd
ro

lo
gi

ca
l

co
n

n
ec

ti
vi

ty
H

yd
ro

p
er

io
d

le
n

gt
h

M
ac

ro
p

h
yt

e
ab

u
n

d
an

ce
V

eg
et

at
io

n
ab

u
n

d
an

ce

23
N

52
°
41

.0
66

’
E

22
°
.1

4.
87

4’
3

<2
00

<0
.5

1
2

1
3

0

24
N

52
°
41

.3
18

’
E

22
°
09

.5
24

’
3

20
0–

50
0

<0
.5

1
3

1
3

0

25
N

52
°
41

.4
58

’
E

22
°
06

.5
73

’
3

<2
00

<0
.5

1
2

1
2

0

26
N

52
°
40

.5
22

’
E

21
°
57

.3
32

’
3

<2
00

�
0.

5
1

1
2

2
1

27
N

52
°
41

.6
99

’
E

21
°
52

.9
99

’
3

<2
00

�
0.

5
1

1
2

2
2

28
N

52
°
41

.6
97

’
E

21
°
52

.9
82

’
2

<2
00

�
0.

5
2

3
2

2
1

29
N

52
°
41

.6
91

’
E

21
°
52

.9
80

’
2

20
0–

50
0

�
0.

5
2

3
2

3
0

30
N

52
°
41

.4
32

’
E

21
°
52

.9
11

’
3

<2
00

�
0.

5
1

1
1

2
1

31
N

52
°
41

.1
33

’
E

21
°
52

.8
26

’
3

<2
00

<0
.5

1
1

1
3

1

32
N

52
°
41

.5
14

’
E

21
°
52

.0
17

’
1

20
0–

50
0

�
0.

5
3

2
2

3
3

33
N

52
°
.4

1.
51

5’
E

21
°
51

.9
34

’
1

<2
00

�
0.

5
1

3
1

2
0

34
N

52
°
41

.4
78

’
E

21
°
51

.5
29

’
1

<2
00

�
0.

5
2

3
2

2
0

35
N

52
°
41

.5
97

’
E

21
°
51

.5
10

’
1

20
0–

50
0

�
0.

5
2

3
2

2
0

36
N

52
°
41

.6
17

’
E

21
°
51

.4
90

’
3

20
0–

50
0

<0
.5

3
1

1
3

2

37
N

52
°
.4

1.
60

5’
E

21
°
51

.4
79

’
2

<2
00

�
0.

5
2

3
2

3
1

38
N

52
°
41

.1
11

’
E

21
°
49

.6
79

’
3

>5
00

�
0.

5
1

2
2

3
0

39
N

52
°
40

.6
77

’
E

21
°
48

.9
72

’
1

20
0–

50
0

<0
.5

1
3

1
3

0

40
N

52
°
40

.6
05

’
E

21
°
47

.2
47

’
1

<2
00

<0
.5

1
1

1
3

0

41
N

52
°
40

.6
00

’
E

21
°
47

.3
50

’
1

>5
00

<0
.5

3
2

2
3

3

42
N

52
°
39

.9
94

’
E

21
°
47

.2
56

’
1

>5
00

<0
.5

3
1

2
3

2

43
N

52
°
40

.0
59

’
E

21
°
47

.1
36

’
1

>5
00

<0
.5

3
2

2
3

3

44
N

52
°
39

.1
58

’
E

21
°
46

.3
55

’
1

>5
00

�
0.

5
2

4
2

3
0

45
N

52
°
39

.4
10

’
E

21
°
45

.1
48

’
1

<2
00

�
0.

5
2

4
2

2
0

46
N

52
°
39

.0
46

’
E

21
°
44

.6
48

’
1

<2
00

<0
.5

1
4

1
3

0

47
N

52
°
39

.1
11

’
E

21
°
44

.0
29

’
1

<2
00

<0
.5

1
2

1
3

0

48
N

52
°
36

.3
05

’
E

21
°
38

.4
39

’
3

<2
00

<0
.5

1
1

1
2

0


