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Abstract: Spatial patterns in macroinvertebrate communities and some abiotic factors were examined in three rheocrene
springs and their springbrooks (Krakéw-Czestochowa Upland, southern Poland). The mean discharge of particular springs
ranged from 5 to 11 L s™*, and its annual fluctuations were small. Water temperature was very stable at all sampling sites.
In the eucrenon the number of benthic taxa was the smallest (9-14 determined to the family level), but the densities were
the highest (approx. 14000 ind. m~?2). The biggest changes in macroinvertebrate composition were observed in the modified
hypocrenon, which is an artificial pond. The lowest number of taxa were found in a natural, short springbrook with a non-
diversified bottom substrate. The density of crenophilic taxa (Drusus trifidus, Dugesia gonocephala, Elmidae) diminished
along the springbrooks, while the opposite trend was observed for ubiquitous taxa (some Oligochaeta, Asellus aquaticus
and Chironomidae). Even in a very short natural springbrook (30 m), Drusus trifidus, the only species of Trichoptera found
in the springs discussed here, goes through the entire development cycle. The strongest influence of a big river was observed
at the outflow of one of the natural springbrooks, where the highest number of riverine oligochaete species were found. The
benthic fauna of the springs studied here differed from that found in other springs in this area — the absence of the typical
crenophilic species Bithynella austriaca (Gastropoda) and the presence of Gianus aquedulcis (Oligochaeta) may indicate
the autonomy of the spring fauna in the Mstéw area, possibly resulting from the postglacial geomorphological formation of

this region or differences in habitat conditions.
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Introduction

Freshwater springs, as aquatic habitats, are known for
their unique properties, such as relatively stable phys-
ical and chemical conditions (Glazier 1991; Goch &
Glazier 1991; Van der Kamp 1995). Owing to their
stenothermy, organisms living there (crenobionts and
crenophiles) are well adapted to such conditions (Boto-
saneanu 1998; Cantonati et al. 2006). As the distance
from the spring increases, physico-chemical parameters
of the water rapidly change, affecting the composition
and structure of the benthic community (Smith et al.
2003; Von Fumetti et al. 2007; Barquin & Death 2011).
A stable discharge is exceptionally rare; in most cases
seasonal fluctuations are observed. Discharge changes
may influence the deposition or washing out of ben-
thic organic matter (Fischer & Likens 1973), which in
turn may cause differences in community composition
(Mc Cabe 1998). Generally, in springs with a higher
discharge, benthic fauna is more diverse, as it includes
species not found in springs characterized by a small
discharge (Lindegaard et al. 1998).
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An earlier investigation of 25 springs situated in
the Krakéw-Czestochowa Upland (southern Poland)
showed that, although similar in their physico-chemical
parameters, they differed more considerably in the
mean discharge value, substratum type and sediment
organic matter content (Galas 2005), which strongly
affected the taxonomic richness of their benthic fauna
(Dumnicka et al. 2007; Koperski et al. 2011).

Most of the springs in the Krakéw-Czestochowa
Upland are of the rheocrene and rheo-limnocrene type
(Dynowska 1983; Chehlmicki 2001), and until now bi-
ological studies have been performed in spring niches
only (Czachorowski 1990; Biesiadka et al. 1990; Dum-
nicka, 2006; Koperski et al. 2011). Generally, few stud-
ies have compared benthic communities in springs (eu-
crenon) with those in springbrooks (hypocrenon) (Mc-
Cabe & Sykora 2000; Smith 2002; Barquin & Death
2004, 2011). The above studies were conducted along
a distance of up to 1 km downstream from the spring
under various climatic conditions, whereas Resh (1983)
and Von Fumetti et al. (2007) investigated very short
natural springbrooks. Data from the 1950s to the 1990s
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on the physical changes along the course of spring-
brooks and on the responses of benthic macroinverte-
brate communities to these changes were gathered by
Mc Cabe (1998). He discussed a complex of abiotic fac-
tors determining the distribution of macroinvertebrates
in springs and natural springbrooks.

The abiotic parameters of the three springs stud-
ied here were similar, whereas the springbrooks differed
in both the length and bottom character. Two spring-
brooks were natural, and the third formed an encased
pond. The main aim of this study was to test the hy-
pothesis that the composition of the benthic commu-
nity (with special regard to Oligochaeta taxa) and the
density of specific taxa depend on the character of the
springbrook, especially its bottom substrate. Moreover,
the effect exerted on the benthic fauna by a big river

(Warta River) into which the springbrooks flow was also
studied.

Material and methods

The three karstic springs and their springbrooks are located
on the edge of the Krakéw-Czestochowa Upland and flow
into the Warta River near the village of Mstéw (Fig. 1).
They drain strongly karstified Oxford and Rauracian limne-
stones and marls (Dynowska 1983), covered by sands and
boulder clay (Chelmicki 2001). All three springs are rheocre-
nic and belong to a hillside, fissure and descending type.
The area of the spring niche is small — approximately 1 m?.
The springs and springbrooks 1 and 2 have a natural char-
acter; their location, hydrology and water chemistry have
already been shortly described (Dynowska 1983; Chelmicki
2001). The bottom is mostly stony in all three springs but
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Fig 1. Sampling area with the location of the studied springs.

Table 1. Characteristics of the sampling sites.

Sampling site name Code  Substrate composition (%) Distance from Discharge
spring source (m) (Ls™h)

Spring 1 (S1) pebbles, small stones (95), vegetation (5) 0 5, ¥

Springbrook:

middle part 1 (M1)  pebbles (95), vegetation (5) 15

outflow to river 1 (01) sand (90), pebbles (5), vegetation (5) 30

Spring 2 (S2) pebbles, small stones (80), sand (20) 0 40%, 16.8*%*, 10.7

Springbrook:

middle part 2 (M2)  pebbles, small stones (85), sand (10), vegetation (5) 25-27

outflow to river 2 (02) pebbles, small stones (70), sand (25), vegetation (5) 50

Spring 3 (S3) small stones (90), sand (10) 0 8

Springbrook (pond):

middle part 3 (M3)  sand (95), vegetation, detritus (5) 34

outflow to river 3 (03) sand (75), detritus, mud (20), vegetation (5) 9-10

Warta River sand (90), mud (10)

25.400.000***

Explanations: * Dynowska (1983), ** Chelmicki (2001), *** mean discharge of Warta River, calculated for 30 years at Dzialoszyn town

(below Mstéw village).
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more diversified in the very short springbrooks (Table 1).
Spring 3 flows into a small pond, constructed 50 years ago,
but its earth banks are still preserved along with two out-
flows by weirs: one to the Warta River, the other to another
pond (Dumnicka 2009). Patches of Phragmites australis pre-
vailed near the banks of springbrook 1 and the Warta River,
whereas other emergent plants were found in the other two
springbrooks (Berula erecta, Sparganium ramosum, Men-
tha aquatica). Moreover, Veronica beccabunga was found in
springbrook 2.

Samples of benthic macroinvertebrates, water and sed-
iment were collected from the springs: S1, S2 and S3, the
middle parts of the springbrooks: M1, M2, M3 and from
the springbrook outflows to the Warta River: O1, 02, O3.
One site in the Warta River between springbrooks 1 and 2
was also sampled. Sites S1, M1, Ol were sampled in June,
July, September and October 2008; S2, M2, 02, S3, M3,
03 were sampled in April, July and November 2007 as well
as February 2008, the Warta River only in February and
June 2008. Additionally, in S2, discharge, conductivity and
oxygen saturation were measured every month from 2007
to 2008 starting in January. Data from the physical and
chemical analyses of water (maximum, minimum and av-
erage values in the Warta River for January — December
2008 were obtained from the Voivodeship Inspectorates of
Environmental Protection in Katowice (VIEP).

Temperature, pH and conductivity were measured
in situ with a portable probe (Elmetron pH-meter CX-
742). Water samples for oxygen analysis were taken into
glass bottles and analysed in a laboratory by the Win-
kler method. The nitrate content was analyzed in a lab-
oratory by ion chromatography IC DX — 320 with an
analytic column AS15 4 mm (DIONEX). Monthly dis-
charge for 2007-2008 was measured by the float method
(http://www.usbr.gov/pmts/hydraulics lab/pubs/wmm/
chap13 10.html).

The mean value of precipitation for 2007-2008 was ob-
tained from the Institute of Meteorology and Water Man-
agement.

Macroinvertebrates (two samples per site) were col-
lected from fine sediments with a plastic corer (4 cm in
diameter), which was driven into the substratum to a depth
of 5 cm. One sample was also taken from the coarse substra-
tum with a bottom scraper (15x15 cm frame with a 0.2 mm
mesh). Benthic invertebrates from all samples were sorted
under a stereo-microscope and preserved in 4% formalde-
hyde. Oligochaeta, Amphipoda, Isopoda, Plecoptera, Tri-
choptera, Ephemeroptera and Gastropoda were identified
to the species level, and almost all other taxonomic groups
were identified to the family level. Fauna densities were cal-
culated separately for fine and coarse sediments, and the
mean value for the two types of substrates was used for
further procedure.

The fine sediment samples remaining after inverte-
brates had been removed were dried to a constant weight
at 105°C and weighed. The organic matter content was de-
termined after igniting the sediment at 550°C for 2 h. The
results were expressed as the percentage of organic matter.
Altogether, 96 fauna samples, 53 sediment samples and 59
water samples were collected during the study period.

Statistics

The distribution of variables such as precipitation, dis-
charge, oxygen saturation and conductivity did not signifi-
cantly differ from the normal one (P > 0.05, Shapiro-Wilk
test), and Pearson correlations for discharge vs. the other
parameters were calculated.
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Fig. 2. Annual values (min, max and SD) of: A — water temper-
ature, B — nitrates, C — organic matter in sediments.

Because the number of benthic fauna samples collected
from each site was small, the annual mean was used for
further calculations. The variability of the densities of the
prevailing taxa between sampling sites: S, M and O were
calculated with a non-parametric Kruskal-Wallis test. All
calculations were performed with STATISTICA 5.0.

Results

Water and sediments

Over the two-year study period the mean monthly pre-
cipitation value varied from 14 to 100 mm (Fig. 2A).
Small differences in the amount of precipitation be-
tween hydrological years 2007 and 2008 were observed.
Over the same time, the discharge measured monthly
in S2 changed from 4.1 L s~! in September 2007 to
20.4 L s7! in March 2008 (the mean value was 8.3 L1
in 2007 and 12.9 L s~! in 2008). The maximal value of
spring discharge was measured a few months after the
maximal precipitation.
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Fig. 3. Mean monthly values of: A — precipitation, B — conduc-
tivity, C — oxygen saturation compared with discharge changes.

During seasonal studies, water oxygen saturation
levels varied from 46 to 102% O3, and were similar re-
gardless of the place of sampling: S, O and M, while
over the two-year study period these changes fluctu-
ated more widely (Fig. 2B) and were weakly positively
correlated with discharge values (r = 0.43, P = 0.056).

Temperature at all sampling sites (except for the
sampling site in the Warta River) was very stable, even
at M3 and O3, which were situated within the pond
(Fig. 3A). The mean temperature was 9.9°C, ranging
from 9.3 to 10.1°C, except for site 02 (9.5-13.9°C, mean
10.6 C), which is flat, shallow and temporarily flooded
by the Warta River. All sites had slightly alkaline wa-
ters with the mean pH value ranging from 7.34 to 7.8.
The concentrations of NO3 at all sites were high, with
the highest values for S1, M1 and O1 (22.6 mg L™1!)
(Fig. 3B). At the sampling point in the Warta River the
content of nitrates was much lower —only 12.2 mg L~! —
during seasonal studies. A somewhat wider annual am-
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Fig. 4. Mean macroinvertebrate densities and the number of taxa
found at the sampling sites.

plitude was found during monthly studies performed by
VIEP (Fig. 3B). At all sites, the organic matter con-
tent was fairly low, with a mean value of 0.9% OM
(0.3-2.4%), although the results for sites S1, M1 and
O1 come from one sampling period only (Fig. 3C). At
the sampling point in the Warta River the results were
similar.

Fauna

Twenty-six families and three higher taxa (Nematoda,
Ostracoda and Hydracarina) were found in the three
eucrenon and hypocrenon zones, but only ten families
were found in the Warta River. Some families were
represented by single species. These included domi-
nant species collected at all sampling sites: Gammarus
fossarum, Drusus trifidus and Dugesia gonocephala,
as well as species represented by only a few spec-
imens at one or two sampling sites: Baetis alpinus
(Ephemeroptera), Nemurella picteti, Nemoura cinerea
(Plecoptera), Niphargus tatrensis (Amphipoda) and
Ancylus fluviatilis (Gastropoda).

The number of taxa found in the springs varied
from 9 to 14, while in the springbrooks greater vari-
ability was observed (Fig. 4). The densities of benthic
fauna in the three springs were similar, but in the other
zones they differed distinctly, and the lowest values were
noted in the middle parts of the two natural spring-
brooks. In the modified springbrook, the density was
almost the same at M3 and S3. In the Warta River the
fauna density was lower compared with the other sites.

Typically crenophilic taxa: Drusus trifidus, coleo-
pteran larvae from the family Elmidae and Dugesia
gonocephala were found at all sites, with the highest
densities noted in the springs (Fig. 5). A statistically
significant decrease in the density was found for D. tri-
fidus at all sites below springs, whereas for the other
taxa only at M2 and M3 (Fig. 5). Several taxa, such
as Asellus aquaticus, Ostracoda and Hydracarina, were
absent at S1, M1, O1, but they were the most numer-
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Fig. 5. Longitudinal changes of in the densities of selected invertebrate taxa; * P < 0.05-0.01, ** P < 0.01-0.001, *** P < 0.001.

ous at S3, M3, O3. Their densities usually increased
from S to O, and differences in the densities were sta-
tistically significant (Fig. 5), especially at S3, M3, O3.
Similar density changes were observed for Gammarus
fossarum. Most of the above mentioned taxa were not
found in the Warta River.

Changes in the density of the five larval stages of
Drusus trifidus at S1, M1 and O1, where the samples

were taken during the whole development season, are
shown in Fig. 6. First-instar larvae were the most nu-
merous in June and July at S1. Their densities were
distinctly lower in the following months at site S1 and
at all sampling times at the other two sites (M1, O1)
(Fig. 6). The density of second-instar larvae increased
from June (748 ind. m~2) to the maximum in Septem-
ber (2684 ind. m~2) at S1. At M1 the most abundant
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Fig. 6. Density of the larval stages of Drusus trifidus at the S1, M1 and O1 sites during the study period.

stage was the second instar in September (3540 ind.
m~2), whereas at the outflow to the river the density
of larvae in all stages of development was low, and in
September and October third- and fourth-instar larvae
prevailed (Fig. 6).

Oligochaetes were found at all sampling points, but
they were the most numerous in the Warta River (Ta-
ble 2). The smallest number of oligochaetae taxa were
present in spring S1 and in its springbrook, whereas the
greatest number of species were found at O2. The influ-
ence of the Warta River on species composition could
be seen in springbrooks, where such typically riverine
species as Aulodrilus pluriseta, Tubifex ignotus and T.
tubifex were noted (Table 2). Nais elinguis, a ubiquitous
species, was able to survive even at S2. Rhyacodrilus
falciformis, characteristic of karstic waters, was found
at S3, M3 and O3 exclusively.

The most characteristic oligochaete species ob-
served in springs situated in the Mstéw area was Gi-
anius aquedulcis, a species typical of interstitial waters.

Moreover, at S2 two other subterranean aquatic taxa
were found: Cernosvitovilla parviseta and Trichodrilus
Sp. juv.

Although in principle only benthic fauna was stud-
ied here, some semi-aquatic or soil species were also
found (Marionina argentea, Mesenchytraeus armatus,
Henlea nasuta, Cognettia sphagnetorum).

Discussion

All springs were permanent, fed from the same deep
water-yielding stratum. The discharge of S2 has dimin-
ished distinctly since the 1970s, probably because of a
change in hydrological conditions (a road has been built
just above S2), whereas the discharge of the natural
spring at S1 did not change (Dynowska 1983; Chehmicki
2001). The changeability index (Pazdro & Kozerski
1990) for S2 calculated for 2007 and 2008 was 3.9 and
3.5, respectively, which means that the discharge was
relatively stable during these two years. This was re-
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Table 2. Species/taxa of Oligochaeta (ind. m~2) found at all sites.

Species/taxons S1 M1
Stylodrilus heringianus Claparede, 1862 216

Nais bretscheri Michaelsen, 1899 6

Nais simplex Piguet, 1906 11 6
Gianius aquedulcis (Hrabég,1960) 210
Nais elinguis O.F. Miiller, 1774 50
Nais communis O.F. Miller, 1774 6

Aulodrilus pluriseta (Piguet, 1906)

Tubifex tubifex (O.F. Miiller, 1774)
Cernosvitoviella parviseta Gadzinska, 1974
Trichodrilus sp. juv.

Henlea nasuta (Eisen, 1878)

Nais variabilis Piguet, 1906

Cognettia sphagnetorum Vejdovsky, 1877
Cernosvitoviella atrata (Bretscher, 1903)
Marionina argentea (Michaelsen, 1889)
Tubifex ignotus Stolc, 1886

Uncinais uncinata (Oersted,1842)

Pristina idrensis Sperber, 1948
Limnodrilus hoffmeister: Claparede, 1862
Chaetogaster diaphanus (Gruithuisen, 1828)
Limnodrilus udekemianus Claparede, 1862
Mesenchytraeus armatus (Levinsen, 1884)
Eiseniallea tetraedra (Savigny, 1826)
Propappus volki Michaelsen, 1916
Rhyacodrilus falciformis Bretscher, 1901

Explanations: For sampling site codes see Table 1.

flected in the chemical parameters of waters and the
stability of the bottom substrate.

A relatively high mean water temperatures con-
firmed deep alimentation of these springs. Erman &
Erman (1995) defined the boundary of the eucrenon
(spring) as the point where water temperature differs
from that in its springbrook by 2°C, but temperature
in the springs and springbrooks studied here was al-
most the same. Despite the absence of a thermal gra-
dient in the short springbrooks, the composition and
density of benthic fauna changed significantly, which
indicates that temperature is not the only determinant
of the above parameters in the case of macroinverte-
brates. A higher temperature noted in O2 reflected the
influence of the Warta River waters via hyporheos or
surface flooding — even with slight water level increases
in the river. The presence of riverine oligochaete species
at sites M2 and O2 also speaks for the contact between
the springbrook and river waters.

The concentration of nitrates in all springs and
springbrooks studied here was very high, significantly
higher than that found in other springs previously stud-
ied in this region (Galas 2005; Chelmicki 2001) as well
as in the Warta River. However, this parameter had no
influence on the diversity of benthic fauna, which was
comparable with results obtained for springs with low
nitrate concentrations (Dumnicka et al. 2009) and sig-
nificantly higher than in the river. The populations of
invertebrate species characteristic of clean waters, not
only crenophilic ones, were not detected in the Warta
River. The sandy riverine habitat was also less favor-
able for crustaceans (Gammarus fossarum and Asellus
aquaticus), so their densities were distinctly lower in
the Warta River than in the springbrooks. Only Chi-
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ronomidae and Oligochaeta were more abundant in the
river, but the diversity of the latter was low.

There are some studies comparing the benthic
community structure in the longitudinal gradient from
eucrenon to hypocrenon parts of running waters (Resh
1983; Barquin & Death 2004, 2011; Von Fumetti et al.
2007). Their results show two possible patterns: the
richness of species within the spring is lower than in
the downstream areas (Meffe & Marsh 1983; Barquin
& Death 2004) or vice versa (Resh 1983). On the basis
of the studies of many springs and their outflows, Von
Fumetti et al. (2007) suggested that there is a possibil-
ity for both situations or even for the similarity of taxa
richeness between the spring and the springbrook. The
fewest taxa were found in the spring with the lowest
discharge and the shortest springbrook with homoge-
nous bottom substrate in M1 and O1. In the other two
springs with a higher discharge, fauna diversity was also
higher.

Barquin & Death (2004) and Resh (1983) found
that the densities of benthic fauna in springs were the
highest, in contrast to its small diversity. Von Fumetti
et al. (2007) observed similar trends, but sometimes
with lower densities in the middle parts of the brooks,
as in two springbrooks studied here. This may be the
effect of smaller densities of taxa belonging to differ-
ent ecological types: crenophilic and riverine. For par-
ticular taxa of these two types density changes ob-
served along the springbrooks were statistically signif-
icant (Fig. 5). Similar density changes were also ob-
served in the pond (M3 and O3), which is apparently
a very favorable habitat for benthic fauna, since both
the density and the number of taxa were the highest
there.
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The contact of river waters with the springbrook
modified fauna composition in the latter. This influ-
ence was very clear in O2; where the highest number of
riverine species were observed. For example Nais elin-
guis, a species typical of moderately polluted waters
(Uzunov et al. 1988), penetrated up to S2. Riverine
species present in springbrooks do not appear to repre-
sent strong competition for spring fauna, as indicated
by their joint occurrence.

A comparison of the benthic fauna in the three
springs studied here with the fauna in ten springs in
the northern part of the Krakéw-Czestochowa Upland
studied previously (Dumnicka et al. 2007; Koperski et
al. 2011) reveals some considerable differences. In all
springs studied in 2003 Bithynella austriaca was found,
usually in large numbers (Koperski et al. 2011). This
species was absent, however, in the Mstéw springs,
where Gastropoda were represented only by Ancylus
fluvialitis. In the former spring studies Gianus aque-
dulcis (Oligochaeta) was not found, whereas in the
three Mstéw springs and springbrooks its density was
high. This species is typical of interstitial waters and
has rarely been observed in such habitats in Ger-
many, France and Spain (Dumnicka 2009). The above
mentioned differences in the composition of benthic
macroinvertebrates may indicate the autonomy of the
spring fauna in the Mstéw area, which may be an effect
of postglacial geomorphological formation of this region
or differences in habitat conditions.

Studies on the caddisfly fauna of springs in this
area usually showed the occurrence of a few taxa in
most springs (Czachorowski 1990; Koperski et al. 2011).
In the Mstéw area and in some springs of various
types studied by Czachorowski (1990) only the typically
crenophilic species Drusus trifidus was found. However,
the fact that all larval stages are found in a short spring-
brook (30 m) proves that the whole development cycle
occurs there.

The springs, springbrooks and a pond studied here
are concentrated in a small area, and therefore even
a minor environmental disaster may result in the dis-
appearance of communities living in these habitats.
This concerns mainly non-insect fauna, particularly Gi-
anus aquedulcis, known in Poland from this region only
(Dumnicka 2009).
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