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ABSTRACT
Freshwater red algae Hildenbrandia rivularis has been noted for the first time in central Poland near the Lodz
agglomeration. Until now, this alga was recorded only in mountain and Polish Lowland areas. The wide range of
habitat conditions influencing the occurrence for this protected species has been determined in the spring niche.
The possible threat to habitat where H. rivularis occurs, is connected with construction and exploitation of the A2
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highway.
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INTRODUCTION

Hildenbrandia rivularis (Liebm.) I. Ag. 1851 belong to
phyllum Rhodophyta, class Florideophyceae. It represents
of red algae occurring in fresh inland waters. This alga is
situated on the Red List of threatened algae in Poland (Sie-
minska 1992), as a vulnerable plant (V), the alga is known
from seldom stands with very small quantities, and is
under species low protection in Poland.

The first occurrence of this alga in Poland has been no-
ted in the first half of 20th century and included mountain
and submountain areas of the Karpaty and Sudety mounta-
ins, Baltic Pomeranian and Wielkopolska (Krawiec 1935,
Starmach 1951). In the second half of the twentieth century
new stands of H. rivularis have been recorded in flowing
waters from mountainous areas (Starmach 1969a, 1982).
Numerous observations concern Pomeranians (Sieminska
1962; Kepczynski 1962, 1972, Zukowski 1963; Lisowski
et al. 1971; Chudyba and Polkowski 1977; Markowski
1980) and the northern part of Wielkopolska (Szafranski
1960; Dabmska 1961; Stepczak and Musiat 1984; Krol
1987; Kepczynski and Peplifiska 1995). The occurrence of
H. rivularis has also been noted in standing waters, within
the littoral zone of lakes: in Jeziorak Lake (Bohr 1968),
Radunskie Lake and Ostrzyckie Lake (Markowski 1980)
and Koleniskie Lake (Gotdyn 1985) (Fig. 1).

Observations of the growth of H. rivularis thalii have be-
en presented by Starmach (1969b).

On the basis of habitat conditions occurring in the stands
of H. rivularis noted up to now in Poland, it can be stated
that this alga prefers to flow in shallow waters with fast

current, while in standing waters it tends to aggregate in
the waving zone, shadow places and stony ground.

The first stand of the H. rivularis noted in central Poland
was in the spring’s niche of the £.6dZ Hills scarp. This red
alga was noted in November 2003 and was observed once
per month till June 2005. To determine the habitats’ prefe-
rences of H. rivularis the hydrological and hydrochemical
characteristics and measurement of lightens of this stand
have been made.

STUDY AREA

The 1.6dZ Hills is an area with low-yield and sparse
springs, similarly to the Polish Lowland (Pazdro and Ko-
zerski 1990). Over the last ten years researches have indi-
cated many new objects in this region (Maksymiuk and
Mela 1995; Moniewski 2004). The area of high springs’
density is located in the north part of £.6dZ Hills scarp,
where the landscape is changing suddenly from upland in
the South to plain lowland in the North. This is an effect of
deep erosion produced by rivers, which radially flow to
Bzura. Index of springs calculated for this area is equal to
values recorded in the Polish lake districts (Moniewski
2004).

All of these springs drain from fluvioglacial, diluvial and
eolian Quaternary aquifers (Ziutkiewicz 2005a). The £.6dZ
Hills scarp area is located in the 1.6dZ agglomeration sub-
urban zone. Accelerating urbanization of villages, intensi-
fication of agricultural production and development of
transport routes (highway A2) have their effects on natural
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environmental conditions. These changes have a direct im-
pact on the amount of water resources in this region. The
increasing population number raises demands for local wa-
ter, which results in increasing amount of wastewater di-
sposal to environment. Especially threatened is the shallow
groundwater in regions where a water supply system exists
but there is no sewage system. In such cases the negative in-
fluences are quickly transferred into the springs, which are
alimentated by polluted ground waters (Ziutkiewicz 2001,
2003, 2005b; Zelazna-Wieczorek and Ziutkiewicz 2004).

One of the biggest springs in the L.odZ Hills scarp is the
spring in Ciosny, which supplies the Dzierzazna river (Fig.
2), left tributary of Moszczenica. The mean yield of this
spring is 21.3 dm3*s"! (Moniewski 2004). This is the third
yield value among all springs in the upper part of the Bzura
catchment. The spring area in Ciosny has a clearly elonga-
ted shape, characteristic for the large form of springs in the
L.6dz Hills scarp (Fig. 3). Individual water outflows are lo-
cated at the bottom of the slope in this area. The spring in
Ciosny is located on the outskirts of Grotniki-Luémierz
sandr and contributes to flooding-lake and fluvioglacial
sandy sediments.

Yield and abundance characteristic for these springs, was
calculated during a two-year investigation (2003-2004).
This has demonstrated that large groundwater resources in
sandr sediments are reached and their exchange rate is ra-
pid — less than one per year. It was confirmed by a value of
hydrochemical indexes, illustrating the important role of
conservative elements: Cl- and Nat (Ziutkiewicz 2005a).

-
l

Fig. 2. Course of the highway A2 section between Emilia and Strykow
and localization of the Ciosny spring: a — topographic water divide; b —
hydroizohypses (thanks to Hydrology and Water Management Depart-
ment of the University of £.6d7); ¢ — course of the highway A2; d — stora-
ge-infiltration reservoir; e — spring.
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Fig. 1. Occurrence of Hildenbrandia rivularis
in Poland. Stands identified between 1935-
1995: 1 — Krawiec (1935); 2 — Starmach
(1951); 3 — Szafranski (1960); 4 — Dambska
(1961); 5, 6 — Kepezynski (1963); 7-9 — Sie-
mifiska (1962); 10-13 — Zukowski (1963); 14
— Bohr (1969); 15 — Starmach (1969); 16 —
Chudyba and Polakowska (1977); 17 — Star-
mach (1969); 18 — Lisowski, Szafranski and
Tobolski (1971); 19-48 — Markowski (1980);
49 — Krol (1987); 50 — Stepczak and Musiat
(1984); 51 — Starmach (1984); 52 — Gotdyn
(1985); 53-61 — Kepczynski (1972); 62 —
Kepczynski and Peplifiska (1995); 63 — new
stand near L.6dZ; m — river; @ — lake; A —
spring.
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Fig. 3. The Ciosny spring niche: 1 — water
outflow; 2 — outlet of drainage system; 3 —
the water sampling points; 4 — section
occurrence of the red algae.

Topographic catchments of the Ciosny spring in its cen-
tral and low part is developed by agriculture. All farms exi-
sting there have water supply systems and sewage is stored
in cesspools. In the upper part of the catchment is a conife-
rous forest.

MATERIAL AND METHODS

The research has been done since 2003. Once per month
identification of physicochemical properties of water (tem-
perature, pH reaction, electrolytic conductivity, redox po-
tential and dissolved oxygen) and measurements of spring
yield took place. Once per quarter a chemical analysis of
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spring water samples in relation to main properties and ele-
ments (dry residue, oxidizability, TH, silica, CI', HCOy,
SO,%, Ca?*, Mg?*, Na*, K¥, NO,, NO,, PO,*, NH,*, Fe?*,
Mn?*) was performed. Selected heavy metals concentra-
tions (Cd®*, Cu?*, Ni?*, Pb**, Zn?*, As** and AI**) and
organochloric pesticides were analyzed once in October
2004 (Witczak and Adamczyk 1995).

Lightness magnitude has been measured in the place of
H. rivularis occurrence in a spring niche and in the uncove-
red place 3 m far from it. Lux meter type L-02 (SONO-
PAN) was used.

Since November 2003 observations of the occurrence of H.
rivularis have been made. The surface of area settled by this
red alga, dimensions of the stones and their surface covered
by their thalli have been noted. The goal of the observations
was to determine phenological diversity and hydrochemical
parameters influence on the condition of H. rivularis thalli.

RESULTS

In the area where red algae have been discovered, water
channels have a 2-2.5 meter width and maximum depth of
12-15 cm. The mean velocity of the water flow is 0.137
m*s!, whereas minimal 0.06 m*s! and maximal 0.295
m*s'l. The highest recorded velocity was 0.47 m*s’l. In
this range of water velocity in the channel bed, rock grains
of diameter from 0.4 to 2.0 mm are unstable (Klimaszew-
ski 1981).

TABLE 1. Physicochemical properties and chemical elements of the spring water in the Ciosny identified between 2003-2004 in point no. 7 (n=8).

Hydrochemical feature Mean Minimum Maximum
Temperature [°C] 9.2 8.9 9.5
Colour of water [mg Pt*dm™] 4.4 3.0 5.0
Electrolytical conductivity [uS*cm!] 288 270 307

pH reaction [pH] 7.84 7.03 8.71
Redox potential [mV] 217 181 246
Dry residue [mg*dm™] 240.60 169.00 346.00
Total hardness [mval*dm] 2.72 1.90 3.38
Oxidizability [mgO,*dm] 1.85 1.55 2.43
HCO; [mg*dm3] 106.50 91.50 115.90
CI' [mg*dm™] 12.51 11.60 14.00
SO,% [mg*dm] 41.00 23.60 64.40
NO;™ [mg*dm?] 22.40 15.90 29.00
NO," [mg*dm] 0.01 0.000 0.026
PO,* [mg*dm] 0.405 0.08 0.66
Nat* [mg*dm™] 5.17 4.80 5.50
K* [mg*dm™] 1.15 0.80 2.20
Ca?* [mg*dm™] 47.55 44.40 50.30
Mg?* [mg*dm™] 4.82 4.50 5.30
Fe?* [mg*dm™] 0.02 0.01 0.09
Mn?* [mg*dm] 0.002 0.001 0.002
NH,* [mg*dm] 0.16 0.10 0.26
SiO, [mg*dm3] 14.61 11.50 19.70
0, [mg*dm-3] 3.17 1.91 5.20
O, [%] 28.38 17.30 46.10
AP* [pg*dm™] 14.4

Cd?* [pg*dm] 0.05

Cu?* [pg*dm] 4.27

Pb%* [pg*dm] 0.36

Zn?* [pg*dm] 18.0
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Fig. 4. a-f. Hildenbrandia rivularis: a, b — thalli on the stone (macroscopic); ¢ — thalli growing surface on the stone; d — part of thallus growing in different

directions; e — thallus seen from the top; f — part of thalli in vertical section (Scale bar = 10 um).

In the bottom of the Ciosny spring area there are stones
coated with red color, shell-form thalli of H. rivularis (Fig.
4a, b). Distribution of the stones covered with red alga
thalli is diverse, there are as many in the fast flow current
as beyond it, but water always flows on them.

The size of the overgrown stones differs from a few cm
diameters, flat around 1 cm thick to above 20 cm length and
a few cm height. Thalli of this red algae grow over big sto-
nes on the current side and along the edge of the stone ac-

cording to water flow (Fig. 4a), while small ones, form on
their surface dots approximately 1 cm in diameter (Fig. 4b).
Thalli of the H. rivularis were characterized with intensive
red color and increased surface and number of settled stones
in the period of time, from the end of May till October, whi-
le during winter their color changed to red brownish and
single thalli disappeared on the stones in the shallow places.
During the vegetation season, the occurrence place of H. ri-
vularis is overgrown with Berula erecta (Huds) Coville.
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Thalli are growing in the peripheral part, radially in all
directions, (Fig. 4c, d). The cells in the parallel view to the
surface of thallus are irregular in shape and range from
extended to polygonal (Fig. 4e). The central part of thallus
is multilayered, built from 8-12 cellular threads. The most
superficial layer is dichotomously divided (Fig. 4f) and co-
lourless. The breadth of cells measure approximately from
4 to 8 pm, and the length from 6 to 10 um. The proportion
of length to breadth of the cells in different parts of crea-
ting thalli threads are variable.

The light conditions of this red alga locality are similar to
the exposure field (Fig. 5) as long as the alder trees are cove-
red with leaves then changes. Sunlight available to all areas
is reduced in the afternoon by the neighboring pine forest.

The spring water in Ciosny is fresh, low alkaline, soft
and is of HCO,-SO,-Ca hydrochemical type. High change-
ability during hydrochemical researches represented K*,
SO,%, silica and dry residue, also NO,™ and PO,*- were rai-
sed. Physicochemical properties are presented in Table 1.

Hydrochemical analyses of individual outflows in area in-
dicate a low but permanent differentiation (Fig. 6). It con-
cerns such chemical elements, which act as pollution inde-
xes (Fig. 6). Values which were recorded in niche outflow
(point 4 — see Fig. 3) represented mean conditions of all the
niche. Interestingly, high concentration of NO, in water
outflow in upper part of the niche (point 1 and 7) was noted.

28.5

17.11.05
22.06.05
13.04.05

the red algae on station (st. 1) and expose
part of niche — background (st. 2).

In this part of the niche the water from ploughland draining
system periodically appears, characterized by high concen-
tration of NO,™ (max. 148.7 mg*dm?). However, as the re-
sult of water outflow in upper part of the niche, their con-
centration gradually decreases. Dissolved oxygen accompa-
nies with mentioned phenomenon respectively in point 1:
36-40% and in point 7: 17-46% while in point 4: 70-83%.

Hydrochemical differentiation between water outflows
from both sides of niche, eastern and western was also no-
ted (Table 2). Farms and ploughlands are located in eastern
part of the drainage basin, while forests and ploughlands in
the western one. NH,* and PO*- were noted in all analy-
zed outflows on a similar level.

CONCLUSIONS

The noted stand of Hildenbrandia rivularis is the first in
central Poland. This allows to verify the suggestion about
it’s occurrence restricted to the mountain and Lake District
areas (Markowski 1980). Appearance of H. rivularis on the
Polish Lowland was noted to date most frequently in the
range of the last Vistulian glaciations in rivers and single
stands in stagnant waters (Fig. 1). Substantiated occurrence
of this red algae in the Ciosny spring niche, points out to
the next type of settlement, in which H. rivularis occurs.

NO; [mg*dm™]

Fig. 6 a-b. Differentiation of concentration selected chemical elements at water points’ sampling in the Ciosny spring: a — chlorides; b — nitrates.
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TABLE 2. Mean concentrations of analyzed chemical elements of waters, which outflow in the Ciosny spring niche.

Chemical element and date of analysis

Western part of niche [mg*dm-3]

Eastern part of niche [mg*dm-3]

SO,% / V1. 2004 1. 46.4 36.1
SO,% /1V. 2005 r. 43.8 33.9
CI'/ V1. 2004 1. 12.3 7.7
CI'/IV.2005 . 12.7 8.1
NO; / VL. 2004 . 19.7 13.4
NO; /1V. 2005 . 17.8 6.5
NH,*/ VI. 2004 r. 0.23 0.22
NH,*/1V. 2005 r. 0.48 0.34
PO,* / VI. 2004 1. 0.34 0.29
PO, /IV. 2005 r. 0.43 0.42
Light conditions where H. rivularis occurs are similar du- ACKNOWLEDGMENTS

ring summer and winter. Amount of light during the win-
tertime is connected to the day-light time. Whereas, during
the summertime it is connected to the vascular plant, gro-
wing in the spring niche and in their surrounding.

Until now in Poland only Starmach (1969, 1982) studied
the physical and chemical conditions in the place of H. ri-
vularis occurrence, such as pH ranging 6-8, alkaline 1-1.6
mval, water temperature 0-15°C and discharge 0.3 m3*sL,
Markowski (1980) has announced, that this alga occurred
in water flowing 25-100 cm*s-!.,

The ecological classification of H. rivularis in relation to
trophic state, pH, saprobity, water hardness and ecological ty-
pe of waters is as follow: eutrophic, alkaline waters, xeno- to
oligosaprobic, hard waters (Eloranta and Kwandrans 2004).

Gutowski et al. (2004) has classified H. rivularis to a ca-
tegory of less sensitive species, more widely distributed,
indicator of good water quality conditions. This taxa was
noted in German rivers with water hardness (0.2-4.4
mmol/l), conductivity (56-2335 uS/cm), pH (7-8.3), and to-
lerated higher amounts of NO,-N (to 12.5 mg/l), but more
sensitive to P enrichment (below TP 0.5 mg/l).

The water in the Ciosny spring niche is soft and lightly
alkaline. It’s temperature does not exceed 10°C, has cha-
racteristic small annual amplitude and velocity oscillating
from 6 to 29.5 cm/s (Table 1).

Based on performed studies, a wide range of hydroche-
mical parameters creating conditions favorable to H. rivu-
laris development has been determined. Classification of
the Ciosny spring water quality upon 31 properties indica-
ted class Ib (high quality). Nitrate nitrogen plays a major
role in this result. Effluent differentiation of water chemi-
cal composition in different parts of the spring niche points
out, that this spring is situated in the zone of influence of
the local sources of pollutions (neighboring farmsteads).

The localization of storage-infiltration reservoir of high-
way A2 in close distance to the Ciosny spring creates a ve-
ry important threat to the water quality (Fig. 2). The local
topographic and hydrogeology conditions are favorable for
rising wastes possibly ions, such as: Cl;, Mg+, Ca?*, Na*,
PO43' and Cr, Pb to the niche, in the direction of groundwa-
ter flow (Kleczkowski 1984).

The authors are very grateful to Prof. R. Gotdyn for his
critical consultation of this manuscript. This research was
supported by the State Committee for Scientific Research,
grant no. 3P04G 057 23.
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