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Abstract

Onehundredthirtyeight taxa of plankton algae were identified in the Zur Reservoir
(Cyanoprokaryota 27, Dinophyta 5, Euglenophyta 4, Chrysophyceae 6, Bacillariophyceae 40,
Chlorophyta56). The biomass of spring and summer plankton consisted mainly of diatoms. Based
on the species composition, phytoplankton biomass, concentration of chlorophyll a and TSI, the
Zur Reservoir was generally classified as moderately eutrophic with distinct trophic
diversification of the water at particular studied sites.
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INTRODUCTION

Phycological research is a commonly accepted measure that enables one to
assess a number of characteristics of aquatic ecosystems including trophy and
water quality. Phytoplankton communities, which constitute the main
community of primary producers in artificial dam water bodies, are sensitive
detectors of transformations that take place in the water. Phytoplankton
communities also enable increased understanding of water quality and changes
in water quality. It is a stable indicator which is not influenced by rapid and
profound fluctuations, such as concentrations of particular chemical
compounds. Finally, since phytoplankton constitutes the first link in the long
chain of trophic relations, it enables one to extrapolate the results to other
similar water bodies.

The Zur Reservoir creates significantly different conditions for
phytoplankton organisms than those found in a river or a lake. This is due to the
fact that a mosaic of habitats developed here with a different intensity of
features from these two aquatic ecosystems. The reservoir has existed here for
more than 80 years, which should be a sufficient time to eliminate the drastic
transformations of the environment that took place here during the first years of
the artificial lake, and to develop some stable communities of algae.

The structure of phytoplankton, as well as its seasonal and spatial variability
in small rheolimnic, lowland water bodies, are not yet well explored as
compared with larger dam reservoirs (Puchalski et al. 1995, Goldyn 2000,
Wisniewska 2001). Communities of phytoplankton in large and average-sized
lowland water bodies are described for such reservoirs as: Sulejow (Galicka et
al. 1990, Rakowska and Rakowski 1992, Tarczynska and Zalewski 1994),
Wioctawek (Dembowska 2002a, 2002b, 2005), Siemianoéwka (Gorniak and
Grabowska 1994, 1996; Grabowska 2006), Jeziorsko (Galicka and Kruk 1999,
Tarczynska et al. 1997), Zegrzynski (Kajak 1990) or the Koronowo Reservoir
(Wisniewska 1998). The main common feature of these reservoirs is the
expansion of blue-green algae brought about mainly by the increased trophy of
these waters. More data on population changes in phytoplankton communities
in relation to abiotic factors are available for piedmont dam reservoirs (Bucka
and Wilk-Wozniak 2007, Wik-Wozniak and Pociecha 2000, Wilk-Wozniak
2009). In this case, the so-called non-trophic factors are more significant for the
development of phytoplankton.

At present, knowledge of the significance of phytoplankton communities in
artificially altered ecosystems is particularly important, because of the
continued discussions and works on the development of biological indicators
based, for instance, on phytoplankton and used for the evaluation of the
ecological potential of dam reservoirs, required by the Water Framework
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Directive. Although lowland dam reservoirs share many common features with
lake ecosystems, the two cannot be treated in the same way in order to
understand their functions and evaluation them (Wilk-Wozniak 2009,
www.rdw.org.pl).

The objective of the undertaken research was to explore the flora of
plankton algae in a small, lowland water body called Zur Reservoir, their
structure, as well as quantitative and domination relations. On the one hand, this
research will allow the researchers to make an inventory of plankton algae
occurring in the Zur Reservoir. In addition, it will enable them to determine the
significance of plankton algae communities within the functioning of such an
ecosystem. The researchers also tried to define which abiotic factors have a
crucial influence on the development of phytoplankton in this artificially
transformed, small ecosystem. The research will also specify its functional
values for recreation and retention, and consequently should provide some
guidelines on practical undertakings aimed at protecting the Zur Reservoir.

MATERIALS AND METHODS

The Zur Reservoir was created in the south-eastern landscape of the Tuchola
Forest in the 1930° (the main work was conducted in 1929-30). At that time,
about 14.5 m of the Wda River was dammed up at the 33,800 km of its course
by an earth dam. The main objective of that investment was to produce
electricity for the developing port of Gdynia by a parallel hydro-electric power
plant built in the town of Zur. One should emphasize that at the national scale,
the Zur Reservoir is one of the smaller and less significant reservoirs in terms of
energy production. It is, however, the second largest dam reservoir in
Pomerania after the Koronowo Reservoir. The Zur Reservoir is situated within
the catchment area of the Wda River, within its lower reaches, and it stretches
from the town of Pieklo (upstream from the village of Tlen) to the village of
Zur, assuming an elongated shape and nearly southern direction. The area of the
Zur Reservoir amounts to 440 ha. The volume of stored water it holds is ca.
16 mil. m*. The maximum depth by the dam comes to 14.4 m., the average
depth is 3.6 m., the length of the reservoir is 9,310 m and its maximum width is
700 m. It is a reservoir with a short water retention time - on average 14 days -
and thus the total exchange of water repeats 26 times per year. Apart from the
Wda River, the Reservoir is fed with waters of the Rivers Ryszka and Prusina,
as well as two smaller watercourses. According to the typology of dam
reservoirs proposed by Staskraba (1999), the Zur Reservoir can be classified as
a small, shallow dam reservoir located in the main stream of the river, with a
short retention time of water and stratification.
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The drainage basin of the Zur Reservoir is covered with pine and mixed
forests, whereas the moraine upland is covered with mixed lime-oak-hornbeam
forests together with fragments of oak and riverine forests, as well as alder
swamp woods (Boinski 1996). Altogether, the forests constitute 67.2% of the
drainage area; the remaining 32.5% is covered with arable land. Morphometry
of the Zur Reservoir is very diverse. The shores of the reservoir are flat in
flooded areas (the village of Tlen) and steep along its central part. Based on
morphometric, hydrographic and drainage data, the degradation susceptibility
was determined as category II, which places the Zur Reservoir within the group
of basins relatively resistant to external impacts. Only a high value of the
Schindler's coefficient indicates a strong influence by the drainage basin, mainly
the Wda River, on the water quality in this reservoir.
Over time as the reservoir has merged into the landscape, its primary
functions have shifted from energy objectives to those related to contemporary
leisure, tourism and recreation. In 1993 the Wdecki Landscape Park was
created, which was very significant in enhancing the tourist and recreational
functions of the reservoir. The Park comprises the Zur Reservoir, situated in its
central part, as well as a considerable part of the extensive sandur of the Wda
River.
So far, no comprehensive phycological study of the Zur Reservoir has been
completed. The objective of the research undertaken in 1998, 2000, 2005, 2006
and 2008 was to study the plankton algae in this reservoir, and then its structure,
quantitative relations and domination with reference to physical and chemical
parameters significant for the water quality. The captured dynamics presented
by changes in the algae domination structure over time, should characterize the
water conditions. Phycological analysis of waters in the Zur Reservoir was
carried out based on samples collected at four sites, which comprise
microhabitat types most characteristic of the reservoir:
= Site 1 - located near a railway bridge in the upper part of the reservoir.
A strong water current, characteristic of this site and due to the outlet of
the Wda and Prusina Rivers, upstream from this site (depth of
ca. 5.8 m).

«  Site 2 - located in the broadest part of the Zur Reservoir, at the mouth of
Osie Stream (depth of ca. 6.5 m).

= Site 3 - a bay near the village of Grzybek (depth of ca. 4.0 m).

= Site 4 - located near a railway bridge, on the way from Osie to Grzybek,
with a strong water current towards the Zur dam (depth of ca. 10.5 m).

Collection of samples in 2008 was limited to the first three sites.

Samples for phytoplankton studies, as well as for physical and chemical
analyses, were collected at places with the maximum depth (multiparameter
probe CB570 WTW) at the following times: June and August 1998 (site 2),
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April and July 2000 (sites 1-4), July and September 2005 (sites 1-3), April and
July 2006 (sites 1-3), as well as in May, July and September 2008 (sites 1-3).

Qualitative samples were collected with a plankton net no. 25. They were
preserved in situ with formalin. Uncondensed quantitative samples were
collected with a Limnos sampler from the vertical profile; the water was
decanted every three metres and samples were fixed with Lugol's solution.

The count of algae was determined with the use of an inverted microscope in
sedimentation chambers of 10 ml capacity according to the method described by
Uterméhl (1958). The biomass was determined by the volumetric method with
the assumption that 1 mm® = 1 mg of fresh algae mass. Concentration of
chlorophyll a was determined using the method of Strickland and Parsons
(1963), modified by Lorenzen (1967).

RESULTS

Physicochemical properties of the water

The water of the Zur Reservoir was subject to detailed physicochemical
analysis in the years 1996-97 (Ciescinski et al. 1998). The research carried out
in 2000 and 2008 indicates mainly a small variation in physicochemical water
properties at four different study sites. Due to a very large amount of
physicochemical data (they can constitute the subject of a separate paper), their
use in this paper is restricted to creating a background in order to present the
development of phytoplankton. Averaged results from three sites come from the
year 2000.

Water transparency (measured as SD) was between 2.00 m (site 1) and
3.05 m (site 4) in spring, whereas in summer it amounted to ca. 1.8 m at all
sites.

Electrolytic conductivity ranged from 333 pS cm™ in spring (site 1) up to a
maximum of 361 pS cm™ (site 1) in summer. Water reactivity fluctuated
between pH 6.7 in spring and pH 8.5 in summer.

Thermal and oxygen profiles completed during the study period indicate
good oxygenation of waters in the Zur Reservoir in the entire water column of
four selected sites.

In April, spring water mixing was recorded with an even temperature of
about 8°C and an even distribution of oxygen in water depths of about 12 mg
dm™® O,. In the summer, distinct oxygen stratification was observed only at sites
2 and 4 with the increased oxygen concentration at the water surface (ca. 15 mg
dm® 0O,) and with a significant drop at the bottom of site 2 (3.2 mg dm* O,),
and the concentration of 5.0 mg dm® O, at sites 1 and 4. None of the sites
revealed oxygen deficiency during the study period.
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Significant fluctuations in the concentration of PO,-P were observed, from
0.09 mg dm™ (sites 3 and 4) to 0.14 mg dm™ (sites 1 and 2) in spring, whereas
in summer, the increased values were recorded only above the bottom (sites 3
and 4) - up to 0.34 mg dm™® PO,-P. Concentrations of Ca®* were subject to
smaller fluctuations - ca. 75 mg dm™ and Fe** ca. 0.2 mg dm™. The above data,
as well as low concentrations of the total phosphorus and ammonia nitrogen
classify the Zur Reservoir as an ecosystem with moderate trophy.

This conclusion is also supported by the calculated indices of trophy (TSI)
for the water of the reservoir, based on the visibility of the Secchi disc (SD)
expressed in meters, the concentration of chlorophyll a in mg m® and the
concentration of the total phosphorus (TP) in mg dm®, according to the
formulas by Carlson (1977), the values of which, from 0 to 100, describe the
trophy of waters from extreme oligotrophy to hypertrophy. Values of the indices
for the water of the Zur Reservoir amounted to:

= TSI (sp) - from 43.2 (site 3) to 50 (sites 1 and 2) in spring and from 50.7
(site 1) to 52.8 (site 3) in summer.

= TSI cnia - from 49 (site 3) to 56.5 (site 2) in spring and from 56 (site 1)
to 70.5 (site 2) in summer.

= TSI p) - from 53.2 (sites 3 and 4) to 59.1 (sites 1 and 2) in spring and
from 59.1 (site 3) to 67.4 (sites 1 and 2) in summer.

According to the classification by Carlson (Lc.), the Zur Reservoir can be
classified as a transitional ecosystem, between meso- and eutrophy.

The results were also compared with the trophic classification of harmonious
lakes of the temperate climatic zone proposed by Hillbricht-1lkowska and Kajak
(1986). Based on the following values (concentration of the total phosphorus
(TP), visibility of the Secchi disc (SD), concentration of chlorophyll (Chl) and
the total algae biomass), the trophic state of the Zur Reservoir was defined as
highly eutrophic.

Phytoplankton

One hundredthirtyeight algal taxa were identified in the phytoplankton of the
Zur Reservoir. Chlorophyta (56 taxa), Bacillariophyceae (40 taxa) and
Cyanoprokaryota (27 taxa), were the most diverse groups. The other phyla were
represented by a small number of representatives. Species richness in particular
taxonomic groups is presented in Fig. 1. During all the research years, the
spring phytoplankton consists mainly of diatoms, with the following most
frequent species: Aulacoseira granulata (Ehr.) Simons, Asterionella formosa
Hassal, Fragilaria ulna v. acus (Kitz.) Lange-Bertalot and Fragilaria
crotonensis Kitton. In the spring of 2000, at all the studied sites, the highest
species richness was recorded within Bacillariophyceae, with the following
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Fig. 1. A) Number of plankton algae species in Zurski Reserwir, B) Changes
of phytoplankton biomass in Zurski Reserwir, C) Changes of chlorophyll a
concentration in phytoplankton in Zurski Resenoir.
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most frequent species: Aulacoseira granulata (Ehr.) Simons., Asterionella
formosa Hassal, Fragilariaulna v. acus (Kiitz.) Lange-Bertalot and Cyclotella
sp. However, April samples in 2000 were dominated by blue-green alga at all
the sites - Limnothrix redeckei (Van Goor) M.-E. Meffert, accompanied in large
numbers by Pseudoanabaena limnetica Lemm. and Planktothrix agardhii
(Gom.) Anagn. et Kom. April samples at sites 3 and 4 were dominated mainly
by zooplankton, which is typical of spring. Spring biomass of phytoplankton
was low at all sites, between 1.54 mg dm™ at site 3 and 2.55 mg dm™ at site 4,
where the main biomass was composed of diatoms (Fig. 2).

Eight years later, the structure of the phytoplankton community in spring
looks similar (Fig. 1a). In May 2008, equally low biomass values were
recorded: between 2.49 mg dm™ at site 1 and 1.58 mg dm™ at site 3 (Fig. 2a).
Asterionella formosa was the dominant species at all sites.

In summer 2000, restructuring of the phytoplankton species structure took
place, but also within diatoms only. At flow-through site 1, diatoms Diatoma
tenuis Ag. and Diatoma vulgaris Bory dominated. Blue-green algae were not
recorded, and other phyla were represented only occasionally with a somewhat
higher contribution of Scenedesmus communis E.H. Hegew. Diatoms were the
main components of the small biomass at site 1, which amounted to
2.82 m dm?®. At the other sites, the highest richness of diatoms was also
recorded in the phytoplankton structure, represented mainly by the species
Diatoma tenuis, but also by a considerable contribution of Aulacoseira
granulata and Cyclotella sp. The occurrence of a higher number of blue-green
algae at site 2, was an atypical observation (Aphanizomenon floras-aquae (L.)
Ralfs, Pseudanabaena limnetica Lemm. and other). However, they did not
significantly contribute to the total biomass, which amounted at this site to 5.64
mg dm™ (Fig. 1 and 2). At site 3, Dinobryon sociale Ehr. from Chrysophyceae
was a new component among numerous species of diatoms. Within the surface
layer at site 3, the biomass of phytoplankton reached the highest value during
the study period, amounting to 6.1 mg dm™. This explains bay characteristics of
this part of the Zur Reservoir. Site 4 with a strong water current was also
characterized by rich diatom populations, with the dominant Diatoma tenuis,
Cyclotella sp. and Asterionella formosa.

The analysis of summer samples from July 2008 does not bring any special
changes in the species structure of phytoplankton recorded years ago (Fig. 1a).
The exception is broads-type site 2, where blue-green algae evidently
dominated in the summer, but this time from the genus Anabaena: Anabaena
planktonica Brunth., A. smithii (Kom.) M.Watanabe, A. flos-aquae Breb. ex
Born et Flah A.spiroides Kleb. At that time, the biomass oscillated between
0.22 mg dm™ at site 3 and 15.27 mg dm™ at site 1 (Fig. 2a).
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Only September samples in 2008 provide more information on the water
fertility in the Zur Reservoir. Phytoplankton blooms were observed at all
studied sites. They were formed mainly by diatoms, with clear codomination of
blue-green algae.

The Biomass ranges from 23.84 mg dm™ (site 1) through 28.94 mg dm®
(site 2) up to the maximum value of 30.2 mg dm*at site 3 (Fig. 2a). At all sites,
Aulacoseira granulata was the dominant diatom and among blue-green algae -
Pseudanabaena limnetica was frequent.

Similarly a one-time collection of samples in June and August of 1998 did
not bring any significant differences in the species structure, domination and
guantitative relations within phytoplankton of the studied sites. June
phytoplankton is diatomaceous with the dominant species Aulacoseira
granulata, which also forms the main biomass, amounting to 1.24 mg dm*.
In the sample count, a small green alga Monoraphidium cortortum (Thur.)
Kom.-Legn. had a considerable contribution. The August phytoplankton is
characterized by significantly higher richness, mainly among green algae, out of
which Pediastrum boryanum Menegh. and diatoms makes up the main biomass
of 5.7 mg dm*® altogether. Also, the high contribution of the cyanobacterium
Pseudanabaena limnetica in the summer phytoplankton is worth noting.

No significant differences in the species and domination structure during
particular months were found in the results of observations from 2005 and 2006.
In July 2005, Anabaena planktonica dominates at three sites and is
accompanied by numerous Aulacoseira granulata. In September the species
structure was restructured, with the distinct domination of diatoms, mainly
Aulacoseira granulata. During that time, site 1 is characterized by a significant
increase in zooplankton contribution with the predominance of Copepods.

April samples from 2006 are typical diatomaceous communities, with low
count and a predominance of Asterionella formosa. At site 1 in July 2006, water
blooming was observed, created mainly by Aulacoseira granulata and the
accompanying numerous blue-green algae.

Concentrations of chlorophyll a in the phytoplankton of the Zur Reservoir at
four sites in the spring of 2000 were low and fluctuated within the range of 7.5
mg m* (sites 1 and 4) and 14.1 mg m* within the overflow area (site 2). In the
summer, the concentration of chlorophyll a significantly increased to 58.7 mg
m* at site 2, and 46.1 mg m® at site 3 and 41.2 mg m* at site 4., the
concentration of chlorophyll a in the phytoplankton was lower only in the flow-
through place of site 1 where it amounted to 13.49 mg dm?™.

The calculated concentrations of chlorophyll a in 2005, 2006 and 2008 are
presented in Fig. 3a.

The recorded concentrations of chlorophyll a in the phytoplankton at
particular sites mostly confirm the calculated values of the phytoplankton
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biomass at those places during the study period. Only the low concentrations of
chlorophyll a from September 2008 at sites 1 and 3 do not reflect high values of
biomass calculated for the same samples.

Only during the summer, concentrations of chlorophyll a in marginal
habitats at research sites 2 and 3 significantly exceed the "threshold” values of
chlorophyll a (10 mg m®) accepted by Kajak (1979) and others (Kawecka and
Eloranta 1994, Lampert and Sommer 1996) for eutrophy.

In the species composition of phytoplankton from the Zur Reservoir, no rare
species were recorded, nor were species previously unrecorded in the Tuchola
Forest found there. Also many species typical of the littoral zone (e.g. Nitzschia
angustata (W.Smith) Grin., Ulotix sp. or Mougeotia sp.) occurred in water
depths which could be carried with the water current.

DiscussION

The Zur Reservoir is a flow-through lake, significantly affected by waters of
the Wda River, which certainly has a strong influence on trophic conditions of
this water body.

Physicochemical data on the water of the Zur Reservoir from the years 1996-
97, as well as contemporary data from 2000 and 2008, confirm the low trophic
and mesotrophic status of the studied reservoir. Also thermal and oxygen
profiles completed at four locations, typical of the Zur Reservoir, indicate good
oxygenation of waters, with distinct summer stratification in marginal places
(sites 2 and 3) but without any oxygen deficiency at the bottom.

Phytoplankton of the Zur Reservoir in spring and summer was
diatomaceous, with the dominant species Diatoma tenuis, Asterionella formosa,
Aulacoseira granulata and Cyclotella sp. The abundant occurrence of the blue-
green alga Limnothrix redekei in spring samples is noteworthy. In summer,
apart from diatoms, blue-green algae from the genus Anabaena occur in large
numbers.

The following species were dominants and subdominants: in spring -
Asterionella formosa, Cyclotella sp, Planktolyngbya limnetica (Lemm.) Kom-
Legn.&Cronb., Limnothrix redekei (Van Goor) Meffert; in summer -
Aulacoseira granulata, Cyclotella sp, Anabaena planktonica, Pseudanabaena
limnetica.

The species structure of phytoplankton in spring and summer is
diatomaceous, with the abundant summer occurrence of blue-green algae,
typical of water bodies with increased trophy. However, during the research
period, blue-green algae never clearly dominated in the phytoplankton
community; they always only accompanied the diatoms. This could prove that
nutritional reserves in the water of the reservoir were too poor for this group of
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algae. Also, the low abundance of potentially toxic blue-green algae from the
genus Microcystis or Aphanizomenon seems to be a significant observation.
Anabaena is the third cyanobacterial dominant in toxic blooms, the most
frequently occurring genus in the water of the Zur Reservoir. It is believed that
microcystins are produced by such species as Anabaena floras-aquae,
A. circinalis, A. lemmermanni and A. viquerii . These species were recorded in
the phytoplankton community of the Zur Reservoir, however they did not form
water blooms.

During the long-term scientific studies, the water blooming in the Zur
Reservoir was observed only in July 2006, caused by mass development of
Aulacoseira granulata, as well as in September 2008, when also the main
biomass was composed of Aulacoseira granulata, but with a high contribution
of blue-green algae, which nowadays pose the biggest problem for preservation
of good water quality in dam reservoirs.

When comparing the data on structural changes of plankton algae in other
lowland dam reservoirs, first of all a common trend appears towards more and
more expansion of blue-green algae, mainly in the late-summer period (see the
Introduction) or even communities of small coccal green algae in small water
bodies (Puchalski et al. 1995), or larger ones, e.g. the Reservoir of Zegrzyn
(Kajak 1990). This is also confirmed by research on the Koronowo Reservoir,
situated in the vicinity of the Zur Reservoir, where the mass occurrence of blue-
green algae was also observed (Wisniewska 1998). The main features of the
seasonal dynamics of phytoplankton in the Zur Reservoir can be regarded as
typical of lowland dam reservoirs (Puchalski 1994). In the studied reservoir,
among such characteristics one can mention the domination of diatoms in spring
(Aulacoseira granulata) and summer development of blue-green algae
(Anabaena). However, one should emphasize that no water blooms of blue-
green algae were observed during the entire research period; they always
occurred as accompanying species of diatoms, which composed the main
biomass. The abundant contribution of blue-green algae in the community of
plankton algae already present in the spring, such as: Limnothrix redeckei,
Planktothrix agardhii and Pseudanabaena limnetica, is an atypical
phenomenon. According to Reynolds (1996), the aforementioned species are
characteristic of hypertrophic waters.

The research results do not permit any overall evaluation of the water in the
Zur Reservoir, because they significantly differentiate its zones. At sites 2 and 3
in lake zones, the increasing trophy is undoubtedly the main factor in triggering
adverse changes in the form of blue-green algae domination. This is as opposed
to the two fluvial sample sites (sites 1 and 4), where water flow has the most
significant influence on the phytoplankton community.
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It seems that the structure and phytoplankton dynamics in the Zur Reservoir
are influenced mainly by trophic factors and light conditions in the lake zone,
whereas in the fluvial zones, non-trophic characteristics are decisive, such as:
the water flow, mixing, and stress. Those are the factors that determine the
development of plankton algae in piedmont (Wilk-Wozniak 2009) and small
dam reservoirs (Puchalski et al. 1995). According to many authors (Tarczynska
et al. 2000, and others), water retention time in the reservoir is an equally
important factor for the development of water blooms. In the Zur Reservoir, the
short water retention time together with lower temperatures and higher
concentrations of phosphates can be favourable to the increased biomass of
diatoms and higher contribution of zooplankton. Those conditions can also
bring about unfavourable conditions for the development and blooms of blue-
green algae.

And thus, the dynamics of changes in the structure and gquantitative relations
of phytoplankton, observed over the studied years, was minor and differentiated
only different research sites. This could prove small changes in the dynamic
system of waters in the Zur Reservoir over a longer period.

However, the comparison of long-term changes in quantitative and
qualitative phytoplankton characteristics may also indicate the beginning of
blue-green algae expansion. In the near future, this may have an adverse effect
on recreational values of the Zur Reservoir. At present, this kind of situation is
observed in the waters of the Koronowo Reservoir, situated not far away from
the aforementioned reservoir.

The current problem is the fact that the reservoir in the village of Tlen
becomes more and more shallow. The research revealed that due to the
accumulation of rubble from the Wda River, the reservoir quickly becomes
more and more shallow, with the recorded average thickness of bottom
sediments ca. 90 cm and annual increases of 1.15 cm (Ciescinski et al. 2008).
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