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ABSTRACT

This paper will focus on determining the trophic status of the two basins of the Niwa
Reservoir — Niwa I and Niwa II (Sawin commune, Lubelskie Province, SE Poland)
at the sixth year of operation, by using partial TSI indexes — TSI(SD), TSI(TP),
TSI(chl-a), as well as qualitative and quantitative structures of phytoplankton. As
a supplementary, index TSI(TOC) was employed. We show that the phytoplankton
abundance, as well as TSI(chl-a) and TSI(TP) were relatively low and typical for
mesotrophic waters (with the exception of July TSI(TP) values for the Niwa II ba-
sin), although the evaluation of trophy based on other partial TSI indexes — TSI(SD),
TSI(TOC) pointed to a eutrophic or even a hypertrophic water characteristic. The
obtained results were discussed in detail and referenced to other, non-nutrient re-
lated trophy factors: morphometric features and geology of the basins, as well as the
physicochemical properties of its water.
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INTRODUCTION [e.g. Pawlik-Skowronska and Toporowska 2011;

Peczuta and Suchora 2011]. This phenomenon,
together with all its nagging/severe consequences
(especially cyanobacteria blooms), is particularly
acute if among assumed functions of the reser-
voir is a recreational use. Despite the prevalence
of the problem, there is no requirement for the

Small retention reservoirs are desirable el-
ements of the agricultural landscape, as their
presence contributes to a wide range of ecosys-
tem services, including local biodiversity growth
[Zedler, 2003]. Most of these reservoirs are de-

signed as multifunctional, meaning, that apart
from their essential function, i.e. water storage
for hydration purposes and equalization of flows,
they perform a number of other tasks. In contrary
to large-volume dam reservoirs, the multi-func-
tional character does not usually lead to conflict
of interests. The most common problem concern-
ing the quality of water of small retention reser-
voirs is eutrophication [Siemieniuk et al. 2016],
symptoms of which may occur already in the
first years of operation, and examples of rapid
eutrophication are known from multiple research

assessment of the eutrophication risk at the stage
of planning and construction of small retention
reservoirs [Cooke et al. 2005], and the problem
is usually resolved when it becomes burdensome
and limits further use. At this stage, all actions
leading to improvement of the quality of water
require labor and cost-conscious measures, and
are only likely to be successful with in-depth
understanding of the mechanisms and condi-
tions of eutrophication of the particular reservoir
[Popek 2015; Dunalska and Wisniewski, 2016].
Still, the early recognition of the trophic status
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and regulatory mechanisms within the emerging
ecosystem may contribute to extending the period
of good water quality.

The aim of the study was the assessment of
the trophic status of the Niwa Reservoir (Niwa
I and Niwa II basins) based upon the seasonal
measurements of physicochemical and biological
parameters of water, as well as the phytoplankton
composition. Analysis of partial TSI indexes and
physicochemical parameters was the first assess-
ment enabling the identification of the water qual-
ity factors of this shallow, small retention reser-
voir at the early stage of its operation.

MATERIAL AND METHODS

Study area

Niwa Reservoir (51°16°23” N, 23°23°54”
E) is a small, lowland, flow-through retention
reservoir of an agricultural catchment. It was
constructed as a result of land works within the
meliorated calcarcous mire, and water-filled in
2010. The reservoir consists of two separate ba-
sins — Niwa [ and Niwa II, of different morphom-
etry (Table 1.), geology and water supply. The
main basin, Niwa I, is supplied by the Lepietucha
river, the water being brought by an underground
pipe-feeder system, whereas the smaller, Niwa I
reservoir is fed by water from the Nagornik me-
lioration ditch — draining the waters from the ex-
tensive peatland areas (Fig. 1.). Due to the undu-
lated character of the mineral bedrock, the Niwa
I basin is formed by the partial excavation of the
upper layer of peat, whereas the Niwa II basin is
dug entirely within the chalk elevation.

Methods

The water quality assessment of the Niwa
Reservoir was based on field measurements and
laboratory analysis of chemical and physical pa-
rameters, as well as the taxonomic composition
and total phytoplankton abundance, and was car-

Table 1. Morphometric characteristics of the Niwa
Reservoir (basins Niwa I and Niwa II)

Parameter Niwa | Niwa Il
Area, ha 44.3 8.5
Normal Storage Level (NSL), m a.s.| 176.50 174.80
Mean depth, m 1.91 0.92
Water volume at NSL, m? 846 475 | 77 988
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ried out in 2016. The hydrochemical and phyco-
logical research were conducted bimonthly, dur-
ing the vegetation season of 2016, from May to
October, at several research points situated within
the Niwa I and Niwa II basins. Due to the low di-
versity of the obtained results within each basin,
resulting probably from good wind-mixing of wa-
ters, for the purpose of trophy assessment, only
two representative research points situated at the
central point of each basin were chosen (Fig. 1.).

Temperature, dissolved oxygen (DO), electri-
cal conductivity (EC) and pH were determined in
situ with a YSI 556 MPS multiparametric probe.
Water transparency was determined with a Secchi
disk. Other environmental variables were mea-
sured in the laboratory: total suspended solids
(TSS), total organic carbon (TOC), biochemical
oxygen demand (BOD) and chemical oxygen de-
mand (COD) using a PASTEL UV spectropho-
tometer (Secomam, France); total phosphorus
(P,) and dissolved ortho-phosphorus (P-PO,)
with a Schimadzu UV-1610 spectrophotometer
(by the molybdate method after mineralization
with a mixture of HNO, and H,SO,); and nitrate
nitrogen N-NO, by the sodium salicylate meth-
od. Chlorophyll a (chl-a) was determined spec-
trophotometrically after extraction with ethanol
[Yentsch and Menzel, 1963]. At one time (Octo-
ber), the calcium concentration was determined
using the titration method. The changes in the wa-
ter level was noted from the gauge located in the
NE part of the Niwa I reservoir.

Simultaneously to the water chemistry,
samples for the analysis of phytoplankton were
taken. Due to the minimal depth, water samples
for quantitative phytoplankton analysis were col-
lected from the surface layer (~0.5 m) with the
double use of the 5 dm? sampler. Herein, ten liters
of water were filtered through plankton net (mesh
size: 25 um), and fixed with Lugol solution. The
additional samples were taken for proper identi-
fication of species in live samples. Identification
and enumeration were performed using an invert-
ed microscope and the Utermdhl method [1953].

To estimate trophic status, we have calculated
Trophic State Index (TSI) [Carlson 1977] using
water transparency TSI(SD), concentration of
chlorophyll a TSI(chl-a) and total phosphorous
TSI(TP). Additionally, due to emerging tendency
towards including the dissolved organic carbon
(DOC) into trophic state indicators for lakes [Du-
nalska 2011] and reservoirs [Lee et al. 2014], as
an auxiliary indicator, we employed the trophic
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Fig. 1. Situation map of the Niwa Reservoir and location of the sampling sites (1-2) within Niwa I and Niwa II
sub-basins, a — underground inlet, b — inlet, ¢, d — outlets

state index based on total organic carbon con-
centration — TSI(TOC) calculated according to
the formula TSI(TOC) = 20.59 + 15.71 In(TOC)
[Dunalska 2011].

RESULTS

Environmental variables

Water of the both basins of the Niwa Res-
ervoir were alkaline (pH at Niwa I ranged from
8.07 to 8.48, and at Niwa II, from 7.90 to 8.40)
and highly mineralized (electrolytic conductiv-
ity: Niwa I 385-439 uS-cm-1, Niwa Il 439467
puS-cm-1). Oxygen content within both basins
were high (over 100% and 8.73-9.70 mg-dm™)
during the whole season. Values of the chloro-
phyll-a concentrations ranged from 2.16 to 5.79
pg-dm at Niwa I (with summer maximum), and
2.85 t0 4.56 pg-dm at Niwa II (maximum value
noted at autumn). The remarkable difference dur-
ing the whole observation period was noted for
the water transparency parameter, ranging from
1.27 to 1.60 at Niwa I, and from 0.30 to 0.45 m
at Niwa II (Table 1), which was also in agreement
with the values of the total suspended solids (be-
low 2.5 mg-dm? and 5.5 to 21.1, respectively).
Regarding the low values of the chlorophyll a,
the high turbidity at Niwa II should be attributed
to the mineral (abioseston) component, derived
from the calcareous bottom. The elevated values
of nitrates, as well as TOC, BOD and COD, were
noted at the time of the spring (seasonal) filling
of the Niwa I reservoir, which was related to the

influence of the nutrient and organic matter load
of the Lepietucha waters.

Phytoplankton

A qualitative analysis of phytoplankton
showed, in total, 64 pro- and eukaryotic algal
taxa belonging to eight taxonomical groups. In
the two basins, although the general taxonomic
structures were similar, there were substantial
differences in species composition. In the Niwa I
basin, we identified 31 taxa belonging to 6 taxo-
nomic groups, whereas in Niwa II, 45 taxa from
8 groups were encountered. For both basins, the
most identified taxa belonged to green algae and
cyanobacteria — at Niwa I, they accounted for
42% and 26% of the whole, respectively, and
Niwa II, 39% and 22%, respectively. The dia-
toms also had a major contribution to the taxo-
nomic structure, representing at Niwa I, 16%,
and Niwa II, 18% of the total taxa within the
phytoplankton communities. The proportion of
other systematic groups of phytoplankton did
not exceed 10% of the total number of identified
taxa (Fig. 2).

The seasonal dynamics of phytoplankton
were similar in the Niwa I and Niwa II basins,
with a lasting, high proportion of Chlorophy-
ta, Cyanoprokaryota and Bacillariophyceae, a
higher share of diatoms being typical for the
spring period (Fig. 3).

The total phytoplankton abundance at
Niwa I and Niwa II basins were compara-
ble within the seasons, with spring minima
(150.6x10° ind.-dm™ and 120.3x10% ind.-dm?,
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Fig. 2. The percentage contribution of the taxonomic groups of algae in phytoplankton of the Niwa I
and Niwa II basins, in 2016
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Fig. 3. Seasonal changes of taxonomic structure of phytoplankton in Niwa I and Niwa II basins, in 2016

respectively). The highest abundance for the
Niwa I basin was noted in July (593x%10° ind.
-dm™), whereas at Niwa II, this was evident
in October (610x10° ind.-dm™, Table 2). The
highest share of total autumn phytoplankton
in both basins was of Dinobryon divergens
Imhof (Chrysophyceae). Other than the afore-
mentioned, no other specie reached more than
50% of the total population in any of the study
seasons. The autumn domination of this small-
bodied species was the reason for discrepancy
between the highest total phytoplankton abun-
dance and the concentration of chlorophyll-a
(which is an estimator of phytoplankton bio-
mass, Regulation of the Minister of Environ-
ment 2004) at Niwa I (Table 2). In the Niwa II
basin, taxa from dystrophic habitats — e.g. Clo-
sterium acutum var. variabile (Lemm.) Willi
Krieg. — have been observed, which is associ-
ated with humic water supply.
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Trophic State Index

The partial values of the Carlssons’ Trophic
State Indexes were very diversified. For both
basins, the lowest values were typically record-
ed for TSI(chl-a), ranging from 40.9 — 47.8 at
Niwa [, and 19.2 — 45.5 at Niwa II (Tab. 3, Fig.
4). Moreover, the TSI(TP) was low and typical
to mesotrophy, with the exception of July TSI,
values for Niwa II basin. High values were noted
for TSI(SD) — at Niwa I, the values ranged from
55.1 to 56.6, whereas the values at Niwa II were
between 71.5 to 77.4, indicating eutrophy or hy-
pertrophy, respectively. However, for the reser-
voirs, the TSI(SD) criteria is consider less reli-
able [Carlson, 1991]. In addition, high values of
TSI(DOC) — 54.5 to 62.0 at Niwa I and 52.5 to
53.4 at Niwa II, used here as an auxiliary indica-
tor, might overestimate the trophy level, as it is
yet not fully dedicated towards the estimation of
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Table 2. Basic hydrochemical and biological parameters of the Niwa Reservoir (basins Niwa I and Niwa II) in 2016

Niwa | Niwa Il
Parameters
May July October May July October
Water level 91 49 40 - - -
Temperature, °C 19.0 19.9 16.1 19.1 20.5 15.9
Transparency, m 1.40 1.60 1.27 0.45 0.30 0.45
pH 8.45 8.48 8.07 8.28 8.40 7.90
Conductivity, uS cm- 439 385 396 439 445 467
Dissolved oxygen, mg dm 9.28 8.73 9.46 8.74 9.05 9.70
Total SL_Jaspended solids (TSS), <25 <5 <5 18.9 211 55
mg dm
Total organic carbon (TOC), 13.27 9.33 8.67 7.60 8.07 7.87
mg dm
Biochemical oxygen demand
(BOD) mg dm® 18.3 13.3 124 10.6 11.1 1.4
Chemical oxygen demand
(COD) mg dm?* 29.9 23.9 22.9 18.7 19.5 211
Total phosphorus (Ptot),
mg dm, mean # standard 0.013+0.001 | 0.011+£0.008 | 0.023+0.001 | 0,0194+0.002 | 0.033+0.003 | 0,021+0,024
deviation
Dissolved ortho-phosphorus
(P-PO,), mg dm, mean * 0.004+0.002 | 0.002+0.000 | 0.005+0.002 | 0.002+0.002 | 0.003+0.003 | 0.002+0.001
standard deviation
Nitrate nitrogen (N-NO,),
mg dm=, mean # standard 1.73040.049 | 0.009+0.003 | 0.008+0.001 | 0.039+0.015 | 0.003+0.001 | 0.006+0.003
deviation
Ammonium nitrogen (N-NH4),
mg dm, mean # standard 0.142+0.011 | 0.069+0.072 | 0.116+0,007 | 0.145+0.009 | 0.122+0.008 | 0.092+0.026
deviation
Ca, mg dm? - - 107 - - 118
Chlorophyll a, (chl-a), pg dm? 2.16 5.79 3.81 2.85 3.32 4.56
Total phytoplankton
abundance, 10° ind. dm 150.6 350.5 593.0 120.3 230.0 610.0
Table 3. Seasonal changes of partial and mean TSI values, at Niwa I and Niwa II basins
Niwa | Niwa Il
Parameters
May July October May July October
TSI(SD) 55.1 53.2 56.6 71.5 77.4 71.5
TSlI(chl-a) 40.9 47.8 43.7 19.2 42.3 455
TSI(TP) 48.8 38.9 49.3 46.4 54.7 48.0
TSI(TOC) 62.0° 55.7° 54.5° 52.5° 53.4° 53.0°
TSI 48.3 46.7 49.9 45.7 58.1 55.0
TSl including TSI(TOC)' 51.7 48.9° 51.0° 47.4° 56.9" 545
TSI mean 48.3 52.9
TSI mean including TSI(TOC) 50.53" 52.9°

trophy within reservoirs, as it was design-based
on clear water, stratified lakes [Dunalska, 2011].

DISCUSSION

Seasonal changes in physicochemical, bio-
logical and phytoplankton parameters allowed
for the preliminary assessment of the trophic sta-
tus of the Niwa Reservoir (comprised of both the

Niwa I and Niwa II basins), as well as the iden-
tification of its primary factors. In spite of the
lack of a direct hydrological connectivity of the
Niwa I and Niwa II, as well as the differences in
their water supply and morphometry, the waters
of both basins exhibit many common character-
istics. This resulted from the geochemical catch-
ment and basin characteristics: the presence of
carbonate bedrock (resulting in high conductivity,
reaction and calcium concentration of waters) and
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Fig. 4. Seasonal changes of TSI partial values of Niwa I and Niwa II basins

peat substrate (responsible for the elevated con-
centrations of total organic carbon derived from
the catchment humic substrate, and, in the case of
Niwa I, also from the bottom of the basin).

Despite the agricultural land use of the catch-
ment, which is potentially a source of high loads
of the biogenic salts, elevated nitrate values were
only found in spring, in the refilling of the Niwa
I basin with the Lepietucha-sourced waters. The
absence of an analogous peak of nitrate concen-
trations in the Niwa Il basin may be due to differ-
ent supply regime, lower water exchange or an
effective mechanism of nitrates withdrawal from
the water column.

The mean value of the TSI points to the me-
sotrophy of Niwa I and the eutrophy of Niwa
II, which, however, should be discussed in the
context of the differences in partial TSI indices
carrying additional valuable information on the
functioning of the ecosystem in terms of the con-
ditions of the primary production [Szczykowska
et al. 2015]. These variations may point to the
ecarly stage of the reservoir development and the
role, especially in Niwa II, of the abiotic factors
in restraining the phytoplankton development.
Although the values of the partial TSI indicate
meso-, eu- or even hypertrophy (Fig. 4), the
overall tropic status should be assessed as be-
ing mesotrophic. This is confirmed by the low
phytoplankton abundance and taxonomic struc-
ture, as well as the biomass content expressed as
chlorophyll-a concentration.

The TSI(SD) component in the case of the
Niwa Reservoir is a responsive to the mineral
turbidity and the presence of dissolved organic
carbon, therefore it raises the average value of the
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TSI, thus, it should be excluded [Szczykowska et
al. 2013]. In the case of Niwa II basin, the min-
eral turbidity clearly reduces water transparency,
hence it inhibits the development of phytoplank-
ton. The chemical fixation of the phosphorus by
calcium in the form of apatite also contributes to
the decrease of the amount of phosphorus avail-
able to phytoplankton [Bartoszek, 2007]. The
complexation of phosphorus by humic substances
plays a similar role, which may be an issue within
the Niwa I basin [Tipping, 2002].

CONCLUSIONS

Our research shows that the early assessment
of the trophic status of the small retention reser-
voir as based on a set of TSI indices, is a simple
method and provides valuable information on the
state and functioning of the ecosystem. Based on
the in-depth analysis of the partial indexes, we
conclude that:

1. Values of calculated partial components of TSI
show high variation, which result from the spe-
cific characteristics of both basins of the Niwa
Reservoir.

2. In regard to trophy assessment, TSI(TP) and
TSI(chl-a), as well as phytoplankton abun-
dance and composition are most reliable.
These elements all point to the mesotrophy of
the Niwa I basin. For the Niwa II basin, only
the slightly elevated TSI(TP) value suggest eu-
trophic conditions.

3. The overall qualitative and quantitative struc-
ture and concentration of chlorophyll-a of the
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phytoplankton communities is typical of this
type of mesotrophic aquatic ecosystem, and it
does not indicate high eutrophication.

However, despite the current low trophic sta-
tus, due to the high instability of biocenosis in
this type of aquatic ecosystems (shallow water
reservoirs with agricultural catchment being at an
early stage of operation), the negative phenom-
enon of rapid eutrophication cannot be ruled out,
and, therefore, further monitoring is needed.
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