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Abstract

The Danube Delta, one of the most valuable natural wetlands of the world due to its high
biodiversity, was impacted by human population development, but remains still a unique place
concerning the ecosystem services provided. Decomposition of the organic matter by bacterioplankton
enzymatic activity represents an important step for ensuring water purification and ecosystem health.
Bacterioplankton communities from 18 selected lakes were tested for two enzymatic activities, catalase
and oxidase, in relation with environmental parameters, and further discussed for some identified
species. Most of the isolated strains presented both activities, being influenced by environmental
parameters such as depth, transparency, turbidity, macrophytes coverage and light intensity. SIMPER
and ANOSIM tests were used to highlight the similarities between the selected lake complexes,
the highest differences being identified between Rosu — Puiu and Isac — Gorgova complexes.

Keywords: Danube Delta, shallow lakes, freshwater, bacterioplankton, environmental parameters,
enzymatic activity.

1. Introduction

Nowadays, wetlands role in provisioning of ecosystem services supporting human
society is increasingly acknowledged, and there is a worldwide interest to support the recovery of
their functionality. The EU Strategy for the Danube Region (EUSDR), the overarching policy
aiming for the sustainable development of the region, established under its eleven priorities
topics like: “Water quality” (PA4), “Biodiversity, landscapes, quality of air and soils” (PA6)
and “Knowledge Society” (PA7), acknowledging the importance of wetlands and aquatic
ecosystems at Danube basin scale.

The Danube Delta is a unique diversity pool for the Danube Region, being acknowledged
as a World Natural Heritage site (UNESCO) and protected by different international and
national environmental regulations, like RAMSAR convention, NATURA 2000 or National
Natural Park’s statements.

Though its natural importance is highly visible, Danube Delta was impacted over
the time by different types of managerial decisions, which lead to important transformations.
Hydro-technical works along with the transformation of land on agricultural purposes
(drainage and water-bodies desiccation, damming, land fertilization and pesticide practices)
represented some of the main drivers of changes in the deltaic system, in fact the urbanization
and industrialization period from the past twenty century) (1, 2, 3). The regulations generated
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important changes not only in the morphology and hydro-geo-functionality of the Danube
Delta habitats, but rapidly as a consequence of pollution issues, in the structure and
functioning of the living communities (3).

The aquatic ecosystems of the Lower Danube Wetland System, were severely altered
by eutrophication (especially in the 80’s period), in the Danube Delta the process being still
visible until the year 2000 (1, 4). The aquatic communities suffered major structural and functional
changes, who affected the ecological status of the ecosystems. The primary producers responded
to the existing pressures by overdevelopment, generating chained effects in the trophic
structure of the aquatic biocenoses of the Danube Delta lakes (5, 6). The capacity to transfer
matter and energy within the aquatic ecosystems was altered and, consequently, it altered
the ecosystems processes and functions (e.g. the self-regulation or productivity functions) (7).

Bacterial communities are a crucial component of the aquatic ecosystems, representing
therefore one of the main indicators used for the evaluation of the ecological health state.
Known as a constant and heterogeneous compartment, they have an important degradative
and trophic role within the ecosystem fluxes. Heterotrophic bacteria act in the recycling
processes of organic matter (decomposition and mineralization processes) and in the same
time represent an important intake food-web link for the zooplanktonic organisms (8, 9, 10,
11, 12). Due to their high hydrolysis capacity of the particulate organic matter substrates (as a
consequence of extracellular enzymes), they play a key role in the carbon cycle of the aquatic
environments (11). Also, due to their rapid growth and close interaction with the environment
(metabolically the most versatile group of organisms from wetlands), they are able to respond
quickly to changes (9) and to generate changes in the environment, favorable or not for the
development of other types of organisms (eg. H2S production as a result of organic matter
decomposition processes in anoxic conditions) (13). Nonetheless, in certain environmental
conditions bacteria species which cohabitate the aquatic environments can represent
a pathogenic potential, inducing health issues for other biota and for human population (9, 12).

The study focuses on the evaluation of the bacterioplankton communities from the
Danube Delta lakes within the discussion of two enzymatic activities of the isolated strains, in
correlation with some environmental variables, and of the identified species, as an indicator
of the present health status of these ecosystems.

2. Materials and Methods

The study sites are located in the Danube Delta Biosphere Reserve (S-E part of
Romania, at the confluence with the Black Sea) (Figure 1). These lakes are part of three (main
aquatic complexes of the delta area: Rosu — Puiu, Isac — Gorgova and Matita — Merhei (Figure 1,
Table 1). The lakes of these complexes have many similarities, taking into account the
extensive network of channels connecting them (14), but present also several peculiarities
concerning their size, depth, substrate type, aquatic vegetation composition and coverage or
riparian ecosystems, etc.). The samples were collected between 13-15 May 2013, the location
of the 18 lakes considered for this study being presented in Figure 1.

The fieldwork methodology included the assessment of the environmental variables
(with essential role for the aquatic biota), estimation of macrophytes coverage, and sampling
of water for microbiological analyses. The depth and transparency of the water column were
measured with a Secchi disk, the temperature, pH, redox potential, conductivity and oxygen
concentration were measured with a WTW 3401 multiparameter, turbidity was measured with
Hanna HI98713 turbidimeter, light intensity with a Lutron LX-1102 light meter, while the
macrophytes coverage was assessed based on visual observations of vegetation and photos
analyses (Table 2).
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Figure 1. The Danube Delta (Romanian part) — location of the studied sites in the aquatic complexes:
Rosu — Puiu lakes (LO1-L06), Isac — Gorgova lakes (L07-L10) and Matita — Merhei lakes (L12-L21)

The microbiological samples to investigate the planktonic bacteria were taken from
the subsurface layer (10-15 cm) in sterile polyethylene tubes, labeled and immediately stored
in portable refrigerator bags.

Table 1. The lakes studied in the aquatic complexes from the Danube Delta (names and
abbreviation used in data analysis) and the number of isolated planktonic bacterial strains

Rosu - Puiu (R-P, 4 lakes) 9 strains | Matita — Merhei (M-M, 10 lakes) 20 strains
L. Rosu Lol 1 L. La Amiaza L12 2
L. Rosulet L02 2 L. Trei lezere L13 2
L. Méandra L04 2 L. Matita L14 2
L. Erenciuc L06 4 L. Babina L15 2
L. Radacinoasele L16 2
Isac - Gorgova (I-G, 4 lakes) 8 strains | L. Dracului L17 2
L. Gorgostel LO7 2 L. Merhei L18 2
L. Uzlina L08 2 L. Merhei Mic L19 2
L. Isac L09 2 L. Lung L20 2
L. Cuibul cu Lebede L10 2 L. Rosca L21 2

Laboratory methodology included the analysis of microbiological samples (15).
In aseptic conditions, water samples were inoculated on agar culture media and incubated for
18 h at 37°C. The planktonic microbial communities were isolated and cultivated on general
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(TSA) and selective media for certain type of microorganisms (Chapman, EMB, MacConkey,
Cetrimide, Bile Esculin). After the growth of microbial colonies, the isolates were examined
macroscopically for color, texture, and marginal integrity. Sub-culturing was carried out to
obtain pure colonies for identification and to ensure propagation until identification was
complete. Identification of the microbial isolates was achieved utilizing colonial morphology,
Gram stain, biochemical conventional tests (oxidase and catalase activity) and commercially
available identification kits, specifically API 20E, and API NE (bioMerieaux, API).

Data analyses methodology consisted first in exploratory graphical representations of
the data from the bacterial strains on growth media and their tested enzymatic activity, tabular
representation of the environmental variables and in the Non-Metric Multidimensional
Scaling analyze for assessing the variability of the bacterial enzymatic activity across the
Danube Delta lakes under the influence of the selected environmental variables. The secondary
category of data analyses referred to the statisticaltesting of the possible differences between
the aquatic complexes studied in Danube Delta regarding the enzymatic activity of their
bacterial communities and the environmental variables of their sites. In order to accomplish
this purpose paired comparisons between sub-datasets corresponding to the aquatic complexes
were performed — SIMPER and One-way ANOSIM statistical tests, on the basis of the
Bray-Curtis similarity coefficient. Data analyses were developed using PAST software,
ver. 3.06 (16) and following (17), (18) and PAST Reference manual methodology.

3. Results and Conclusions

The behavior of planktonic bacteria strains from Danube Delta lakes on selective
media. The selective media (Chapman, EMB, MacConkey, Cetrimide and Bile Esculin) used
for the growth of certain type of microorganisms, helped us to isolate from the water of
18 lakes of the Danube Delta, 37 bacterial strains taken into the study (9 from R-P, 8 from I-G
and 20 from M-M aquatic complex — Table 1, Figure 1).

Selected growth media were specific for the development of Gram negative bacteria,
known as the dominant group within the planktonic and benthonic bacterial communities (due
to their variate morpho-physiological traits which help them to live even in aquatic
environments which provide a scarce nutrients content) and for the opportunistic and potential
pathogenic capacities of some species (19). Gram negative bacteria have also a high metabolic
activity, mainly correlated with temperature optimum and an increased turnover rate (9).
The isolated strains were also confirmed as Gram negative by the Gram staining test. It was
noticed that all the bacterial strains had the capacity to metabolize lactose at least on one
medium (EMB, MacConkey, or Cetrimide) (Figure 2). Bacterial strains from the majority of
lakes (excepting L. Rosu — LO1), metabolized esculine. Mannitol, lactose and esculine were
noticed to be metabolized on media just by bacterial strains from 2 lakes of MM complex —
L. Radacinoasele (L16) and L. Dracului (L17) (Figure 2). These lakes are largely covered by
very abundant submerged vegetation (manly Nitellopsis obtusa), which provides an important
source of carbon and nitrogen in the aquatic environments. Some of the strains grew on
Cetrimide medium or even metabolized lactose on it, fact that indicates their possible
affiliation to Pseudomonas genera. Further steps were focused on the identification of
planktonic bacterial species using enzymatic activity and API tests. The enzymatic activity
of the planktonic bacteria strains from the Danube Delta lakes in relation to the
environmental variables. Since bacteria species follow different metabolic pathways,
the enzymatic activity determination was used as accurate and rapid routine tests for
identification.
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Figure 2. The activity of planktonic bacterial strains from Danube Delta lakes on selective growth media (Champan,
EMB, MacConkey, Cetrimide and Bile Esculine). Average values are represented, based on numerical data
assigned to growth activity of strains isolated from the studied lakes water(0 - for the absence of growth on
medium, 1 - for growth without metabolic activity and 2 - forgrowth of colony and detected metabolic activity).
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Figure 3. The oxidase and catalase activity of the planktonic bacteria strains isolated from Danube Delta lakes.
Average values of the enzymatic activity of strains from the investigated lakes are presented based on numerical
data assignment: 0 - for the absence and 1 - for the presence of the oxidase and catalase activity

The results of the tests revealed that from 37 strains, 33 of 17 lakes (89.19%)
presented oxidase activity, only 4 of them being oxidase-negative. Regarding catalase activity,
the bacterial strains from 7 lakes did not present this enzyme (18.49%) (Figure 3). All
9 planktonic bacteria strains isolated from the four lakes sampled in Rosu-Puiu complex (Figure 1,
Table 1) presented oxidase activity and a catalase-negative reaction (Figure 3). From environmental
standpoint, these lakes present substantial differences: e.g. Rosu Lake is deep (over 3 m), with
a low vegetation coverage and high turbidity due to the permanent resuspension of the
sediment in the water column, while Rosulet or Mandra have higher macrophytes coverage,
especially submerged, and lower turbidity. Despite these differences, however, these lakes
recorded the highest average values of water depth, temperature, oxygen content, turbidity
and light intensity among the investigated complexes. (Table 2).
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Hence, the increased presence of the oxidase-positive strains in these lakes could be
linked to the environmental conditions which favor the oxidative metabolism of bacteria

(e.g. water aeration due to the waves).

Table 2. Average values of the environmental variables recorded in Danube Delt Rosu — Puiu (R-P),
Isac — Gorgova (I-G) and Matita — Merhei (M-M) lake complexe (means with STD)

Aquatic ecosystems complexes R - P lakes I - G lakes M — M lakes
n=4, mean (STD) n=4, mean (STD) n=10, mean (STD)

Depth (m) 3.02 (0.86) 2.5(0.33) 2.365(0.32)
Transparancy (m) 1.95 (0.36) 1.78 (0.40) 1.98 (0.17)
Temperature (°C) 22.88 (0.96) 21.4(0.52) 22.12 (0.44)
pH 7.99 (0.5) 8.03 (0.34) 7.735 (0.24)
Redox (mV) -84 (31.73) =77 (20.22) -60.9 (14.41)
Conductivity (uS/cm) 407.75 (15.94) 388.75(9.33) 406.6 (3.83)
Oxygen concentration (mg/L) 60.45 (30.28) 52.35(20.38) 43.66 (14.77)
Turbidity (NFU) 41.13 (28.63) 3.26(2) 1.456 (0.60)
Light intensity (lux) 88775 (21772.7) 34100 (12712.79) 79210 (34948.35)
Floating mac'rophytes coverage 18.75 (10.83) 25 (12.5) 17.5 (10)
(coverage units)
Submerged macrophytes coverage 40.63 (22.32) 46.88 (16.24) 35 (7.5)
(coverage units)

The differences between transparent and turbid lakes are not clearly determined by the
classic food chain (phytoplankton > zooplankton > fish), the microbial compartment attaining
higher biomasses in turbid lakes, compared with transparent shallow lakes due to the decreased
pressure of zooplankton communities (20, 21). Catalase is an enzyme found in nearly all
living organisms exposed to oxygen, its role being to catalyze the decomposition of hydrogen
peroxide (known as a potent antimcrobial agent) into water and oxygen and protecting the cell
from the oxidative damage produced by reactive oxygen species (ROS). From the four lakes
sampled in Isac-Gorgova complex the only one presenting oxidase-negative activity was the
large, deep lake Uzlina (L08). Regarding catalase activity — the shallow lakes Gorgostel (L7)
and Cuibul cu Lebede (L10), were catalase-negative for one of the isolated strains. In this
aquatic complex the highest mean coverage of the aquatic macrophytes (floating and submerged),
were detected, especially in the case of Gorgostel and Cuibul cu Lebede lakes, as well as the
highest pH and the lowest light intensity. In Matita-Merhei aquatic complex, comprising ten
sampled lakes with important heterogeneity in terms of their hidro-geo-morphology and
functionality, the bacterial enzymatic activity was mostly positive for oxidase (excepting two
strains— one from the L. Dracului — L.17 and the other from L. Rosca — L.21). All the oxidase
positive bacteria are known to be aerobic microorganisms, able to use oxygen as a terminal
electron acceptor in respiration. Bacteria that are oxidase-negative may be anaerobic, aerobic,
or facultative, that respires using other oxidases than the cytochrome c oxidase in their
electron transport process (22). Catalase activity varied widely, strains from L. La Amiaza
(L.12), L. Matita (L14, one strain), all the strains from L. Merhei Mic (L.19) and L. Lung
(L.20) being catalase-negative. This lake complex recorded the highest average values for
transparence and the lowest for depth (due to the presence of very shallow lakes), turbidity,
oxygen concentration and pH (mostly the case of the shallower lakes, where even if the aquatic
vegetation is abundant and provides oxygen, important degradative processes of the particulate
organic matter are taking place). The environmental variables which presented the main
influence in modulating the differences between the enzymatic activities of the bacterial strains
from the water of the studied lakes were further analyzed using NMDS multivariate statistical
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test (Figure 4). By this statistical method, almost the entire variance in samples distribution
appeared to be explained by the principal coordinate axis (axisl: 92%), showing how some
environmental variables (represented as vectors), or groups of variables, influenced the bacterial
enzymatic activity in the selected lakes (Figure 4). There are some similarities between
closely located or directly connected lakes. The similar enzymatic activity of bacterial strains
in LO1, L14, L21 and LO7 is determined by the depth and transparency of the lakes and in
a smaller proportion by their turbidity, temperature and light intensity, according to the
orientation and size of the environmental variable vectors (Figure 4). The enzymatic activity
of the other bacterial strains seems to be mainly influenced by the aquatic vegetation coverage,
oxygen concentration, conductivity, pH and redox potential conditions, and forms a relatively
close group. At lake complex level, the highest dissimilarities were recorded between R-P and
I-G lake complexes (Figure 4). The Danube Delta lakes are known for their good aerobic
conditions in the water column (especially in the subsurface layer, due to wave aeration and
oxygen release by the aquatic vegetation), which sustain the organic matter decomposition
processes conducted by planktonic bacteria. However, even if the decomposition processes
are more efficient under the mentioned aerobic conditions, often they are not fully completed,
partially metabolized organic matter remnants being accumulated in sediments, where mainly
follow slower fermentative processes of degradation (13).

Testing for the differences in the enzymatic activity and environmental variables
between the lake complexes. The degree of dissimilarity between the studied aquatic complexes
was determined based on the bacterial enzymatic activity and the specific environmental
variables using the SIMPER test. Further, the differences were tested for significance within
ANOSIM statistical test (Table 3). The highest degree of dissimilarity of the enzymatic activity
was observed between Rosu-Puiu (R-P) and Isac-Gorgova (I-G) lake complexes (41.67%;
R=0.47, p=0.0024), the results confirming the previous observation made on the NMDS plot
(Table 3, Figure 4). Regarding the enzymatic activity, catalase reaction was responsible for
this difference (29.1%), the oxidase being responsible for the rest of 12.5%. Environmental
variables explaining better this difference were: the light intensity (9.12% contribution) and
turbidity (2.89%) — higher in R-P and the redox potential (2.56%), conductivity (1.59%) and
the floating macrophytes coverage (0.96%) — higher in I-G lakes. The overall dissimilarity
regarding the enzymatic activity of the bacterial strains from Rosu-Puiu (R-P) and Matita-
Merhei (M-M) groups of lakes was lower than in the previous comparison (28.33%) and
assigned mainly to the catalase activity (23.33%), the oxidase activity contributing much less
to the dissimilarity (5%) (Table 3). The environmental variables of these two complexes differ
with 12.07%, the main factors being the light intensity (4.68%, highest in R-P complex),
turbidity (2.78%, lowest in M-M), redox potential (2.65%, highest in M-M), conductivity
(0.93 %) and floating macrophytes coverage (0.61%).

The third comparison between Isac-Gorgova (I-G) and Matita-Merhei (M-M) aquatic
complexes, did not show statistical significance for the enzymatic activity of the bacterial
strains (overall dissimilarity 27.92%, p=0.435). Regarding the environmental parameters, the
overall average dissimilarity was 12.88%, mostly due to the light intensity (7.89%, lowest in
I-G), the redox potential (2.04%), conductivity (1.46%) and floating macrophytes coverage
(0.99%, with highest coverage in I-G and lowest in M-M). Authors that studied the influence
of the environmental factors from the freshwater ecosystems (especially shallow lakes) on
the inhabitant planktonic bacteria communities, found that they are mainly regulated by the
hydrological regime, temperature, the UV radiation, suspended organic matter amounts,
nutrient concentrations (DIN, TRP and carbon sources), pH, conductivity, macrophytes,
phytoplankton and zooplankton communities (e.g. Daphnia grazers) development (21, 23, 24,
25, 26). The authors postulate also that each lake has its own distinct bacterial community.
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Figure 4. Non metric multidimensional scaling analysis (NMDS) of the oxidase and catalase enzymatic activities of
the planktonic bacteria communities from the Danube Delta lakes, under the influence of the environmental variables
(2D, Bray-Curtis similarity coefficient, R*: axis1=0.92, axis 2=0.04, stress value: 0.012). Symbols on the map
correspond with the lake affiliation to the aquatic complexes: the triangles — samples from Rosu-Puiu complex
(R-P, L1-L6), the asterisks — from Isac-Gorgova (I-G, L7-L10) and the dots — from Matita-Merhei (M-M, L11-L21).

Table 3. The average dissimilarity between the aquatic complexes of lakes studied in Danube Delta, regarding
the enzymatic activity of bacterial communities and the corresponding dataset of environmental variables. Paired
comparisons between lake complexes were performed using SIMPER and One-way ANOSIM statistical tests,
on the basis of the Bray-Curtis similarity coefficient.

Paired Enzymatic activity Environmental variables
comparisons (oxidase and catalase)
between Overall Main contributors to Global R Overall Global R
groups of lakes average dissimilarity (%) (ANOSIM) average (ANOSIM)
dissimilarity dissimilarity
(%) (SIMPER) (%) (SIMPER)
R-P vs. I-G 41.67 Catalase (29.1) and 0.47 17.57 0.57
oxidase activity (12.5) (p=0.0024) (p=0.028)
R-P vs. M-M 28.33 Catalase (23.33) and 0.02 12.07 0.35
oxidase activity (5) (p=0.04) (p=0.025)
I-G vs. M-M 27.92 Catalase (16.04) and 0.16 12.88 0.43
oxidase activity (11.87) (p=0.435) (p=0.008)

Planktonic bacteria species identified in the Danube Delta lakes. Among the
identified species, Aeromonas sabria spp. was found in L. Rosulet (L02); the species is
known as able to cause diseases to animals and humans (27, 28) Aeromonas hydrophila/cavie
was identified in lake Merhei from Matita-Merhei aquatic complex. In L. Cuibul cu Lebede
(L10, Isac — Gorgova complex) four bacteria species were identified: Providencia heimbache,
Providencia alcalifaciens, Enterobacter cancerogenus and Photorhabdus luminescens.
Enterobacter cancerogenus may cause infections to person which suffer physical wounds in
this environment (29), and Photorhabdus luminescens is usually associated with nematodes,
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not with human infections (30). From Lake Isac (L09, I-G complex) — Hafnia alvei,
Obesumbacterium proteus and Shimwellia pseudoproteus were isolated. Escherichia coli was
isolated from L. Gorgostel (L07) from Isac — Gorgova complex, but as well in L. Matita (L14)
of the Matita — Merhei aquatic complex of the Danube Delta. Additionally, the presence of
Shigella dysenteriae was detected in L. Matita, both bacterial species being recognized for
their pathogenic potential, being responsible for diseases like diarrhea, hemorrhagic colitis,
renal infections, etc. (31).

Some wetland bacteria are undoubtedly pathogenic, but not much is known about
them (9). On the one hand, they represent a control factor in the aquatic ecosystems,
limitating the overdevelopment of some organism populations (aquatic insects, fish, aquatic
birds, etc.) (9, 12). On the other hand, aquatic media is one of the main sources of antibiotic
resistance dissemination and transfer (32). There are some studies indicating that bacteria
isolated from natural media are more resistant to antibiotics and disinfectant solutions then
clinical isolates (32, 33). Given the self-purification capacity of the natural aquatic
ecosystems, their concentration is not likely to reach alarming levels at the moment. However,
in the context of climate changes, with decreasing water inflows and increasing temperatures
and frequency of extreme events (droughts/floods), the development of these species may
be favored by the new climate conditions, posing health risks for the local communities.

4. Conclusions

37 Gram negative bacterial strains were isolated from selected Danube Delta lakes by
growing them on selective media. Transparency, depth, turbidity, light intensity, macrophytes
coverage, seems to be the key factors influencing the activity of bacterioplankton communities.
Despite lakes connectivity, the three lake complexes presented notable differences concerning
the environmental parameters, and consequently, differences between the bacterioplankton
species and their enzymatic activity. The highest dissimilarity was found between Rosu-Puiu
(R-P) and Isac-Gorgova (I-G) lake complexes. Further studies should focus on the assessment
of other types of extracellular enzymatic activities of bakterioplankton and bakteriobenthos
communities in order to emphasize their ability to metabolize the organic matter and their
capacity of provisioning ecosystem services. Identifying the environmental variables with
essential role in their development could represent useful tools for decision makers for the
management of these waterbodies.
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