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Introduction

Abstract

The bacterial community of a flow-through aquaculture farm with cultured rainbow
trout in northern Germany was analysed in summer and autumn 2020. Water samples
were taken when entering (inflow) and leaving (outflow) the fish raceways. The study
was based on bacterial counts to estimate the heterotrophic bacterial load and on
isolation of bacterial strains by using selective growth media. Strain identification was
performed by sequencing the V3-V4 hypervariable region of the 16S rDNA gene
fragment. Heterotrophs abundance showed high variability and temporal variation
between sampling points, which was related to water temperature changes. It tended
to be higher in the outflow water compared to the inflow water during the warm
period, associated with the observation of skin ulcerations, fin necrosis or
exophthalmia. The opposite was observed during the cold period. Potentially fish
pathogenic bacteria and fungi were detected in both periods regardless of
heterotrophic bacterial loads, although fish diseases were only reported during the
warm period. The method presented allows the rapid identification of bacterial
pathogens that may potentially infect fish, and serves as a guide or indicator to
anticipate disease events during the most problematic season of the year.

Commission et al., 2023). Since 2021, aquaculture in
Germany suffers an annual decline of 1.8%, and is still

Aquaculture offers a viable solution to secure the
demand for aquatic animals and protect the wild fish
stocks (Ritchie & Roser, 2021). In 2024, aquaculture
production volumes exceeded the wild catches for the
first time. Therefore, prioritizing environmentally
sustainable practices and promoting regional
production is essential for the growth of the aquaculture
industry (EC, 2021). In Germany, open aquaculture
systems that operate at freshwater environments are
located at obtain the water from natural sources such as
rivers, lakes or groundwater (Statistisches Bundesamt
[Destatis], 2024). Rainbow trout (Oncorhynchus mykiss)
is one of the mostly produced freshwater species in
Germany, and in 2020, this business was responsible for
approximately 2,400 employment positions (European

Published by Central Fisheries Research Institute (SUMAE) Trabzon, Tirkiye.

not able to cope with some problems associated with
these traditional systems (Statistisches Bundesamt
[Destatis], 2025). The limitations that affect Germany
aquaculture industry are for instance the increase of
energy and fuel prices, market competition (STECF,
2023), new regulations for animal husbandry (Luthman
& Robb, 2024) and for environmental conservation
(Bostock et al.,, 2016), which limit the use of
antimicrobials or chemicals for disease prevention and
treatment.

Semi-intensive open water aquaculture strongly
relies on high amounts of water to supply the farmed
animals and ensure an adequate oxygenation of the
water. This constant need of water means that other
biological agents, such as bacteria, parasites and other
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animal species, enter the aquaculture system and may
interfere with the cultivated fish. One major concern is
the occurrence of infections, which can spread rapidly
inside the farm when the fish are under stress or are
stocked at high densities. Water in the rearing system
has a high nutrient load due to farming activities, which
favors the growth of heterotrophic opportunistic
bacteria and fungi. They also colonize the surfaces
(tanks and pipes) from the system by forming biofilm
layers that allows a better survival against external
factors and persists over longer time span (Wang et al.,
2012). Several opportunistic microorganisms such as
Aeromonas sp., Staphylococcus sp., Pseudomonas sp.,
Acinetobacter sp., Vibrio sp. (Toranzo, 2004),
Acinetobacter sp. (Kozinska et al., 2014; Zhang et al.,
2023), Staphylococcus sp. (Ganak & Timur, 2020), and
others living in the biofilm and water are capable of
infecting rainbow trout and/or other freshwater fish
species.

Disease outbreaks in fish farms can result in high
economic losses caused by high mortality rates and
devaluation of fish with visible skin lesions (Maldonado-
Miranda et al., 2022). An effective disease prevention
strategy is one of the major challenges of fish farmers,
especially in open water intensive systems, where fish
might get stressed from environmental changes and are
more prone to suffer diseases (Okon et al.,, 2023).
Farmers commonly treat the water with disinfectants as
a preventive measure against bacterial and parasitic
agents. Other negative impacts associated with hygienic
measures and disease treatment practices include the
use of antibiotics because it favours the apparition of
resistance in bacterial populations. Additionally, the
wastewater has a lower quality due to an increased
amount of nutrients resulting from the fish metabolism
and uneaten feed (Ottinger et al., 2016). The continued
discharge of aquaculture effluents into the natural
environment could have undesirable effects on the
aquatic microbial community. Microbial communities in
natural waters are characterized by the environmental
conditions that vary temporally and spatially and define
each habitat, although their changing patterns are often
not fully understood (Atlas 1984; Nogales et al., 2007).
The characterization of aquatic communities through
metagenomic techniques may potentially become a
non-invasive tool for anticipating disease events in the
aquaculture sector, although it needs to be further
developed. Additionally, this technology is often not
accessible to small businesses that need quick and cost-
effective solutions.

Early detection of the pathogen and rapid response
is key to control a disease outbreack. Therefore,
temporal monitoring of open aquaculture systems is
necessary to optimize disease control and prevention
measures, as well as to mitigate pathogens dispersion to
the natural environment. The use of classical
microbiological methods in combination with an
elaborated sampling plan could serve as an economic
and environmentally friendly tool for disease prevention

in open water aquaculture systems. The aim of the
present study was to test a non-invasive rapid
methodology to detect and count potential fish
pathogens during significant water temperature
changes from an open through-flow aquaculture system
with cultured rainbow trout.

Materials and Methods
Location and Description of the Sampling Site

The study was carried out at Forellenzucht Uhthoff
GmbH (Figure 1), located at the northern side of Lake
Tollense in Neubrandenburg, Mecklenburg-Western
Pomerania, Germany. Lake Tollense is considered a Site
of Community Importance (SCI) by NATURA 2000
network (Nixdorf et al., 2004), which implies its aquatic
fauna and flora conservation. The lake is surrounded by
natural forest and agricultural land, with the exception
of the northern shore, which is adjacent to the city
Neubrandenburg. Freshwater supply of max. 8 m3 st is
obtained from the lake Tollense via the Olmiihlenbach
Canal, which flows continuously by gravity into the
aquaculture raceway system. The fish farm consists of a
hatchery and grow out fiberglass tanks and raceways
(n=78) since the fish production spans over the entire
lifecycle. Each raceway has a volume of 7m3 and has a
constant renovation of water of several hundred L-sec™.
The fish species produced are mainly rainbow trout (O.
mykiss), arctic charr (Salvelinus alpinus) and European
sturgeon (Acipenser sturio), and from the latter they
maintain a broodstock for obtaining eggs thorough the
year. The fish farm usually stocks juvenile trout (appr.
50-80g in weight) at late spring. These stocked fish are
obtained from polish suppliers. Fish are fattened,
harvested during the year, and distributed regionally at
sizes of 500 — 1000g. The farm produces around 60 to 80
tons of fish per year and operate with stocking densities
of up to 11-14 kg:m3 during warm period. Formalin 10%
is commonly used to disinfect equipment and empty
raceways. When the water temperature is above 10°C,
fish are treated once a week with 13-15% peroxyacetic
acid by directly adding the disinfectant into the flow-
through raceways. The same treatment is applied for 4
to 5 consecutive days for incoming fish or fish that show
disease symptoms. As disease treatment against
parasites, the raceways can be separated from the main
water flow, and the fish are subjected to bath treatment
for 30 minutes with formalin 10%. The treatment
against parasites is often applied to S. alpinus during
autumn season.

Water and Fish Swab Sampling

To assess the problematic months of the year,
which was during high water temperatures, the data
was obtained from the moment when new fish entered
the system until most of the stocked fish were
harvested. Water and fish were sampled twice in
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summer (22" of July and 4" of August) and twice in
autumn 2020 (14™ September and 26% October).
Samples are grouped according to the water
temperature in; (1) warm period, with water
temperatures ranging 17 — 23°C (from June until
August), and (2) cold period, with water temperatures
below 17°C (September and October). Water
temperature and pH were measured inside the
aquaculture farm (Table 1). The water parameters from
the 9% of June and 29" of July were recorded by the fish
farmers. Ten adult rainbow trout were randomly
sampled from the raceway tanks at each sampling date,
except on the 9% of June and 29" of July. The employers
from the farm reported diseased fingerlings in one of
the tanks of the installation. Therefore, 10 fingerlings
were additionally sampled on the 22" of July 2020. To
minimize the animal stress level, a non-invasive
technique using swabs was implemented for the
detection of opportunistic microbes from the mucus of
the skin.

Heterotrophic Bacterial Load

For counting the fast-growing and heterotrophic
bacteria, namely opportunistic  bacteria, the
heterotrophic plate count method was used
(Gensberger et al., 2015). Samples were taken from the
inflow and from the water that collectively leaves the
entire system (outflow). At least 1L of water was

aseptically collected into sterile glass containers and
transported to the facilities at University of Rostock.
Serial dilutions (from 10! to 10#) of water subsamples
(100 pl) were inoculated in triplicates on Plate-Count-
Agar (Mibius e.K., Dusseldorf) and incubated for 24
hours at 23°C. A negative control for each dilution group
was prepared by inoculating 100 pl autoclaved sterilized
water. The total bacterial counts (CFU) were calculated
by using the following formula:

No. colonies x dilution factor (mL)
Volume subsample inoculated (mL)

CFU =

A two sample F-test for variances followed by a
two-sample t-test assuming equal or unequal variances
were calculated for comparing the CFU means between
inflow and outflow samples. Differences were accepted
as statistically different at P<0.05. Dissimilarity and
contribution percentages were obtained with Primer 7
after performing a Bray-Curtis similarity analysis across
age and season groups. Contributions under 70% were
cut off the analysis.

Pathogenic Microorganisms’ Selection and
Identification

The criteria for isolating fast-growing opportunistic
fish pathogens was based on a non-invasive sampling
method that allowed to identify the strains within 48 to

Figure 1. Picture of the flow-through aquaculture system Forellezucht Uhthoff, Neubrandenburg, Germany (Clols-Fuentes et al.,
2024). The overview of the facility with the inflow (left), a closer view of the concrete raceways (middle) and an image of the water
discharging from the raceway tanks (right).

Table 1. Information of the sampling dates and the water parameters measured. Two sampling points were considered, water

inflow and outflow

pH Temperature (2C)
Date Inflow Outflow Inflow Outflow
09/06/2020 7.1 7.6 17.0 17.0
22/07/2020 7.3 7.1 19.0 19.0
29/07/2020 7.6 7.6 23.0 23.0
04/08/2020 7.4 7.4 19.7 19.7
14/09/2020 7.4 7.5 15.5 15.5
26/10/2020 6.9 6.8 12.5 12.5
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72 hours, which is commonly used for disease diagnose
(Crumlish, 2017). The fish skin-mucus was sampled by
swabbing a 3 cm? region posterior to the pectoral fin
with sterile Amies Agar Gel with Charcoal Transport
Swabs and transported in cold conditions to the
laboratory. Swabs were streaked aseptically on five
different selective media plates, and in triplicates:
Columbia Naladixic Acid (CNA) agar, Glutamate-Starch-
Phenolred (GSP) medium, Hugh Leifson medium,
Thiosulfate-Citrate-Bile Saltes-Sucrose (TCBS) agar and
Enriched Cytophaga medium. A negative control group
for each type of medium was prepared using sterile
swabs. After a 24-48h incubation at 23°C, the colonies
were morphologically recognizable. Isolates were
processed for molecular analyses based on 16S DNA
gene sequencing. DNA was extracted using DNeasy
UltraClean Microbial Kit (Qiagen GmbH, Hilden). The V3-
V4 hypervariable region of the 16S gene, commonly
used for molecular identification in diagnostic studies
(Janda and Abbott, 2007) was amplified by RT-PCR from
gDNA extracts with universal primers 27F (5'-
AGAGTTTGATCMTGGCTCAG- 3°) and 1492R (5'-
GGTTACCTTGTTACGACTT- 3’). For each sample and a
negative control, RT-PCR reactions were performed with
2.5 ul of forward and reverse primers, 25 pl of Tag PCR
Master Mix (Qiagen GmbH, Hilden), 15 pl H20 and 4 ng
gDNA. The amplification protocol was based on an initial
activation step followed by 30 cycles of denaturation
step at 94°C for 30 sec, annealing step at 57°C for 30 sec
and elongation step at 72°C for 1 min. Purification of the
PCR products was obtained by using the QIAquick PCR
Purification Kit (Qiagen GmbH, Hilden). The resulting
DNA products were sent to an external laboratory
(Microsynth Seqlab GmbH, Germany), which performed
a Sanger sequencing of the 16S rRNA gene fragments.
The resulting nucleotide segments were aligned by using
the Basic Local Alignment Search Tool (BLAST) from the
National Center for Biotechnology Information (NCBI,
Bethesda USA) “16S rRNA (Bacteria and Archaea)”
database.

To identify which species contribute the most to
dissimilarities within groups, we performed a similarity
percentages test (SIMPER) in PRIMER-e (Auckland, New
Zealand). The SIMPER used two-way Bray-Curtis
similarity between the groups, and obtained the
average contribution of each specie to the overall
dissimilarity between groups. Calculations were usedto
construct the multi-dimensional scaling (MDS) graphs,
which correlates values between periods and bacterial
counts or species. The MDS graph allows to visualise the
levels of similarities and distance between samples.

Results

This section contains the representation and
analysis of the data obtained after processing the
samples, as well as additional information prepared to
provide with a more comprehensive understanding of
the pathogens currently infecting fish.

Total Viable Bacterial Counts from Water Samples

The quantification from heterotrophic and aerobic
bacteria inside the fish farm showed high variability
between sampling dates (Figure 2). Water temperature
ranged from 12.5°C to 23.0°C and pH from 6.8 to 7.6.
Counts obtained from the inflow water samples ranged
from 1x10"3 CFU/ml to 3.05x10" CFU/ml and from the
outflow ranged from 3.3 x 103 CFU/ml to 6 x 102 CFU/ml.
The bacterial load tended to be higher at the outflow
water compared to the inflow during the warm period,
especially in August. The opposite trend was observed
during autumn, although no statically significant
differences were obtained (P<0.05).

Bacterial and Fungal Strains from Fish Swabs

Two fungal species unexpectantly grew on CNA-
Agar and Hugh Leifson Agar, which are typically selective
mediums for the isolation of the bacterial groups
Staphylococcus, Streptococcus and Enterobacteriaceae.
The bacterial and fungal strains that were isolated from
the selective media are listed in Table 2. The
bibliographic research of each microorganism showed
how some of the strains were previously reported as the
causative agent of a fish disease and some had probiotic
properties, such as Lactococcus lactiis.

Potentially pathogenic bacteria and fungi sampled
from the skin mucus of the O. mykiss were Pseudomonas
sp., Pseudomonas fluorescens, Acinetobacter sp.,
Aeromonas sp., Aeromonas hydrophila, Micrococcus
endophyticus and Candida holmii. The mentioned
microbes were detected at a higher number from fish
during warm period compared with the cold period.
Species with the highest percentage contribution were
P. fluorescens and Pseudomonas sp. sampled during
warm period, followed by Aeromonas sp. sampled
during warm and cold period. Acinetobacter sp. was also
only identified at warm period. Several fish showed
disease symptoms during the warm period. Skin
ulcerations were observed on 5/30 of the sampled fishes
(17%) and 6/10 fingerlings (60%) showed other minor
symptoms, such as fin necrosis or exophthalmia.

Graphical Representation and Analysis of the Data

A metric MDS was constructed using the software
PRIMER-e (version 7) with the data obtained after
processing the swab samples. Each point from the
metric MDS graph represents the number of colonies
from each swab sample obtained from the skin mucus
of an individual fish. The graph was produced only with
the counts from Pseudomonas sp., P. fluorescens,
Acinetobacter sp., M. endophyticus, Aeromonas sp. and
A. hydrophila. Vectors representing the contribution of
each bacteria species are shown in Figure 3. The total
number of fish with pathogens on the skin-mucus was
higher during warm period compared to cold period.
The microbial community of selected potential
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Figure 2. Bar plot representing viable bacterial count medium (CFU/ml) values for water inflow and outflow samples obtained at
the fish farm Uhthoff, Neubrandenburg. Standard deviation mean is defined with black lines. Each bar corresponds to the CFU/ml
counted at different months of summer and fall season; June, July, August (Aug), September (Sept), and October (Oct).

Table 2. List of bacterial and fungal strains isolated from O. mykiss mucus sampled from summer to autumn 2020. The total counts

are the sum of the colonies counted during both seasons. Information not available; N/A

Genus/ Species Reported dlsea§e or other Total References
properties counts
., 2019; g )
Aeromonas salmonicida subs. salmonicida Furunculosis 24 Connors et al, 2(:) 099’ Aydogan etal,
A. hydrophila Motile Aeror?“c;lr;a;s) septicaemia 10 LaPatra et al., 2010; Nya et al., 2009
. . .. Skin ulcerations and internal
Acinetobacter iwoffii 11 Zhang et al., 2023;Duman et al., 2020
haemorrhage
Aureobasidium pullulans N/A 5 N/A
Brevundimonas bullata N/A 9 Zhou et al., 2011
Candida holmii N/A 2 Seyedmousavi et al., 2018
. . . . Bernardet et al., 2005; Loch and
Chryseobacterium sp. Skin and tissue ulcerations 15 Faisal, 2014
-L ., 2024, j
Debaryomyces hansenii N/A, Potential probiotic 1 Morales-Lange etal,, 2024; Sanahuja
et al., 2023
Lactococcus lactis N/A, Potential probiotic 10 Yeganeh et al., 2021
Microbacterium oxydans N/A, Potential probiotic 10 Ringg et al., 2006
Micrococcus endophyticus N/A 12 N/A
Pedobacter sp. N/A 1 Zhang et al., 2022
Arthrobacter sp. Skin ulceration 8 Kampfer et al., 2020
Pseudomonas fluorescens Septicaemia 14 Shabana et al., 2022
Pseudomonas sp. Septicaemia 15 Altinok et al., 2006; Algammal et al.,
2020
Skermanella aerolata N/A 1 N/A
. Oh et al., 2019; Abdel-Gawad et al.,
Staphylococcus equorum Zoonosis 1 2015
Stenotrophomonas sp. intussusception syndrome 4 Rosado et al, 2019; Abraham et al.,

2016
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pathogens was relatively similar during the warm
period, because all samples displayed a less dissimilarity
distance, in comparison with the samples obtained
during autumn (Figure 3).

The composition of the microbial community
showed very high dissimilarity percentages when
comparing the two age groups and seasons (Table 3).
Contribution percentages of the species was higher
during warm period compared to cold period, being
Pseudomonas sp., P. fluorescens and M. endophyticus, in
descending order, the predominant candidates during
warm period and Aeromonas sp. during autumn
(Table 3).

Discussion

This study was conducted before, during and after
the most critical season for an open flow-through
aquaculture system with O. mykiss in northern
Germany. To do so, the research was conducted during
the months when fish are more prone to develop
infections or lesions, particularly in August and early
September depending on the climatic conditions of the
year. Classical bacteriological methods were used to
quantify the heterotrophic bacterial load from the water

that enters the system (inflow) and that exits the system
(outflow), and to identify potentially pathogenic
microorganisms. Methods were chosen due to their
simplicity, cost-effectiveness, and quick obtention of
results. Owning the increasing efforts to study the
infection and transmission biology of fish pathogens in
aquaculture environments, the presented data may be
applicable in the near future for modelling the fish
disease dynamics in cage culture systems (de Blas et al.,
2020; Ogiit, 2001).

The sampled aquaculture system exemplifies the
fluctuations of the heterotrophic bacterial load in
relationship to water temperature (Figure 2). Two
phases were observed in bacterial growth dynamics. On
the one hand, from June to August, the bacterial counts
of the inflow water tended to be lower than of the
outflow water. Changes in water quality and its bacterial
community have been documented when aquaculture
activities depend on the natural environments (Dunne
et al., 2021; Zhang et al., 2020). The enrichment of the
water nutrients, with higher load of particulate organic
matter, nitrogen, and phosphate, is often associated
with fish feeding events and the fish metabolism
originated from farming activities (Shireman & Cichra,
1994). A previous study on the water microbiome from
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Figure 3. Metric Multidimensional scaling (mMDS) plot of mucosal bacteria and fungi detected on fish from Neubrandenburg. Each
point represents one fish in which pathogenic microorganisms were identified. Blue points belong to the cold period, and red
points to the warm period. The plot indicates simple matching similarity between samples as ordinated with dimensions k=2 and
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samples.



Aquaculture Studies, 25(5), 254-265

260

AQUAST2395

the same farm also showed modulations between the
inflow water entering the system and the water effluent
(Clols-Fuentes et al., 2024). This study reported at a
specific time point an increase on heterotrophic groups
at the effluent compared to inflow water, as well as a
higher proportion of Pseudomonas sp. These
observations concur with the results obtained in the
present study, where the microbial pathogens were
more commonly detected during the warm period
(Table 3). In total, seven potentially pathogenic
microorganisms were identified at the warm period, and
only three at the cold period (Figure 3). Pathogenic
microbes are also known as opportunistic bacteria
because of their highly efficiency on populate resource-
rich environments, and most commonly use C and N
sources (Sigee, 2004). Most of the documented fish
pathogens benefit from higher temperatures and
nutrients, since they have an heterotrophic metabolism
(Duman et al., 2020; Kampfer et al., 2020; Zhao et al.,
2020; Tello-Martin et al., 2018; Vadstein et al., 2018).
Additionally, the raceways have large surface areas
where pathogens can colonize and form a stable biofilm
layer that resists unfavourable conditions and persists
over longer time spans (Schoina et al., 2022). The genus
Pseudomonas was one of the predominant species
encountered, with contribution percentages of 82% in
the cold period and 27.64% in the warm period
(Table 3). A high occurrence of Acinetobacter sp., which
causes infections to various fish species including
rainbow trout (Gonzalez-Palacios, 2020; Gram, 1999),
was also detected during the warm period
consequently, it is being suggested that the increase of
water temperature (during the warm period) and
nutrients inside the production unit may promote the
growth of the heterotrophic and pathogenic microbes.
During a second phase between September and
October, the effluent water had less heterotrophic
bacteria compared with the inflow water. High bacterial
loads in the inflow at the end of the summer and
beginning autumn could be caused through high
amounts of decomposing bacteria that decay biomass
from algae blooms and plant growth during the year
(Sharma et al.,, 2019). During the studied months,
disinfection treatments are routinely applied in the
water to eliminate pathogenic agents. These treatments
may have resulted in the reduction of the parasitical and

bacterial load after being applied consecutively, as we
observed during the months of September and October
(Figure 2). Despite disinfection measures, the fish
remained susceptible to multiple infections.

The risk of infection in aquaculture is mostly
attributed to different factors, such as high stocking
densities, poor water quality, or unpredictable
temperature variations (Clark et al.,, 2021). Firstly,
intensive farming systems stock fish at higher densities,
so fish are continuously in contact with each other. Thus,
high stocking density and the coinfection with other
pathogens such as parasites, is a factor that can magnify
and accelerate infections rates (Okon et al., 2023). A
seasonal trend was observed in a parasitological study
from the same aquaculture facility with 0. mykiss (Unger
et al., 2022). Fish were infested with nine different
metazoan parasite species during summer, while in April
and November of the same year only four metazoan
parasite species were found in the same batch of fish.
Secondly, the toxicity of PAA and formalin is higher at
low alkaline waters and low temperatures (Kunigk et al.,
2001), which could act as a stressor that compromises
the fish immune refenses against pathogens (Mota el al.,
2022; Straus et al., 2018; Pedersen et al., 2007; Chinabut
et al., 1988). It could be questioned if this disinfection
might be required at lower temperatures to avoid
negative effects onto the adult and/or juvenile fish
health. Additionally, the reduction of heterotrophs at
the outflow and disinfectant residuals could affect the
microbial community from the natural water body by
altering the nutrient cycle and/or promoting the
apparition of pathogens that are resistant to treatments
with different substances and drugs (Rozman et al.,
2021; Sahulka et al., 2021).

In aquaculture, the water temperature is a decisive
factor that interacts with the levels of dissolved oxygen
(DO), pH, nutrients cycle, the bacterial community’s
composition, and the fish physiological stability. Higher
water temperature reduces the DO levels (Rajesh &
Rehana, 2022), which in combination cause
physiological stresses on the fish (Walakira et al., 2014).

The higher the heterotrophic bacterial load, the
less DO is available since these bacteria also consume
oxygen. A higher bacterial load combined with a low DO
and high ammonia values are often attributed to lower
fish survival rates and a higher risk to experience disease

Table 3. Contribution (Contr%) percentages of the potentially pathogenic bacterial and fungal species sampled from the fish mucus

of the skin surface

Contribution (%)

Species Adult Fingerling Contr% across age Summer Fall Contr% across seasons
Pseudomonas sp. 35.98 13.60 27.64 82.00 30.35
Pseudomonas fluorescens 22.70 15.69 22.53 0 16.51
Acinetobacter sp. 13.98 14.71 5 15.56
Aeromonas sp. 31.46 26.11 10.29 85 16.25
Aeromonas hydrophila 14.71 0

Micrococcus endophytics 50.30 23.66 17.61 0

Average dissimilarity 90.17 95.62
Average similarity 17.02 23.24 25.72 4.41
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outbreaks (Gamoori et al., 2023; Hossain et al., 2021).
Rainbow trout tolerate narrow ranges of dissolved
oxygen and temperature, so DO levels below 5.0-6.0 g/L
and temperature above 24°C are critical for normal
metabolic activities (Stiller et al., 2017). Under such
conditions the fish are more vulnerable to opportunistic
infections, which can rapidly spread and affect a large
part of the fish population (Manchanayake et al., 2023;
Mramba and Kahindi, 2023). Similarly, in another case
from trout raised in a river, bacterial pathogens were
also reported during summer (Delghandi et al., 2020).
The authors suggested, that temperature might act as a
main stressor factor that can lead to subsequent disease
outbreaks. At the presented study, more juvenile fish
(around 60%) had disease symptoms compared with the
adults. The use of disinfectants in the water to reduce
the bacterial load might be effective for adult fish, but
could impair juveniles. Early stages of development are
more susceptible when exposed to chemicals than
adults (Mohammed, 2013), so disease preventive
treatments must be adjusted to each fish age, species
and season. Juveniles showed some body lesions that
could be attributed to an infection with Aeromonas sp.
or Micrococcus endophytics. It is of great difficulty to link
a specific disease to the symptomatic fishes reported,
since several opportunistic bacteria were
simultaneously  isolated from the  samples.
Nevertheless, the information obtained in this study
could serve as a guide to identify the bacterial species
with the highest likelihood of causing infections and to
define the time periods when disease events are most
likely to occur.

Finally, the findings may provide valuable insights
with implications for environmental monitoring and
ecosystem conservation. Fish farms act as reservoirs for
different pathogenic agents, that can be transferred to
the wild fauna and the natural environment (Muziasari
et al., 2017). In most of the intensified systems it has
been reported a negative impact to the microbiome,
fauna and flora of the natural reservoir where
wastewater is discharged (Marmen et al., 2021). In other
cases, an impact attributed to the farming activities was
very low and seasonal variations were the main drivers
defining the water microbiome dynamics (Marmen et
al., 2021). Indeed, the potential impacts that freshwater
aquaculture systems have to the microbiome of the
natural reservoirs are difficult to establish, and depend
on the nature of the water body. Since some microbial
taxonomic groups tended to change in abundance
between inflow and outflow, but the differences were
not significative (P<0.05) (Clols-Fuentes et al., 2024), it is
suggested that aquaculture activities had minimal
impact on the water microbiome’s functionality.
However, further investigations of the fauna and
microbial community from the studied region should be
considered to determine if such aquaculture activities
damage the surrounding ecosystem. Integrating the
presented bacteriological monitoring into the farm’s
preventive strategy plan, could aid in anticipating major

disease events and contribute to reduce and adapt
water disinfection treatments.

Conclusion

Our results showed that the heterotrophic
bacterial load, presence of pathogens and apparition of
diseased fish followed a seasonal pattern in relationship
to water temperature fluctuations. Changes in bacterial
abundances and pathogenic community inside the fish
farm were notably more pronounced during the warm
period. It is suggested that the water source, the water
temperature and disease controlling measures of the
farm could have decisive effects onto fish health.
Frequent microbial monitoring can support the farmers
understanding of the natural bacterial fluctuations and
threads to their fish, and coping with their efforts to
reduce chemical/disinfectants input while improving
disease preventive strategies.

Ethical Statement

The work presented is original, and its research is
conducted in a way that respects the rights, dignity, and
welfare of the participants. Fish were manipulated
according to the German regulations for animal
protection, namely “Animal Welfare Act in the version
published on 18 May 2006 (Federal Law Gazette | p.
1206, 1313), last amended by Article 2 (20) of the Act of
20 December 2022 (Federal Law Gazette | p. 2752).”

Funding Information

This work was supported by the European Fisheries
Fund (EMFF) and the Ministry of Agriculture and
Environment from Mecklenburg-Western Pomerania as
part of the project Hygiene Management and Health
Concept for surface water-dependent partial circulation
systems in M-V (project grant number MV-Il. 12-LM-03).

Author Contribution

Conceptualization, J.C.F, P.U. and H. P,
methodology, J.C.F.; software, J.C.F.; validation, P.U.
and H.P.; formal analysis, J.C.F. and P.U.; investigation,
J.C.F.; resources, P.U. and H.P.; data curation P.U.;
writing — original draft preparation, J.C.F.; writing —
review and editing, P.U. and H.P.; visualization, J.C.F.;
supervision, P.U.; project administration, P.U.; funding
acquisition, P.U. and H.P. All authors have read and
agreed to the published version of the manuscript.

Conflict of Interest

The author(s) declare that they have no known
competing financial or non-financial, professional, or
personal conflicts that could have appeared to influence
the work reported in this paper.



Aquaculture Studies, 25(5), 254-265

262

AQUAST2395

Acknowledgements

We thank Dr. Regina Dibbert for its technical and
educational support for acquiring the mentioned
laboratory methodology. We appreciate the support of
Mr. Uhthoff for being in closely cooperation with the
investigations conducted at his company.

References

Abdel-Gawad, F. K., Eweda, W. E., El-Taweel, G. E., Shehata, S.
F., & Tawab, M. . A. (2015). Detection of Staphylococcus
aureus from fish and water samples collected from Lake
Qarun. International Journal of Scientific & Engineering
Research, 6, 366-372.

Abraham, T. J., Paul, P., Adikesavalu, H., Patra, A., & Banerjee,
S. (2016). Stenotrophomonas maltophilia as an
opportunistic pathogen in cultured African catfish Clarias
gariepinus (Burchell, 1822). Aquaculture, 450, 168-172.
https://doi.org/10.1016/j.aquaculture.2015.07.015

Algammal, A. M., Mabrok, M., Sivaramasamy, E., Youssef, F.
M., Atwa, M. H., El-kholy, A. W., Hetta, H. F., & Hozzein,
W. N. (2020). Emerging MDR-Pseudomonas aeruginosa
in fish commonly harbor oprL and toxA virulence genes
and blaTEM, blaCTX-M, and tetA antibiotic-resistance
genes. Scientific Reports, 10(1), 15961.
https://doi.org/10.1038/s41598-020-72264-4

Altinok, I., Kayis, S., & Capkin, E. (2006). Pseudomonas putida
infection in rainbow trout. Aquaculture, 261(3), 850—
855.
https://doi.org/10.1016/j.aquaculture.2006.09.009

Atlas, R. M. (1984). Use of microbial diversity measurements
to assess environmental stress. Current perspectives in
microbial ecology, 540-545.

Aydogan, A., & MetiN, N. (2009). Aeromonas salmonicida ile
Enfekte Edilen Gokkusagi Alabaliklarinda (Oncorhynchus
mykiss ~ Walbaum, 1792)  Patolojik  Bulgularin
incelenmesi. Kafkas Universitesi Veteriner Fakultesi
Dergisi, 16, 325-328
https://doi.org/10.9775/kvfd.2010.2490

Bernardet, J.-F., Vancanneyt, M., Matte-Tailliez, O., Grisez, L.,
Tailliez, P., Bizet, C., Nowakowski, M., Kerouault, B., &
Swings, J. (2005). Polyphasic study of Chryseobacterium
strains isolated from diseased aquatic animals.
Systematic and Applied Microbiology, 28(7), 640-660.
https://doi.org/10.1016/j.syapm.2005.03.016

Bostock, J., Lane, A., Hough, C. et al. An assessment of the
economic contribution of EU aquaculture production
and the influence of policies for its sustainable
development. Aquacult Int 24, 699-733 (2016).
https://doi.org/10.1007/s10499-016-9992-1

de Blas, I., Muniesa, A., Vallejo, A., & Ruiz-Zarzuela, 1. (2020).
Assessment of Sample Size Calculations Used in
Aquaculture by Simulation Techniques. Frontiers in
veterinary science, 7, 253.
https://doi.org/10.3389/fvets.2020.00253

Clols-Fuentes, J., Nguinkal, J. A., Unger, P., Kreikemeyer, B., &
Palm, H. W. (2024). Bacterial Communities from Two
Freshwater Aquaculture Systems in Northern Germany.
Environmental microbiology reports, 16(6), e70062.
https://doi.org/10.1111/1758-2229.70062

Connors, E., Soto-Davila, M., Hossain, A., Vasquez, |.,
Gnanagobal, H., & Santander, J. (2019). Identification
and validation of reliable Aeromonas salmonicida

subspecies salmonicida reference genes for differential
gene expression analyses. Infection, Genetics and
Evolution, 73, 314-321.
https://doi.org/10.1016/j.meegid.2019.05.011

Chinabut, S., Limsuwan, C., Tonguthai, K. & Pungkachonboon,
T. (1988). Toxic and sublethal effect of formalin on
freshwater fishes. In food and Agriculture Organization
of the United Nations (FAQO), Network of Aquaculture
Centres in Asia
https://www.fao.org/fishery/en/publications/35414

Clark, T. D., Eliason, E. J., Sandblom, E., & Hinch, S. G. (2021).
Using physiology to help define optimal conditions for
growth and environmental tolerance in aquaculture. In
C. M. Wood, A. P. Farrell, & C. J. Brauner (Eds.), Fish
Physiology (Vol. 38, pp. 253-309). Academic Press.
https://doi.org/10.1016/bs.fp.2020.10.001

Crumlish, M. (2017). Bacterial Diagnosis and Control in Fish
and Shellfish. In Diagnosis and Control of Diseases of Fish
and Shellfish (pp. 5-18). John Wiley & Sons, Ltd.
https://doi.org/10.1002/9781119152125.ch2

Canak, O. & Timur, G. (2020) An initial survey on the
occurrence of staphylococcal infections in Turkish
marine aquaculture (2013-1014). Journal of Applied
Ichthyology, 36(6), 932-941.
https://doi.org/10.1111/jai.14141

Delghandi, M. R., Menanteau-Ledouble, S., Waldner, K., & EI-
Matbouli, M. (2020). Renibacterium salmoninarum and
Mycobacterium spp.: Two bacterial pathogens present
at low levels in wild brown trout (Salmo trutta fario)
populations in Austrian rivers. BMC Veterinary Research,
16(1), 40.
https://doi.org/10.1186/s12917-020-2260-7

Duman, M., SatiCiOglu, I. B., OzdemiR, B., Ajmi, N., & Altun, S.
(2020). Determination of Opportunistic Pathogens and
Antimicrobial Resistance Characterization Isolated from
Rainbow Trout in Turkey. Journal of Research in
Veterinary Medicine, 39(2), 82-92.
https://doi.org/10.30782/jrvm.743861

Dunne, A., Carvalho, S., Moran, X. A. G., Calleja, M. LI., & Jones,
B. (2021). Localized effects of offshore aquaculture on
water quality in a tropical sea. Marine Pollution Bulletin,
171,112732.
https://doi.org/10.1016/j.marpolbul.2021.112732

European Commission, Joint Research Centre & Scientific,
Technical and Economic Committee for Fisheries (2023).
Economic report on the EU aquaculture (STECF-22-17).
Publications Office.
https://data.europa.eu/doi/10.2760/51391

EC [European Commission] (2021). Strategic guidelines for a
more sustainable and competitive EU aquaculture for
the period 2021-2030. COM (2021), 236 final, Brussels
Accessible at:  https://www.fao.org/faolex/results/
details/en/c/LEX-FAOC206189/

Gamoori, R., Rashidian, G., Ahangarzadeh, M., Najafabadi, M.,
Dashtebozorg, M., Mohammadi, Y. & Morshedi, V.
(2023) Improvement of water quality with probiotics
inclusion during simulated transport of Yellowfin
Seabream Acanthopagrus latus larvae. Journal of aquatic
animal health, 35(4), 286—-295.
https://doi.org/10.1002/aah.10204

Gonzalez-Palacios, C., Fregeneda-Grandes, J.-M. & Aller-
Gancedo, J.-M. (2020) Possible Mechanisms of Action of
Two Pseudomonas fluorescens Isolates as Probiotics on
Saprolegniosis Control in Rainbow Trout (Oncorhynchus
mykiss Walbaum). Animals, 10, 1507.



Aquaculture Studies, 25(5), 254-265

263

AQUAST2395

https://doi.org/10.3390/ani10091507

Gram, L., Melchiorsen, J., Spanggaard, B., Huber, I. & Nielsen,
T.F. (1999) Inhibition of Vibrio anguillarum by
Pseudomonas fluorescens AH2, a Possible Probiotic
Treatment of Fish. Appl Environ Microbiol, 65.
https://doi.org/10.1128/AEM.65.3.969-973.1999

Gensberger, E. T., Gossl, E.-M., Antonielli, L., Sessitsch, A., &
Kosti¢, T. (2015). Effect of different heterotrophic plate
count methods on the estimation of the composition of
the culturable microbial community. Peer), 3, e862.
https://doi.org/10.7717/peerj.862

Hossain, M., Bhuiyan, A., Hossain, M., Uddin, M., Hossain, M.,
& Haider, M. (2021). Follow-up of bacterial and
physicochemical quality of water during live
transportation of Climbing perch (Anabas testudineus) in
Bangladesh. Journal of Advanced Biotechnology and
Experimental Therapeutics, 4(2), 149.
https://doi.org/10.5455/jabet.2021.d115

Janda, J. M., & Abbott, S. L. (2007). 16S rRNA gene sequencing
for bacterial identification in the diagnostic laboratory:
pluses, perils, and pitfalls. Journal of clinical
microbiology, 45(9), 2761-2764.
https://doi.org/10.1128/JCM.01228-07

Kéampfer, P., Busse, H.-J., Schumann, P., Criscuolo, A,
Clermont, D., Irgang, R., Poblete-Morales, M., Glaeser, S.
P., & Avendano-Herrera, R. (2020). Arthrobacter
ulcerisalmonis sp. Nov., isolated from an ulcer of a
farmed Atlantic salmon (Salmo salar), and emended
description of the genus Arthrobacter sensu lato.
International Journal of Systematic and Evolutionary
Microbiology, 70(3), 1963-1968.
https://doi.org/10.1099/ijsem.0.004002

Kozinska, A., Pazdzior, E. & Pekala-Safinska, A. (2014).
Acinetobacter johnsonii and Acinetobactr iwoffii — The
emerging fish pathogens. Journal of Veterinary Research,
58(2), 193-199

Kunigk, L., Gomes, D. R., Forte, F., Vidal, K. P., Gomes, L. F. &
Sousa, P. F. (2001). The influence of temperature on the
decomposition kinetics of peracetic acid in solutions.
Braz. J. Chem. Eng. 18 (2).
https://doi.org/10.1590/50104-66322001000200009

LaPatra, S. E., Plant, K. P., Alcorn, S., Ostland, V., & Winton, J.
(2010). An experimental vaccine against Aeromonas
hydrophila can induce protection in rainbow trout,
Oncorhynchus mykiss (Walbaum). Journal of Fish
Diseases, 33(2), 143-151.
https://doi.org/10.1111/j.1365-2761.2009.01098.x

Loch, T. P., & Faisal, M. (2014). Chryseobacterium aahli sp.
Nov., isolated from lake trout (Salvelinus namaycush)
and brown trout (Salmo trutta), and emended
descriptions of Chryseobacterium ginsenosidimutans
and Chryseobacterium gregarium. International Journal
of Systematic and Evolutionary Microbiology, 64(Pt_5),
1573-1579. https://doi.org/10.1099/ijs.0.052373-0

Luthman, O., Robb, D.H.F., Henriksson, P.J.G. et al. Global
overview of national regulations for antibiotic use in
aquaculture production. Aquacult Int 32, 9253-9270
(2024). https://doi.org/10.1007/s10499-024-01614-0

Maldonado-Miranda, J. J., Castillo-Pérez, L. J., Ponce-
Hernandez, A. & Carranza-Alvarez, C. (2022). Summary
of economic losses due to bacterial pathogens in
aquaculture industry. In Bacterial fish diseases, ISBN
978-0-323-85624-9.
https://doi.org/10.1016/B978-0-323-85624-9.00023-3

Manchanayake, T., Salleh, A., Noor, M. & Azmai, M.N.A (2023).
Pathology and pathogenesis of Vibrio infection in fish: A

review. Aquaculture reports, vol 28, 101

Marmen, S., Fadeev, E., Al Ashhab, A., Benet-Perelberg, A.,
Naor, A., Patil, H. J., Cytryn, E., Viner-Mozzini, Y., Sukenik,
A., Lalzar, M., & Sher, D. (2021). Seasonal Dynamics Are
the Major Driver of Microbial Diversity and Composition
in Intensive Freshwater Aquaculture. Frontiers in
Microbiology, 12, 679743.
https://doi.org/10.3389/fmich.2021.679743

Mohammed, A. (2013). Why are Early Life Stages of Aquatic
Organisms more Sensitive to Toxicants than Adults? In S.
J. Thatha Gowder (Ed.), New insights into toxicity and
drug testing (pp. 1-17). IntechOpen.
https://doi.org/10.5772/55187&#8203

Morales-Lange, B., Hansen, J. @., Djordjevic, B., Mydland, L. T.,
Castex, M., Mercado, L., Imarai, M., Sgrum, H., &
@verland, M. (2024). Immunomodulatory effects of
hydrolyzed Debaryomyces hansenii in Atlantic salmon
(Salmo salar L): From the in vitro model to a natural
pathogen challenge after seawater transfer.
Aquaculture, 578, 740035.
https://doi.org/10.1016/j.aquaculture.2023.740035

Mota, V. C., Eggen, M. L., & Lazado, C. C. (2022). Acute dose-
response exposure of a peracetic acid-based disinfectant
to Atlantic salmon parr reared in recirculating
aquaculture systems. Aquaculture, 554, 738142.
https://doi.org/10.1016/j.aquaculture.2022.738142

Muziasari, W. I., Pitkdnen, L. K., Sgrum, H., Stedtfeld, R. D.,
Tiedje, J. M., & Virta, M. (2017). The Resistome of
Farmed Fish Feces Contributes to the Enrichment of
Antibiotic Resistance Genes in Sediments below Baltic
Sea Fish Farms. Frontiers in Microbiology, 7.
https://doi.org/10.3389/fmicb.2016.02137

Mramba, R. P., & Kahindi, E. J. (2023). Pond water quality and
its relation to fish yield and disease occurrence in small-
scale aquaculture in arid areas. Heliyon, 9(6), e16753.
https://doi.org/10.1016/j.heliyon.2023.e16753

Nogales, B.M., Ma, M., Aguil6-Ferretjans, C., Martin-Cardona,
J., Lalucat, J., et al, (2007). Bacterial diversity,
composition and dynamics in and around recreational
coastal areas. Environ. Microbiol. 9, 1913-1929.

Nya, E. J., & Austin, B. (2009). Use of garlic (Allium sativum) to
control Aeromonas hydrophila infection in rainbow
trout, Oncorhynchus mykiss (Walbaum). Journal of Fish
Diseases, 32(11), 963-970.
https://doi.org/10.1111/j.1365-2761.2009.01100.x

Oh, W. T., Jun, J. W., Giri, S. S., Yun, S., Kim, H. J., Kim, S. G.,
Kim, S. W., Han, S. J., Kwon, J., & Park, S. C. (2019).
Staphylococcus xylosus Infection in Rainbow Trout
(Oncorhynchus mykiss) As a Primary Pathogenic Cause of
Eye Protrusion and Mortality. Microorganisms, 7(9), 330.
https://doi.org/10.3390/microorganisms7090330

Ottinger, M., Clauss, K., & Kuenzer, C. (2016). Aquaculture:
Relevance, distribution, impacts and spatial assessments
— A review. Ocean & Coastal Management, 119, 244—
266.
https://doi.org/10.1016/j.ocecoaman.2015.10.015

Okon, E. M., Okocha, R. C., Taiwo, A. B., Michael, F. B., &
Bolanle, A. M. (2023). Dynamics of co-infection in fish: A
review of pathogen-host interaction and clinical
outcome. Fish and Shellfish Immunology Reports, 4,
100096. https://doi.org/10.1016/].fsirep.2023.100096

Ogiit, H. (2001). Modeling of fish disease dynamics: A new
approach to an old problem. Turkish Journal of Fisheries
and Aquatic Sciences, 1(2), 67-74.

Pedersen, L.-F., Pedersen, P. B., & Sortkjeer, O. (2007).
Temperature-dependent and surface specific



Aquaculture Studies, 25(5), 254-265

264

AQUAST2395

formaldehyde degradation in submerged biofilters.
Aquacultural Engineering, 36(2), 127-136.
https://doi.org/10.1016/j.aquaeng.2006.09.004

Rajesh, M., & Rehana, S. (2022). Impact of climate change on
river water temperature and dissolved oxygen: Indian
riverine thermal regimes. Scientific reports, 12(1), 9222.
https://doi.org/10.1038/s41598-022-12996-7

Ringg, E., Sperstad, S., Myklebust, R., Mayhew, T. M., Mjelde,
A., Melle, W., & Olsen, R. E. (2006). The effect of dietary
krill supplementation on epithelium-associated bacteria
in the hindgut of Atlantic salmon (Salmo salar L.): A
microbial and electron microscopical study. Aquaculture
Research, 37(16), 1644-1653.
https://doi.org/10.1111/j.1365-2109.2006.01611.x

Ritchie, H., & Roser, M. (2021). Fish and overfishing. Our World
in Data. Accessible at: https://ourworldindata.org/fish-
and-overfishing

Rosado, D., Xavier, R., Severino, R., Tavares, F., Cable, J., &
Pérez-Losada, M. (2019). Effects of disease, antibiotic
treatment and recovery trajectory on the microbiome of
farmed seabass (Dicentrarchus labrax). Scientific
Reports, 9(1), 18946.
https://doi.org/10.1038/s41598-019-55314-4

Rozman, U., Pu$nik, M., Kmeteg, S., Duh, D., & Sostar Turk, S.
(2021). Reduced Susceptibility and Increased Resistance
of Bacteria against Disinfectants: A Systematic Review.
Microorganisms, 9(12), 2550.
https://doi.org/10.3390/microorganisms9122550

Sahulka, S. Q., Bhattarai, B., Bhattacharjee, A. S., Tanner, W.,
Mahar, R. B., & Goel, R. (2021). Differences in chlorine
and peracetic acid disinfection kinetics of Enterococcus
faecalis and Escherichia fergusonii and their susceptible
strains based on gene expressions and genomics. Water
research, 203, 117480.
https://doi.org/10.1016/j.watres.2021.117480

Shabana, B. M., Elkenany, R. M., & Younis, G. (2022).
Sequencing and multiple antimicrobial resistance of
Pseudomonas fluorescens isolated from Nile tilapia fish
in Egypt. Revista brasleira de biologia, 84, e257144.
https://doi.org/10.1590/1519-6984.257144

Shireman, J. V. & Cichra, C. E. (1994). Evaluation of aquaculture
effluents. Aquaculture, 123 (1-2), 55-68.
https://doi.org/10.1016/0044-8486(94)90119-8

Schoina, E., Doulgeraki, A. ., Miliou, H., & Nychas, G.-J. E.
(2022). Dynamics of Water and Biofilm Bacterial
Community Composition in a Mediterranean
Recirculation Aquaculture System. Aquaculture Journal,
2(2), 164-179. https://doi.org/10.3390/aquacj2020008

Sanahuja, I., Ruiz, A., Firmino, J. P., Reyes-Lépez, F. E., Ortiz-
Delgado, J. B., Vallejos-Vidal, E., Tort, L., Tovar-Ramirez,
D., Cerezo, I. M., Moriiigo, M. A., Sarasquete, C., &
Gisbert, E. (2023). Debaryomyces hansenii
supplementation in low fish meal diets promotes
growth, modulates microbiota and enhances intestinal
condition in juvenile marine fish. Journal of Animal
Science and Biotechnology, 14(1), 90.
https://doi.org/10.1186/s40104-023-00895-4

Seyedmousavi, S., Bosco, S. D. M. G., De Hoog, S., Ebel, F., Elad,
D., Gomes, R. R., Jacobsen, I. D., Jensen, H. E., Martel, A.,
Mignon, B., Pasmans, F., Pieckova, E., Rodrigues, A. M.,
Singh, K., Vicente, V. A., Wibbelt, G., Wiederhold, N. P.,
& Guillot, J. (2018). Fungal infections in animals: A
patchwork of different situations. Medical Mycology,
56(suppl_1), S165-5187.
https://doi.org/10.1093/mmy/myx104

Sharma, P., Slathia, P. S., Raina, N., & Bhagat, D. (2019).

Microbial diversity in freshwater ecosystems and its
industrial potential. In Freshwater Microbiology (pp.
341-392). Elsevier.
https://doi.org/10.1016/B978-0-12-817495-1.00009-8

Sigee, D. C. (2005). Bacteria: The main heterotrophic
microorganisms in freshwater systems. In Freshwater
Microbiology: Biodiversity and Dynamic Interactions of
Microorganisms in the Aquatic Environment (Chapter 6).
John Wiley & Sons.
https://doi.org/10.1002/0470011254.ch6

STECF (2023). Scientific, Technical and Economic Committee
for Fisheries (STECF) Economic Report on the EU
aquaculture (STECF-22-17). Nielsen, R., Virtanen, J. &
Guillen, J. (editors). Publications Office of the European
Union, Luxembourg.
https://doi.org/10.2760/51391.

Statistisches Bundesamt (Destatis) (2024). Aquaculture
production bussinesses and volume produced in 2023 by
selected species and Lander (federal states). German
Federal Statistical Office.
https://www.destatis.de/EN/Themes/Economic-
Sectors-Enterprises/Agriculture-Forestry-
Fisheries/Fisheries/Tables/aquaculture-production-
bundeslaender.html

Stiller, K. T., Vanselow, K. H., Moran, D., Riesen, G., Koppe, W.,
Dietz, C., & Schulz, C. (2017). The effect of diet,
temperature and intermittent low oxygen on the
metabolism of rainbow trout. British Journal of Nutrition,
117(6), 784-795.
https://doi.org/10.1017/S0007114517000472

Straus, D. L., Meinelt, T., Liu, D., & Pedersen, L. (2018). Toxicity
of Peracetic Acid to Fish: Variation among Species and
Impact of Water Chemistry. Journal of the World
Aquaculture Society, 49(4), 715-724.
https://doi.org/10.1111/jwas.12475

Statistisches Bundesamt [Destatis] (2025) Available online:
https://www.destatis.de/EN/Themes/Economic-
Sectors-Enterprises/Agriculture-Forestry-
Fisheries/Fisheries/_node.html

Tello-Martin, R., Dzul-Rosado, K., Zavala-Castro, J., & Lugo-
Caballero, C. (2018). Approaches for the successful
isolation and cell culture of American Rickettsia species.
Journal of Vector Borne Diseases, 55(4), 258.
https://doi.org/10.4103/0972-9062.256560

Toranzo, A. E. (2004) Report about fish bacterial diseases. In:
Alvarez-Pellitero P. (ed.), Barja J.L. (ed.), Basurco B. (ed.),
Berthe F. (ed.), Toranzo A.E. (ed.). Mediterranean
aquaculture diagnostic laboratories. Zaragoza: CIHEAM,
49-89

Nixdorf, B., Hemm, M., Hoffmann, A., & Richter, P. (2004).
Dokumentation von Zustand und Entwicklung der
wichtigsten Seen Deutschlands. Umweltbundesamt.
https://www.umweltbundesamt.de

Unger, P., Suthar, J., Baustian, F., Neitemeier-Duventester, X.,
Kleinertz, S., & Palm, H. W. (2022). Seasonality of
salmonid parasites from flow-through aquaculture in
northern Germany: Emphasis on pathogenicity of
Diplostomum spp. metacercaria. Aquaculture, Fish and
Fisheries, 2(1), 1-11.

Vadstein, O., Attramadal, K. J. K., Bakke, I., & Olsen, Y. (2018).
K-Selection as Microbial Community Management
Strategy: A Method for Improved Viability of Larvae in
Aquaculture. Frontiers in Microbiology, 9, 2730.
https://doi.org/10.3389/fmicb.2018.02730

Yeganeh, S., Adel, M., Nosratimovafagh, A., & Dawood, M. A.
0. (2021). The Effect of Lactococcus lactis subsp. Lactis



Aquaculture Studies, 25(5), 254-265

265

AQUAST2395

PTCC 1403 on the Growth Performance, Digestive
Enzymes Activity, Antioxidative Status, Immune
Response, and Disease Resistance of Rainbow Trout
(Oncorhynchus mykiss). Probiotics and Antimicrobial
Proteins, 13(6), 1723-1733.
https://doi.org/10.1007/s12602-021-09787-3

Zhao, F., He, S., Tan, A,, Guo, X., Jiang, L., Liu-Fu, C.,, Deng, Y., &
Zhang, R. (2020). Isolation, identification and character
analysis  of  Streptococcus  dysgalactiae  from
Megalobrama terminalis. Journal of Fish Diseases, 43(2),
239-252. https://doi.org/10.1111/jfd.13119

Zhang, L., Hong, X., Zhao, X., Yan, S., Ma, X. & Zha, J. (2020)
Exposure to environmentally relevant concentrations of
deltamethrin renders the Chinese rare minnow
(Gobiocypris  rarus) vulnerable to Pseudomonas
fluorescens infection. Sci Total Environ. 1; 715:136943.
https://doi.org/10.1016/j.scitotenv.2020.136943.

Zhang, M., Dou, Y., Xiao, Z., Xue, M., Jiang, N., Liu, W., Xu, C.,
Fan, Y., Zhang, Q., & Zhou, Y. (2023). Identification of an
Acinetobacter Iwoffii strain isolated from diseased
hybrid sturgeon (Acipenser baerii? x Acipenser
schrenckiic). Aquaculture, 574, 739649.
https://doi.org/10.1016/j.aquaculture.2023.739649

Zhang, X., You, Y., Peng, F., Tang, X., Zhou, Y., Liu, J,, Lin, D., &
Zhou, Y. (2022). Interaction of Microbiota between Fish
and the Environment of an In-Pond Raceway System in a
Lake. Microorganisms, 10(6), 1143.
https://doi.org/10.3390/microorganisms10061143

Zhang, X., Zhang, Y., Zhang, Q., Liu, P., Guo, R, Jin, S., Liu, J.,
Chen, L., Ma, Z., & Liu, Y. (2020). Evaluation and Analysis
of Water Quality of Marine Aquaculture Area.
International Journal of Environmental Research and
Public Health, 17(4), 1446.
https://doi.org/10.3390/ijerph17041446

Zhou, Z., He, S., Liu, Y., Cao, Y., Meng, K., Yao, B., Ringg, E., &
Yoon, |. (2011). Gut microbial status induced by
antibiotic growth promoter alters the prebiotic effects of
dietary DVAQUA® on Aeromonas hydrophila-infected
tilapia: Production, intestinal bacterial community and
non-specific immunity. Veterinary Microbiology, 149(3-
4), 399-405.
https://doi.org/10.1016/j.vetmic.2010.11.022

Walakira, J. K., Akoll, P., Engole, M., Sserwadda, M., Nkambo,
M., Namulawa, V., Kityo, G., Musimbi, F., Abaho, I.,
Kasigwa, H., Mbabazi, D., Kahwa, D., Naigaga, I., Birungi,
D., Rutaisire, J. & Majalija, S. (2014) Common fish
diseases and parasites affecting wild and farmed tilapia
and catfish in central and western Uganda. Uganda
Journal of Agricultural Sciences, 15(2), pp. 113-125.

Wang, H., Masters, S., Hong, Y., Stallings, J., Falkinham, J. O.,
Edwards, M. A., & Pruden, A. (2012). Effect of
Disinfectant, Water Age, and Pipe Material on
Occurrence and Persistence of Legionella, mycobacteria,
Pseudomonas aeruginosa, and Two Amoebas.
Environmental Science & Technology, 46(21), 11566—
11574. https://doi.org/10.1021/es303212a



