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ABSTRACT

This paper aims to contribute to the understanding of bacterial community patterns of the lakes of
Igneada Floodplain Forest by metabarcoding approach. Within this scope, surface water samples
were collected from three lakes located in the area namely Mert Lake, Hamam Lake, and Saka
Lake, and the bacterial diversity was assessed by a high throughput sequencing of the 16S rRNA
gene. Chaol richness and Shannon diversity were higher in Saka Lake indicated a more diverse
bacterial community. Proteobacteria was by far the most abundant phyla in all lakes. Although
Bacteroidetes and Actinobacteria also dominated the community, their abundances differed in each
lake. While the family Burkholderiaceae represented 25% of the bacterial community in Saka
Lake, the abundances were 9% and 4% in Hamam Lake and Mert Lake, respectively. This study
is one of the first investigations specifically focused on the bacterial communities in three lakes of
Igneada Floodplain by next-generation sequencing platform and gave a prescreening of the bacte-
rial diversity. Further studies are required to determine the biotechnological potential of this unique
habitat.

Keywords: Amplicon Sequencing, Bacterial community, Igneada floodplain forest
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Introduction

Floodplain forests, longos, are unique habitats mostly cov-
ered with freshwater seasonally or permanently and consisted
of sand resulted from various streams. These ecosystems are
like rainforests and have particular structures and functions
(Arekhi et al., 2019). In the Thrace region in Turkey, Igneada
has seasonally flooded forests which have critical importance
at national and international levels (Arekhi et al., 2019) due
to their high water purification potentials and diverse com-
munities (Tecimen & Kavgaci, 2010). The area received a
National Park status in 2007. Whereas, in the southern part of
the National Park, there are Saka Lake, Deniz Lake, Hamam
Lake, Pedina Lake, Mert Lake, the northern part of the Na-
tional Park consists of Erikli Lake surrounding longos forests
(URL 1). These unique habitats can be a major area of interest
for biotechnological applications holding the potential to be
a source for specific microbial communities, novel enzymes,
and biologically important biomolecules.

Bacterial communities are at the center of ecosystem well-
being, contribute to the biogeochemical cycles by breaking
up organic matter, fixing nutrients, regulating carbon flux etc.
(Diao et al., 2017; Ozbayram et al., 2021; Zhang et al., 2020).
The community structures alter from one location to another
due to a wide variety of factors such as the distinctive envi-
ronmental conditions, land usage, human activities etc. (Ung
et al., 2019). Besides their crucial roles in the ecosystem,
only a minor portion of the microbial communities (<10%)
can be determined by culture-dependent techniques which
limit the revealing functions of the particular environments
(Steen et al., 2019). Thus, using culture-independent tools is
important to assess the community structures providing valu-
able insights into metabolic functions and genetic diversity
(Riesenfeld et al., 2004; Lloyd et al., 2018). The emerged
platforms using next-generation sequencing technology are
powerful tools for revealing complex diverse community
compositions along with advanced metagenomic databases
and powerful bioinformatics and statistical tools (Michan et
al., 2021). A considerable amount of literature has been pub-
lished on bacterial diversity of different freshwater habitats
using various next-generation sequencing platforms such as
in eutrophic lakes (Ozbayram, et al., 2021; Zhang et al.,
2020), flood-pulse tropical lake (Ung et al., 2019), alkaline
lake (Kambura et al., 2016), alpine lakes (Llorens-Margs et
al., 2020).

Although some researches on these lakes carried out for ex-
amining the biodiversity in the lakes of Igneada Floodplain
(Altinsagli, 2001; Giiher, 1999, 2003), the bacterial diversity
in the lakes has not been investigated. Recent developments
in next-generation technology and lower analysis costs have

facilitated to uncover the diversity of these ecosystems. Thus,
the aim of this prospective study was to explore the bacterial
community diversity of these lakes and reveal the unique
community structures.

Material and Methods

Sample Collection & Physical Measurements

Sampling was performed in October 2020. One sampling
point was determined in each lake and the samples were col-
lected from the surface water of the shores (Figure 1). The
water temperature, pH, and dissolved oxygen were measured
by the multi-parameter analyzer (Hach Lange, Germany).
The measurements were done in triplicates and the average
results were presented in the study.

Mert Lake * »I

Hamam Lake

Saka Lake

Figure 1. Study area and sampling points
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DNA Extraction and Amplicon Sequencing

To concentrate the samples, waters were filtered from a 0.22
um filter at the sampling site, and the filters were stored under
cold conditions during their transfer to the lab. The DNAs
were isolated from the filter paper using the NucleoSpin®
Soil Kit (Macherey-Nagel, Germany) following the manufac-
turer’s instructions and quantification was done using
NanoDrop 1000 (Thermo Fisher Scientific, Inc., DE, USA).

The bacterial community diversity was assessed by 16S
rRNA gene-targeted sequencing using [llumina® MiSeq™
platform. Amplicon sequencing library was prepared using
bacteria-specific primers targeting the V3-V4 region of the
16S rRNA gene (341F (5’-CCTACGGGNGGCWGCAG-3)
and 805R (5’-GACTACHVGGGTATCTAATCC-3’). Pre-
pared libraries were purified, quantified, and further se-
quenced on the MiSeq instrument (Illumina, USA) using 300
bp paired-end chemistry. CASAVA data analysis software
was used for demultiplexing and clipping of sequence adapt-
ers from raw sequences (Illumina, USA). The fragments with
any mismatches to the barcodes or primers were excluded.
Data analysis was performed through Quantitative Insight
Into Microbial Ecology (QIIME2) v2020.2 (Bolyen et al.,
2019). PCR primers were removed from sequences using cu-
tadapt plugin (Martin, 2011). Paired-end reads were joined
(vsearch join-pairs) and quality filtered (quality-filter g-
score-joined). Then, sequences were denoised using deblur
(deblur denoise-other) (Amir et al., 2017). Taxonomy was as-
signed to each amplicon sequence variant (ASV) using ‘fea-
ture-classifier classify-sklearn’ plugin against the pre-trained
Naive Bayes classifier (classi-
fier_silva 132 99 16S_V3.V4 341F 805R.qza) (Comeau,
Douglas, & Langille, 2017). The final ASV table was used to
calculate alpha diversity metrics. The bacterial diversity was
visualized by Krona interactive metagenomic visualization
(Ondov et al., 2011).

Results and Discussion

The physical characteristics of the lakes in the sampling pe-
riod are presented in Table 1. While Mert Lake showed an
alkaline characteristic, the lowest pH was determined for
Hamam Lake. Water temperature was in the range of 20.1-
24.0°C. The dissolved oxygen level in Mert Lake was quite
high, in which the lake was covered by aquatic plants in the
sampling period. The high oxygen level most probably re-
sulted from the high photosynthesis rate of these aquatic
plants. On the other hand, the dissolved oxygen concentra-
tions were measured as 5.75 mg/L. and 6.35 mg/L in Hamam
Lake and Saka Lake, respectively. The results are in accord
with the previous study obtained by (Giiher, 2003) confirm-
ing the high pH and oxygen saturation in Mert Lake and sim-
ilar profile for Hamam Lake. On the other hand, (Altinsagli,
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2001) reported different measurements for Saka Lake in the
autumn (pH: 7.13; dissolved oxygen: 8.9 mg/L; water tem-
perature: 16°C). Since the water temperature measured in this
study was higher than that of (Altinsagli, 2001), this contra-
diction may be due to the changing environmental conditions
in the lake since 2001.

Table 1. Physical characteristics of the Lakes

Parameter Mert Hamam Saka

Lake Lake  Lake

pH 9.10 7.30 7.72
Water temperature (°C) 24.0 23.2 20.1
Dissolved oxygen (mg/L) 13.75 5.75 6.35

The bacterial community pattern of Mert Lake is shown in
Figure 2. The most dominant phyla were Proteobacteria,
Bacteroidetes, and Actinobacteria, they represented 73% of
the total reads. The highest abundance of the Cyanobacteria
was detected in Mert Lake among the samples (11%). To-
gether with Epsilonbacteracota, Verrucomicrobia, and
Patescibacteria represented 10% of the total sequences. In the
community, Bacteroidia and Gammaproteobacteria were the
most abundant classes. At the family level, 13% of the total
reads were assigned to Nitriliruptoraceae, followed by Flavo-
bacteriaceae (9%). These were the highest levels determined
among the samples.

The results in Figure 3 show the bacterial community in
Hamam Lake. The major share of the total reads was assigned
to Proteobacteria species as in the Mert Lake. Actinobacteria
was detected as the second dominant phyla representing 20%
of the bacterial community. 7% of the total reads comprised
of Bacteroidetes members followed by, Firmicutes (6%) and
Verrrucomicrobia (5%). Proteobacteria classes Alphaproteo-
bacteria, Betaproteobacteria, and Gammaproteobacteria were
the most abundant ones. On the other hand, Sporichthyaceae
(11%) was by far the most abundant family followed by
Burkholderiaceae (9%).

The bacterial community composition of Saka Lake is de-
picted in Figure 4. Proteobacteria was accounted as the most
abundant phylum representing 60% of the bacterial commu-
nity which was also the highest among samples. The majority
of the Proteobacteria reads were assigned to Betaproteobac-
teria, especially the family Burkholderiaceae (25%). Whereas
Firmicutes was the second dominant phylum (12%), Bac-
teroidetes comprised 11% of the total reads. Together with
Bacteroidia, Clostridia species represented 20% of the se-
quences at the class level. Different from the other two lakes,
4% of the sequences were assigned to Rumminococcaceae
species.
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Figure 2. Bacterial community composition in Mert Lake
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Figure 3. Bacterial community composition in Hamam Lake
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Figure 4. Bacterial community composition in Saka Lake

Table 2 provides an overview of the alpha diversity indices
of the samples. Whereas the Chao index was used to reveal
the richness of the bacterial community, the Shannon index
was used for comparison of diversity. Although Saka Lake
was represented with the least number of phyla, it has the
highest number of OTUs. Moreover, Shannon and Chaol in-
dices pointed more diverse bacterial community and bacterial
richness in Saka Lake. Among all three samples, Mert Lake
had the lowest diversity and species richness.

Table 2. Alpha diversity indices of the samples

Sample No. of OTUs  Shannon Chaol
Mert Lake 915 8.2 918
Hamam Lake 1854 9.2 1863
Saka Lake 2309 9.7 2330

Research Article

The taxonomic analysis revealed that Proteobacteria species
were dominated the bacterial communities in the three lakes
as well as Actinobacteria members. These results are in keep-
ing with previous observational study, which show these two
phyla are the most abundant ones in the freshwater ecosys-
tems (Nakatsu et al., 2019). Betaproteobacteria, one of the
well-studied taxonomic classes in freshwater habitats
(Newton et al., 2011), was detected as the predominant class
in Saka Lake. It was also abundant in Hamam Lake. Some
members of this class are enriched at circumneutral to alka-
line pH conditions and live in the surface part of the water
bodies. This may explain their abundance on those lakes
(Newton et al., 2011). Most of the Betaproteobacteria reads
were assigned to the family Burkholderiaceae. This family
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comprises diverse organisms from aerobic and facultative an-
aerobic chemoorganotrophs to obligate and facultative
chemolithotrophs (Coenye, 2014), occupying a diverse eco-
logical niche. On the other hand, most of the sequences could
not be accounted for any genera and the abundance of the as-
signed genus was lower than 1% of the total reads which was
not representative. Whereas Flavobacteriales species were
found abundant in Mert Lake, the abundance was lower in
Hamam Lake and Saka Lake. The members of this order in-
habit the freshwater where the phytoplankton blooms take
place frequently (Newton et al., 2011). They can break up
wide variety of macromolecules and carbohydrates as well as
toxins produced during the phytoplankton proliferation
(Ozbayram, et al., 2020). On the other hand, Actinobacteria
was one of the dominant phyla in the bacterial communities
in all lakes. However, at the family level, the dominant fami-
lies differed in each lake. Whereas Mert Lake dominated by
the heterotroph, alkaliphilic, Nitriliruptoraceae species which
can use organic nitriles (Sorokin et al., 2009), facultative an-
aerobic Sporichthyaceae was abundant in Hamam Lake and
Microbacteriaceae which includes mesophilic or psychro-
philic bacteria (obligately aerobic/facultatively anaerobic)
(Evtushenko & Takeuchi, 2006) was found in Saka Lake. The
highest abundance of Firmicutes was determined in Saka
Lake. Whereas most of the Firmicutes reads were assigned to
Clostridia species, Bacilli was also detected. Firmicutes
members are quite diverse and have a role in a wide variety
of ecosystem functions. Moreover, they have various mecha-
nisms to survive in different environments such as the for-
mation of endospores. The endospore-forming Firmicutes
members can be enriched in the environments where a sin-
gle/multiple stressors occurred for other bacterial taxa
(Filippidou et al., 2016). Thus, to better understand the reason
for the abundance of Firmicutes members, periodic monitor-
ing should be performed on this lake.

It is known that bacterial communities serve a function in
aquatic ecosystems and have interaction between other com-
ponents of the food web (Kiersztyn et al., 2019). However, to
investigate these interactions a comprehensive study should
be carried out considering the vertical diversity and other or-
ganisms in the foodwebs. Besides this multifarious relation-
ship, the diversities are dependent on various factors includ-
ing geographical settings and hydrological characteristics
(Zwirglmaier et al., 2015) which give them specific microbial
structures. Since the size and depth of these lakes are differ-
ent, giving them particular characteristics, careful attention
should be paid to the comparison of community diversity be-
tween these different aquatic environments.

The use of bacteria in the biotechnological field has attracted
particular attention from the scholarly community for a long
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period and they have a wide range of application area such as
wastewater treatment, green energy production, decomposi-
tion of hardly degradable substances, rehabilitation of con-
taminated sites etc. (Yong et al., 2021). Besides their direct
application in the processes, the novel enzymes and bioactive
compounds they produced have also great importance in the
industry and commercial products. To contribute the techno-
logical innovations, the search for new species and novel me-
tabolites are needed be investigated in the undiscovered ar-
eas.

Conclusion

In this study, pre-screening of the bacterial communities
Igneada Floodplain Forest lakes, Mert Lake, Hamam Lake,
and Saka Lake was completed by 16S rRNA targeted am-
plicon sequencing. Although the current study is based on a
small number of samples, the findings suggest an overview
of the bacterial diversity in these three lakes.

The results of this research will serve as a base for future stud-
ies. Further research should be undertaken to investigate the
hidden biotechnological potential of these unique ecosys-
tems.
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ABSTRACT

As the human population increases, freshwater fish has become an important alternative source of
protein to meet the need of protein. Especially numerous fish species from the family Cyprinidae
are consumed by the people. Among these fish, Carasobarbus luteus (Heckel, 1843) is also one
of the most preferred species thanks to its edible flesh as well as its low price. Since it is
economically important, there has been the pressure of overfishing and invasive species on the
populations of this species, resulting in decrease of the sources day by day. Management and
conservation of the species have importance therefore it is need to know its genetic variations in
the first place. The present study analyzed sequences of mtDNA cyt b locus and established the
genetic variability following the collection of 65 individuals from five different localities in di-
verse river systems where C. [uteus populations naturally inhabit. Sequence analysis revealed 13
polymorphic sites and 5 haplotypes. Birecik was the locality with the highest value in terms of
both haplotype diversity and nucleotide diversity, Diyarbakir was the one with the lowest value.
Tajima’s D and Fu’s Fs values were found to be statistically insignificant for all the localities.
Population genetic diversity of this fish species was found to be low in terms of mtDNA cyt b
marker. It is recommended to take measures to stop the loss of genetic diversity and to start con-
servation studies.

Keywords: Carasobarbus luteus, cyt b haplotypes, Genetic diversity, Euphrates River, Tigris River

313


https://orcid.org/0000-0003-0321-8198
https://orcid.org/0000-0001-6309-0208
https://orcid.org/0000-0001-6309-0208
https://doi.org/10.3153/AR21026
https://doi.org/10.3153/AR21026
https://doi.org/10.3153/AR20015
mailto:aprmksz@gmail.com
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
http://aquatres.scientificwebjournals.com/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3153/AR21026

314

Aquat Res 4(4), 313-320 (2021) e https://doi.org/10.3153/AR21026

Introduction

Development of urbanization and agriculture have a gradu-
ally increasing impact on both natural habitats and species,
decrease the quantity of habitats which are appropriate for the
wildlife species (Goudie, 2018; Zhang et. al., 2020). Destruc-
tion or change of habitats may lead to decline in the diversity
of species and even to extinction of certain species. It has
been estimated that genetic diversity has been decreasing fas-
ter than diversity of species under increasing number of thre-
ats, however its spatial distribution has not been adequately
documented on a global scale yet (Manel et. al.,2020). Gene-
tic diversity directly reflects the ability of species or popula-
tion to adapt in environmental factors of alien habitats
(Frankham et al., 2002; Spielman et al., 2004).

Populations in aquatic habitats are frequently under threat be-
cause of human pressure such as pollution, harvesting, fis-
hing, alien species, tourism, and urban development (Cog-
netti and Maltagliati, 2000). Carasobarbus luteus which is
the subject of our study and a species exposed to those threats
is called Bizir or Common carp by the local people. C. luteus
is a species from Cyprinidae family which is widely distribu-
ted in Euphrates, Tigris rivers, natural and artificial lakes in
Mesopotamia (Kuru, 1979; Unlii, 1991; Gékeek and Akyurt,
2008; Coad, 2010). Different studies have been done for this
species, some of which are; investigation of reproductive or-
gans and tissues (Rahemo and Al-Shatter, 2012), spermatolo-
gic characteristics (Aral et al., 2014), content of digestive sys-
tem (Celik and Saler, 2016), reproductive biology (Bilici et
al., 2017), parasite studies (Mansoor et al., 2020).

Particularly fishing and dominant status of invasive species
are the factors threatening this species most, and lead to dec-
rease in the number of individuals in populations day by day.
Decreased individuals in natural populations may result in the
extinction of unique genotypes that are not found anywhere
else (Parmaksiz, 2020). When a genetic data is lost, it is al-
most impossible to bring it back (Parmaksiz, 2020). There-
fore, measurements are needed to stop loss of genetic data
and to protect future of this species should be taken. For an
effective conservation program, firstly there should be reli-
able genetic data. Analysis of population genetics is a useful
tool to acquire knowledge about a species in order to protect
it (Ryman, 1991; Ward, 2000). Mitochondrial DNA markers
have been utilized in genetic studies on various species (Xia
et al., 2016). As compared to nuclear DNA markers, mitoc-
hondrial DNA markers are preferred thanks to their unique
characteristics such as maternal inheritance, lacking of fast
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evaluation and recombination. Diverse mtDNA gene sequen-
ces can be used to determine the variation in fish species (Sa-
raswat et. al.,2014). Cyt b gene which is an effective molecu-
lar marker and has been used to analyze genetic data of seve-
ral species (Maltagliati et al., 2010; Li et al., 2013; Deng et
al., 2014). Variation in mtDNA cyt b gene is utilized for stu-
dies for genetic analysis of fish populations from order Cyp-
riniformes (Fayazi et al., 2006). mtDNA cyt-b gene locus has
been appeared to be a multipotent genetic marker that can be
especially used for genetic variation analysis of fish (Sa-
raswat et. al., 2014).

The goal of the present survey is to identify genetic variation
in populations of C. luteus naturally inhabiting in river sys-
tems of Euphrates and Tigris via gene sequence analysis of
mtDNA cyt b locus.

Material and Methods

65 fish samples used as the material of the present study were
collected from 5 localities belonging to 2 different river sys-
tems. The map of these localities is given in Figure 1. Fish
samples were included in the study by random sampling from
fishes caught by fishermen at different times. Previous field
surveys were utilized for selection of the localities where fish
samples would be collected. Accordingly; localities on the ri-
ver systems of Euphrates and Tigris were concluded as app-
ropriate considering the number of samples in populations,
convenience of the land conditions, presence of fishermen in
adequate number, and closer distance to city center.

These samples which were purchased from fishermen were
kept inside an ice bucket to transfer Zoology Laboratory of
Harran University, Faculty of Science-Literature, Depart-
ment of Biology. Following the identification of species,
muscle tissue dissected from the samples was transferred into
microcentrifuge tubes with a content of 90% of ethanol and
kept at -20 C until DNA was extracted.

Total DNA was isolated from muscle tissue using GeneJET
Genomic DNA Purification Kit (Thermo Scientific). To
check the presence of DNA after the protocol, DNA samples
from all individuals were run placing in the wells of 1% of
agarose gel with addition of SYBR Green, monitorized under
UV light device (Smart View Pro Imager System, Major Sci-
ence).
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Figure 1. The map indicating the localities where C. luteus samples were collected

Target mtDNA cyt b gene locus was amplified by Polymerase
Chain Reaction (PCR), the primers were referenced form the
study by Briolay et. al., 1998 (L15267 F:5'-GTT TGA TCC
CGT TTC GTG TA-3"; H15891 R:5'-AAT GAC TTG AAG
AAC CAC CGT-3; Gene bank Accession number:
AY026411). Using Thermal Cycler device (BIO-RAD
T100™), target mtDNA cyt b gene site was amplified by op-
timizing the PCR conditions, concentrations of the chemicals,
and annealing temperatures of the primers according to the
study of Parmaksiz and Seker (2018). 2% agarose gel was
used in order to check the products occurring after PCR pro-
cess. Agarose gel with addition of SYBR Green was placed
in the tank with a content of 0.5x TBE solution, 4 uL of PCR
products and 4 pL stain were loaded in the wells together,
then were run at 120 V electricity currency for 25 minutes,
and monitorized under UV light device. PCR products of tar-
get site were sent to a commercial company for sequence
analysis with 3500 XL Genetic Analyzer (Thermo Fisher Sci-
entific) device.

Raw data of mtDNA sequences were firstly converted in to
FASTA format by evaluating with Chromas Pro v 2.0.1
(Technelysium Pty Ltd) and resulting sequences of all the
samples were ranked utilizing BioEdit software version 7.2.5
program. The number of polymorphic sites and haplotypes,

diversity of haplotypes and nucleotides, Tajima D and Fu’s
statistics for the populations were identified by using DNA
SP5.10.01 program (Rozas et al., 2003). The phylogenetic re-
lationship between haplotypes was identified via Network
version 5.0 program.

Results and Discussion
Genetic Variation

From river systems of Euphrates and Tigris, variable sites and
haplotypes were identified using sequence analysis of 586 bp
locus on mtDNA cyt b (Figure 2) for a total number of 65 C.
luteus samples. Variability of nucleotides by haplotypes from
this gene site can be seen on Table 1.

Mean nucleotide, Cytosine (C), Timin (T), Adenine (A), and
Guanin (G), content for all sequences was calculated as fol-
lows; 27.7%, 29%, 28.5%, and 14.8%, respectively.

13 polymorphic sites and 5 haplotypes were identified in a
total number of 65 C. [uteus samples collected from five di-
verse localities, variations of nucleotides by haplotype are
shown on Table 1. Haplotype H1 was found in 54 samples
and the most prevalent one. Haplotypes H3, H4, and H5 were
identified in only one sample.
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Figure 2. Chromatogram image of a sequence analysis from mtDNA cyt b site

Table 1. Nucleotide diversity and haplotypes of cyt b locus

Haplotype Polymorphic Sites Accession
117 | 174 | 303 | 324 | 345 | 408 | 424 | 444 | 456 | 474 | 493 | 537 | 541 number
H1 (54 samples) | T G |T A |C G |T A |G |A |G |C G MW725236
H2 (8 samples) |[C |A |C G |T . G |A |G |. T A MW725237
H3 (1 sample) cC |A |C G |T A . G |A |G |. T A MW725238
H4 (1 sample) . . . . . . C . . . . . . MW725239
HS5 (1 sample) C |A |C G |T . . . . G |C . . MW725240

Table 2. Genetic diversity and neutrality tests of localities (N: number of samples, Nh: number of haplotypes, Hd: haplotype
diversity, m: nucleotide diversity)

River System | Locality N | Nh and Haplotype distribution Hd T Tajima’s D Fu’s Fs
Euphrates Adiyaman | 16 4 (H1: 13) 0,350 0,00536 -0,51025 2,810
(H2: 1)
(H3: 1)
(H5: 1)
Euphrates Hilvan 13 2 (H1: 11) 0,282 0,00481 -0,49831 5,847
(H2: 2)
Euphrates Birecik 10 2 (HI:7) 0,467 0,00796 1,41919 7,272
(H2:3)
Tigris Diyarbakir | 5 1 (H1:5) 0000 000000 0000000 0000
Tigris Bismil 21 3 (H1: 18) 0,267 0,00325 -1,32016 3,128
(H2: 2)
(H4: 1)
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As seen on Table 2, haplotype H1 was the only one which
was seen in all localities. Haplotype H2, on the other hand,
was commonly found in all other localities, except Diyarba-
kir. H3 and H5 were identified only in Adiyaman, H4 only in
Bismil locality. In Adiyaman, Hilvan, Birecik, Diyarbakir,
and Bismil localities had; four, two, two and three different
haplotypes respectively. The locality with the highest number
in terms of both haplotype diversity and nucleotide diversity
was Birecik, whereas Diyarbakir was the one with the lowest
number. The results of Tajima’s D and Fu’s Fs neutrality tests
were presented on Table 2. Neutrality tests are used to deter-
mine whether populations have been selected in the past. The
Tajima D test is mostly used to determine natural selection
from DNA polymorphism. Neutrality tests are used to deter-
mine whether populations have been selected in the past. The
Tajima D test is mostly used to detect natural selection from
DNA polymorphism and the Fu’s Fs test is used to determine
population expansion. Tajima’s D and Fu’s Fs values were
determined to be statistically insignificant (p>0.05) for all lo-
calities.

Figure 3. Median -Joining Network of haplotypes acquired
after cyt b sequence analysis

Figure 3 shows totally five haplotypes joined on Median-Jo-
ining Network created for 65 C. luteus samples, resulting
network indicates an evolutionary connection. It is also pos-
sible to speculate that haplotypes H2-H3 and H1-H4 were
connected, haplotype HS5 was different from these.

Euphrates and Tigris Rivers have been undergoing conside-
rable change as the result of human activities. Several dams
were constructed on these rivers in order to obtain energy and
to provide irrigation to agricultural lands and surrounding ci-
ties. Thus changes occurring the river bed resulted in drama-
tic changes for physical, chemical, and biological combina-
tion of river. In addition, environmental factors such as in-
dustrial factors, intensive fishery, and destruction of habitats
would lead to extinction of numerous species or reduction of
their populations (Unlii et al., 1997). Conservation of popu-
lation size and genetic variability is needed for survival of

species. Decrease in the population size results in reduced ge-
netic variability and poses a threat regarding survival chance
of population.

It is also known that Carasius gibelio and C. auratus, which
are invasive species in the localities where the samples were
collected, has become dominant and has had a negative im-
pact on native species (Parmaksiz et. al., 2017). As the result
of observations, half of the fish caught in the nets of local
fishermen were determined to be invasive species. This par-
ticularly puts a great pressure on the fish with economic im-
portance. Because C. lufeus is consumed by human, it is eco-
nomically important, populations of this species are also inf-
luenced by this situation. Measurements should be taken in
order to stop genetic loss of this species and to protect future
of this species. To be able to apply an effective conservation
program, there must be reliable genotypic data in the first
place (Parmaksiz and Altundag, 2018).

Valuable data were provided by Parmaksiz and Eskici (2018)
using mtDNA COI to evaluate genetic variation of C. luteus,
by Parmaksiz (2020) using mtDNA D-loop sequences to en-
lighten genetic background of C. [uteus. The use of multiple
genetic marker systems increases the resolution power of ge-
netic studies (Gruenthal et. al., 2007). The present study cont-
ributed to acquire further knowledge about genetic structure
by analyzing cyt b sequences either. Some studies have been
carried out with this marker (cyt b) in different fish species
collected from similar localities and haplotypes have been de-
termined (Parmaksiz and Seker, 2018; Parmaksiz and Altun-
dag, 2018). For Arabibarbus grypus populations 5 polymorp-
hic sites and 5 haplotypes were identified by Parmaksiz and
Seker (2018). For Achantobrama marmid populations 4 poly-
morphic sites and 5 haplotypes were identified Parmaksiz and
Altundag (2018).

In the present study 13 polymorphic sites and 5 haplotypes
were identified following the assessment of cyt b sequences
of 65 samples collected from five localities in two different
river systems. While haplotypes H3, H4, and H5 were obser-
ved in one each sample, haplotype H1 was established as the
common haplotype which was seen in 54 samples and all lo-
calities. Total haplotype diversity (Hd) was 0.299; Nucleotide
diversity (m) was 0,00453. Studies conducted in similar loca-
lities determined a total number of 7 haplotypes for D-loop
locus, haplotype diversity (Hd) was 0.373; Nucleotide diver-
sity (m) was 0,00453 (Parmaksiz, 2020); for haplotype were
identified for COI locus haplotype diversity (Hd) was 0.534;
Nucleotide diversity (7r) was 0,00367 (Parmaksiz and Eskici,
2018). Results of the present study and other two surveys
were in parallel. Haplotype and nucleotide diversity are im-
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portant indicators of genetic variation, as higher values indi-
cate higher genetic variation (Falush et. al., 2003; Liu, 2017).
Higher levels of genetic diversity reflect strong adaptation
and survival abilities of populations (Barrett and Schluter,
2008). As seen, haplotype and nucleotide diversity of this fish
species were found to be lower with respect to mtDNA mar-
kers.

Conclusion

It is crucial to take measurements to stop loss of genetic di-
versity and to start conservation studies. Firstly, invasive spe-
cies should be controlled and excessive fishing must be pre-
vented. In case of failure to take measurements, the level of
genetic diversity will decrease further, feeding, reproduction,
competition, and adaptation abilities of populations will dec-
line too and target organism will be under threat of extinction.
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Introduction

In the last century, an excessive increase in the global tem-
perature has been observed (IPCC, 2018). This increase en-
dangers many species; including sea turtles, because it affects
hatchlings’ phenotype (Glen et al. 2003), hatching success
(Broderick et al., 2001; Weber et al., 2012) and sex propor-
tion (Lalo€ et al., 2016).

The maximum thermal limit for successful incubation is not
adequately defined (Howard et al. 2014); assessing this value
allows identifying sea turtle populations at risk of embryonic
mortality due to possible increases in global temperatures.
For green turtles, Miller (1997) defined a temperature of 33°C
as the maximum thermal limit for hatching to occur, while
Weber et al. (2012) reported at a temperature of 33.4°C a
hatching success between 25 and 57%. However, Tilley et al.
(2019) reported a hatching success of 71% at an average tem-
perature of 33 °C. Laloé et al. (2017), indicated for the Cape
Verde rookery that by the year 2100, under the least favorable
climate change scenario, hatchlings’ emergence success
would be reduced to 49.1%.

In addition, nest temperature influences hatchling’ locomotor
performance (Booth et al., 2012) and increase the frequency
of congenital anomalies (Wyneken and Salmon, 2020). These
morphological alterations can range from changes in the pat-
tern of carapace scutes which are characteristic to each sea
turtle species (Zimm et al., 2017), to other anomalies, such as
the absence of a tail, deformations of the carapace, modifica-
tions or absence of eyes, and albinism (Wyneken & Salmon,
2020).

Monitoring nest temperatures and hatching success provides
essential information for the conservation and management
of sea turtles. Changes in hatching success may indicate var-
iation occurring in some of the influencing factors (Miller et
al., 2000). A significant decrease in hatching success over
time would lead to reductions in population size (Saba et al.,
2012; Santidrian et al., 2015).

Temperature studies in Cuba have been focused on rookeries
in the Guanahacabibes Peninsula and the San Felipe Keys
(Gerhartz et al., 2018 and Calderon et al., 2020). High tem-
peratures in nests were found in both areas. Also, studies car-
ried out by Azanza et al. (2008) with green turtle in the Gua-
nahacabibes Peninsula, show low embryonic mortality and an
emergence success rate over 80%, but with high levels of
congenital anomalies. None of these studies attempted to in-
vestigate the relationship between nest temperatures and
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hatching success or phenotypic abnormalities in the hatch-
lings. Therefore, the objective of this study was to evaluate
the influence of nest temperature on hatching success and the
incidence of hatchling’ phenotypic abnormalities.

Material and Methods

Study Area

The work was carried out from 2010 to 2019 during the
months of June to September in the Guanahacabibes Penin-
sula (Fig. 1), one of the most important nesting colonies in
southwestern Cuba (Moncada et al., 2011). Two of the index
beaches located on the southern coast of the peninsula, Anto-
nio (21.90 N; -84.66 W) and La Barca (21.85 W; -84.76 N),
were selected (Fig. 1).

Data Collection

To monitor incubation temperatures, two types of dataloggers
(HOBO U12 and Pendant® 8K-UA-001-08) were placed in
the center of 14 nests on Antonio Beach and in 34 nests on
La Barca Beach. HOBO U12 has an operating range from -
20° to 70°C (temperature) and an accuracy of + 0.35°C from
0° to 50°C and Pendant® 8K-UA-001-08 has an operating
range from -20° to 70°C and an accuracy of + 0.53°C from
0° to 50°C. They were introduced during the oviposition and
programmed to register every two hours synchronously. All
sensor information was downloaded using HOBOware Pro
version 3.2.1 software (Onset Computer Corporation). Incu-
bation duration was calculated according to the criteria stated
in Calderon et al. (2020): the number of days between the
night of laying and the night the first hatchlings emerged
(Godley et al. 2002) minus the average number of days (four)
that hatchlings spent in the egg chambers. Subsequently, av-
erage daily nest temperature and the average over the entire
incubation period were calculated for each nest. In addition,
each incubation period was divided into three equal thirds for
analysis for which the average temperatures were also calcu-
lated.

Nest exhumation was performed three days after the emer-
gence of the hatchlings and the number of empty eggs shells
and unhatched eggs was counted. Hatching success was de-
fined as the percentage of hatched eggs (assumed from the
number of shells) with respect to the total number of eggs in
the nest (sum of the number of shells and unhatched eggs).
The number of nests that were evaluated for hatching success
by seasons is reflected in Table 4.
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Figure 1. Location of sea turtle nesting beaches in the Guanahacabibes Peninsula National Park and Biosphere Reserve, Cuba.
Antonio and La Barca, the index beaches where the study was carried out, are highlighted in black

In order to evaluate the influence of temperature on congeni-
tal anomalies, the number of hatchlings with supernumerary
vertebral and costal shell scutes and carapace malformations
(compressed carapace) was counted in 17 nests with sensors
and another set of 109 nests without sensors at La Barca
Beach. For each nest, the percentage of hatchlings with each
malformation was calculated. These malformations were se-
lected because they are the most frequent in the Guanahaca-
bibes rookeries (Azanza et al., 2008). Hatchlings’ morpho-
logical anomalies stated above were only related to the tem-
perature of the last third of embryonic development, because
according to Miller et al. (2017), it is during this stage that
the formation of the shell and scales occur.

Statistical Analysis

Spearman correlation was used to evaluate the influence of
average incubation temperature on hatching success for the
entire period and during each incubation third. This test was
also used to evaluate relationships between incubation tem-
perature during the last third with the percentages of carapace
malformations and supernumerary scutes. Differences in

hatching success between seasons were determined with
Kruskal-Wallis test followed by a non-parametric means’
comparison test. Statistica version 8.0 software was used to
carry out the statistical tests with a 0.05 value of significance.

Results and Discussion

According to Howard et al. (2014), the maximum limit for
successful incubation is not adequately defined. In this study,
the average temperature of the incubation period was 31.33
+0.51°C (30.5 - 32.7°C) while average temperature during
the last third of embryonic development was 33.23 £0.76°C
(32 - 35°C). Despite high temperatures, average hatching suc-
cess per season was higher than 87%, with the exception of
the nests of the 2016 in La Barca Beach, (Table 1). With tem-
perature as high as 35°C during the last third of incubation,
still, two nests in La Barca Beach presented hatching success
higher than 94%.

Hatching success reported in this study is higher than in other
nesting areas for a given temperature value. Table 2 shows
the marked variation in hatching success between incubation
temperatures, even in studies carried out on the same nesting
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beaches. A negative correlation was found between the av-
erage temperature during the entire incubation and during the
last third with hatching success. At La Barca Beach, the rela-
tionship found between hatching success and temperature
was low, while in Antonio was higher. The temperature of the
second third was not related to hatching success on any of the
beaches. At the same time, higher temperatures during the
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first third of embryonic development only caused a decrease
in hatching success at Antonio Beach. In both beaches, the
temperature of the last third was the one that best explained
the decrease in hatching success (Table 3). This is the period
of the development with the highest temperatures because of
the metabolic heating (Sonmez, 2018).

Table 1. Temperature and hatching success of green turtle nests analyzed by seasons in the Guanahacabibes Peninsula, Cuba

Beach Nesting season N TPI Mean = SD T3 Mean = SD HS Mean + SD

La Barca 2014 6 31.04+ 0.44 32.5+ 0.54 93.03 £4.38
2015 7 31.44+0.60 33.51+0.91 95.51+£2.72
2016 2 32.66 £1.12 35.29+ 1.52 82.61+ 6.20
2017 3 31.32+0.47 33.12+0.71 90.93+9.14
2018 5 31.22+0.31 32.97+0.67 94.09 +3.34
2019 11 31.87+0.69 34.11+0.75 90.26+ 6.18
Total 34 31.59+0.61 33.58+0.85 91.07+5.33

Antonio 2014 4 30.87+0.35 32.43+0.66 95.45+3.74
2015 1 30.96 32.64 100
2016 2 31.36£0.89 33.43+1.33 90.55+ 1.34
2018 3 30.65+0.28 32.22+0.67 96.15+3.16
2019 4 31.34+0.45 33.35+0.60 87.96+4.76
Total 14 31.04+0.49 32.81+0.81 94.02+3.25

Temperature of the entire incubation period (TPI), incubation temperature during the last third (T3), number of nests

(N), hatching success (HS), standard deviation (SD)

Table 2. Hatching success in green turtle nests, reported at different incubation temperatures on different nesting beaches

Reference Location TPI Hatching Success
Mean = SD (SEM) (°C) Mean = SD (%)

Broderick et al. (2001) Long Beach 29.540.10 85 +0.16

NEB 32.240.18 57 £0.23
Weber et al. (2012) Long Beach 31 <80

NEB 33 <60
Santidrian et al. (2017) Cabuyal, Costa Rica 31.2£1.2 87 £19
Tilley et al. (2019) Long Beach 31+0.6 91 7

NEB 33+0.9 71 £18
Stewart et al. (2020) Redang Island, Malaysia 31.9+0.2 80.2 +6.4

Standard deviation (SD); Standard error of the mean (SEM); Temperature of the entire incubation period (TPI)

Table 3. Correlation between incubation temperature, during different stages of embryonic development, and hatching success

in green turtle nests in the Guanahacabibes Peninsula, Cuba

Period Antonio La Barca
First third =-0.56* r=-0.21 ns
Second third r=-0.23 ns r=-0.26 ns
Last third r=-0.60%* r=-0.42%
Incubation temperature =-0.49 ns =-0.40%*

*p<0.05
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The decrease in hatching success with the increase in temper-
ature during the first and last third found in Antonio Beach
coincides with that found by Weber et al. (2012) in nests of
C. mydas and by Kobayashi et al. (2017) in loggerhead
(Caretta caretta) nests. These authors found no relationship
between the temperature of the second third and the embry-
onic mortality recorded during this period. Bladow & Milton
(2019) observed an increase in embryonic mortality in green
turtle nests only in the final stages of embryonic develop-
ment, similar to La Barca Beach.

changes in abiotic and biotic factors, therefore, lack of varia-
tion might be related with stable environment conditions dur-
ing analyzed seasons. The fact that the increase in nesting
temperatures observed in recent years by Calderdn et al.
(2020) at Guanahacabibes beaches is not equally reflected in
hatching success, could be the result, not only of the thermal
tolerance of embryos in nests with high temperatures, but the
influence of other abiotic factors such as moisture, sand char-
acteristics (Erb et al., 2018) and biotic factors like nest site
selection (Weber et al. 2018) that might be compensating the

) } . effect of high temperatures.
The low relationship found between hatching success and

nest temperature at La Barca Beach may be due to the fact
that hatching success is influenced by other factors such as
water availability (Erb et al., 2018), gas concentrations (Chen
etal., 2010), presence of vegetation (Cabrera et al., 2019) and
sand grain size (Ackerman, 1977; Stewart et al., 2020).

Hatching success observed per season in Guanahacabibes is
higher than reported in many nesting areas (Table 5). Wide
ranges of beach characteristics have been evaluated in litera-
ture to determine their effect on nest site selection and hatch-
ing success (Turkozan et al., 2011; Ditmer & Stapleton,
2012). In the case of Guanahacabibes, it seems that slope
(preventing erosion and nest flooding) together with sand
characteristics (color and grain size) guarantee proper em-
bryo development. Vegetation presence and species is also
identified as a determinant factor for hatching success in this
area (Cabrera et al., 2019).

Hatching success did not show a difference between seasons
at La Barca Beach (H (o, n=370) = 14.99 p = 0.09), but there
was difference in Antonio Beach (H (; n=93) = 18.90; p =
0.004). At this beach, only the year 2014 differed from 2016
and 2019. In most of the seasons, hatching success was higher
than 85% (Table 4). Miller et al. (2000), suggests that tempo-
rary changes in hatching success could be related with

Table 4. Hatching success per season in green turtle nests on Antonio and La Barca beaches

Beach Nesting season N(N *100/ total nests of the beach) Hatching success Mean £+ SD

La Barca 2010 40(38.84) 89.36 £ 13.6
2011 44 (36.98) 76.06 +32.97
2012 10 (9.74) 96.24 +£4.21
2013 18 (8.11) 91.02+5.40
2014 21 (34.4) 87.94+ 9.21
2015 100 (40.98) 89.59 £ 11.95
2016 24 (21.42) 82.45+21.06
2017 32 (14.29) 87.86 +19.27
2018 17 (21.79) 90.76 + 7.53
2019 64 (27.11) 86.32 £ 13.91
Total 370 87.76 +13.91

Antonio 2010 11 (28.20) 86.39 + 13.68
2014 11 (52.38) 9594 + 3.55
2015 14 (22.95) 88.71 +£ 13.52
2016 12 (20.33) 84.92 +10.58
2017 15 (9.67) 87.99 £ 10.01
2018 10 (22.73) 93.92 + 4.51
2019 20 (19.42) 81.14 +£16.18
Total 93 88.43 +£10.29

Standard deviation (SD); Number of nests (N) in parentheses is the percentage that represents the number of nests analyzed with respect to
the total nests of the season
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Table 5. Hatching success in green turtle nests by nesting season in different study beaches. Some studies report hatching
success and standard deviation (SD), others reflect standard error (SEM), and others only report hatching success

Reference Location Hatching success (%) Years monitored
Mean = SD/ (SEM)
Cheng et al. (2008) Lanyu Island, Taiwan 80.7 £27.8 1997-2006
Wan-an Island 72.2 £30.2 1997-2006

Bellini et al. (2013) Atol das Rocas, Brazil 72 1993

78.6 1994

74.1 1995

70.1 1996

70.1 1997
Zarate et al. (2013) Galapagos Islands 46 £33.4 2004-2007
Xavier et al. (2006) Cucuyo, México 92 2002

89 2003

86 2004
Turkozan et al. (2011) Akyatan, Turkey 58-67 2006-2009
Almeida et al. (2011) Trindade Is, Brazil 84.4+215 | e
Brost et al. (2015) Florida 54.9 £(8.2) 2002- 2012
Bladow y Milton (2019) | Boca de raton, Florida 54.82 £(6.94) 2016

55.02 £(2.30) 2017

Effect of Temperature on Malformations

Many authors have evaluated the effect of biotic and abiotic
factors on the morphology of hatchlings. Both the maternal
origin and the conditions of the nest influence their morphol-
ogy (Glen et al., 2003; Booth et al., 2012). On this matter,
relocation of nests also impacts embryos morphology. Son-
mez (2019) found significant differences in plastral scutes be-
tween natural and relocated nests while Sonmez et al. (2011)
found significant differences in nuchal, costal and marginal
scutes as well as in their straight carapace width, weight, and
length of their fore limbs. Congenital malformations can re-
duce the emergence of hatchlings (Craven et al., 2019). Ac-
cording to Wyneken & Salmon (2020), if the young success-
fully emerge from the nest and reach the sea, their survival
chances are lower due to the existence of anomalies or other
defects caused by high temperatures.

As shown in Figure 2, a positive relationship was found be-
tween the temperature presented during the last third of em-

bryonic development and the frequency of neonates with su-
pernumerary scutes (r=0.70; p <0.01). However, the increase
in temperature in the nests of this species did not seem to in-
fluence the malformations of the carapace in the neonates r =
-0.22; p> 0.05.

The increase in the number of scutes due to the increase in
temperature found in this study coincides with that described
by Zimm et al. (2017). The increase in nest temperature in-
creases the speed at which embryonic development occurs re-
sulting in a decrease in the duration of incubation (Miller et
al., 2017). This increase in the speed of embryonic develop-
ment may be the cause of the appearance of errors in the pro-
cess of formation of the scutes.

Of the 126 nests analyzed, malformations in the carapace
were less frequent than supernumerary shells (Table 6). Bar-
cenas-Ibarra et al. (2015) and Azanza et al. (2008) report su-
pernumerary shells as the most frequent anomalies found in
this species.
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Figure 2. Relationship between the temperature of the last third of embryonic development and the main phenotypic anomalies
reported in Guanahacabibes. Left: supernumerary scutes and right: malformations in the carapace

Table 6. Percentage of the most frequent malformations found in Chelonia mydas nests in the Guanahacabibes Peninsula, Cuba

Mean + SD Min Max
Carapace malformations (%) 2.11 £5.99 0.00 41.67
Supernumerary scutes (%) 9.16 £14.30 0.00 86.11

Standard deviation (SD)

Conclusion

High hatching success recorded in this study, despite high
temperature; demonstrate the thermal resistance of green tur-
tle hatchlings on the beaches analyzed. However, high tem-
peratures, especially last third of embryonic development, did
affect hatching success and caused alterations in the charac-
teristic shell pattern of this species.
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Yetistiricilik alanindaki, tiir gesitliliginin dogal kaynaklarla karsilastirilmayacak kadar az olmasi, yetistiriciligi ya-
pilan baliklarda arz ve talebe bagli bolgesel veya asiri/dengesiz fiyat diislislerine sebep olmaktadir. Bu fiyat diisiis-
lerinin aksine porsiyonluk balik {iretim maliyetleri ise yildan yila artmaktadir. Bu durum 6zellikle Avrupa’nin en
biiytik tireticisi olan Tiirkiye’de alabalik fiyatlarini etkilemektedir. Tiirkiye tiikketim piyasasi i¢in uzun raf dmriine
sahip delikat (lezzetli-nefis) tirinlerin gelistirilmesi 6nemlidir. Bu ¢alismada da islenmis gokkusagi alabalik yumur-
talarinin daha uzun dayanim raf 6mriinii belirlemek tizere katki maddelerinin etkisi incelenmistir. Caligmada sagim
yoluyla temin edilen gokkusagi alabaligi yumurtalar: %10°luk salamura ile temizlendikten sonra 40 saat boyunca
kuru tuzlama (%7.5) yapilmustir. Ardindan %5°lik tuz salamurasi ile yikanmig, kuruma isleminden sonra muame-
lesiz (kontrol) birakilan ve %1 oranlarinda sivi duman, kekik, limon, keten veya iiziim ¢ekirdegi yaglari ile muamele
edilen toplam 6 gruba ayrilmistir. Bu sekilde ayrilan balik yumurtalar: cam kavanozlara yerlestirilmis ve 1s1l iglem
uygulamasi yapilmadan buzdolabi kosullarinda depolanmigtir. Sivi duman ve esansiyel yag uygulanan {iriinlerin
duyusal analizleri sonucunda panelistler tarafindan olumlu geri doniisler alinmigtir. Sivi duman uygulanan grup
mikrobiyolojik agidan en giivenli gruptur ve analiz siiresi boyunca tiiketilebilir 6zelliklerini kaybetmemistir. Uziim
¢ekirdegi yagi uygulanan islenmis alabalik yumurtalarinin raf 6mrii 50 giin, kekik yagi uygulanan grubun 30 giin,
keten ve limon yagi uygulanan gruplarin ise raf dmrii 10 giin olarak belirlenmistir.

Anahtar Kelimeler: Alabalik, Oncorhynchus mykiss, Balik yumurtasi, Sivi duman, Esansiyel yaglar,
Katk1 maddeleri, Raf 6mrii

ABSTRACT
The effect of additives on the shelf life of processed trout eggs

The fact that the diversity of species in the aquaculture sector is too low to compare with natural resources
causes regional or excessive/unbalanced price decreases in aquaculture depending on supply and demand. In
contrast to these price decreases, portion fish production costs are increasing year by year. This situation
affects trout prices especially in Turkey, which is the biggest producer in Europe. It is important to develop
delicate (tasty-delicate) products with a long shelf life for the Turkish consumer market. In this study, the
effects of natural and synthetic additives were investigated to determine the longer shelf life of processed
rainbow trout eggs. In this study, rainbow trout eggs obtained by stripping were cleaned with 10% brine,
followed by dry salting (7.5%) for 40 hours. Then they were washed with 5% salt brine, left untreated (cont-
rol) after drying, and divided into 6 groups, which were treated with 1% liquid smoke, thyme, lemon, flax, or
grapeseed oils. The rainbow trout eggs were placed in glass jars and stored under refrigerator conditions
without heat treatment. According to the sensory analysis results of the liquid smoke and essential oil applied
products positive feedback has been received from the panelists. The liquid smoke applied group was the
safest group in terms of microbiology and did not lose its consumable properties during the analysis period.
The shelf life of processed trout eggs to which grapeseed oil was applied was 50 days, 30 days for the group
treated with oregano oil, 10 days for the groups treated with flax and lemon oil.

Keywords: Trout, Oncorhynchus mykiss, Fish eggs, Essential oils, Liquid smoke, Additives, Shelf life
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Giris

Su iirlinleri tiiketiminde islenmis balik yumurtasi besin bile-
simi ve gastronomik 6zellikleri bakimindan tiiketici nezdinde
talep goren besin kaynaklarindan biridir. Geleneksel iglenmis
balik yumurtalarindan yapilan {iriinler (mersin havyari,
mumlu kefal yumurtasi, tuzlanmis turna ve sazan yumurtalari
vs.) diinyada oldugu gibi Tirkiye’ de de (agirlikh kiyr serit-
lerinde) katma degeri yliksek ve gurme tercihler nezdinde tii-
ketimi olan gida maddeleridir. Giderek artan su {iiriinleri ye-
tistiricilik ¢aligmalarina bagli olarak, bu tarz geleneksel {iriin-
lere farkli balik yumurtalarinin da islenmesi eklenmis ve pa-
zara sunulmustur.

Salmo salar, Oncorhynchus kisutch ve Oncorhynchus mykiss
yetistiriciligi yapilan baliklar arasinda en ¢ok yumurtalari is-
lenen tiirlerdir. Bu anlamda mersin havyar1 gibi popiilarite
kazanarak Rusya ve Japonya’da “Ikura” olarak adlandirilan
0zel iirlinlere doniigsmiistiir (Bledsoe ve Rasco, 2006). Ayni
zamanda alabalik yumurtalarinin igslenmesi mersin balig tiir-
lerinin korunmasina yonelik bir faaliyet olarak degerlendiril-
mekte ve bu islemle elde edilen {iriin mersin baligindan elde
edilen havyara gore daha erisilebilir bir arza yardimci olmak-
tadir (Machado ve dig. 2015). Alabaliktan yapilan iglenmis
yumurta {riinleri, bolgesel iireticiler icin ekonomik agidan
daha ucuz ve karli oldugundan iiriin ¢esitliliginin olusumuna
da katki saglamaktadir. Bazi kaynaklarda islenmis alabalik
yumurtalarinin mersin balig1 havyartyla mukayesesinde tane
biiyiikliigli bakimindan daha biiyiik ve tat ve koku bakimin-
dan daha lezzetli oldugu da belirtilmektedir (Villegas, 2014).
Salmonidae familyasindan elde edilen bu {iriinlerin renk ska-
las1 baligin beslenmesine bagli olarak saridan-kirmiziya (so-
mon rengi dahil) kadar degisik varyasyonlar sunmaktadir. Bu
cesitlilik ve son yillardaki bu tiriinlerin piyasalardaki arzi tii-
ketici gruplari tarafindan benimsenmesine ve tiiketim artigina
katki saglamaktadir.

Giivenli olmayan gida ve su tiiketimi yaklasik olarak 2 mil-
yon insanin dliimiiyle diinyada iliskilendirilmektedir (WHO,
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2015). Bu anlamda gida giivenligine yonelik dogal ve yapay
gida katkilarimin kullanimi degerlendirilmektedir. Tiiketicile-
rin genel tercihi ise agirlikli yapay koruyucu katki maddeleri
icermeyen gidalara yonelik olmaktadir (Holley ve Patel,
2005; Erkan ve Bilen, 2010; Mastromatteo ve dig. 2011). Tii-
ketici nezdinde gida giivenligine yonelik istenen raf omrii
beklentilerinin karsilana bilmesi i¢in engel teknolojileriyle
birlikte kullanilabilir yeni alternatif yontemlerin degerlendi-
rilmesini gerektirmektedir (Burt, 2004). Bu firiinlerde pasto-
rizasyon uygulamasi ile daha uzun siireli raf dmrii kazandiri-
labilirken aroma/tat tlizerindeki degisimlerde olumsuz etki
s0z konusu olabilmektedir. Ayrica tuz konsantrasyonu ve de-
polamadaki sicaklik, islenmis yumurtalarin korunmasinda
her zaman etkili degildir (Fioretto ve dig. 2005). Son dénem-
lerde ise gidalar1 korumaya ve raf omrii artisina yonelik bit-
kisel kokenli katki maddeleri uygulamalar1 konusunda artan
bir ilgi vardir (Holley ve Patel, 2005).

Yapilan bu ¢alisma ile iilkemizde yiiksek iiretim potansiye-
line sahip olan ve sektdr i¢in yeni bir ihracat alternatifi olus-
turabilecek gokkusagi alabaliginin (Oncorhyncus mykiss
Walbaum, 1792) islenmis yumurtalarinda katki maddesi sivi
duman ile kekik, limon, keten ve iiziim ¢ekirdegi esansiyel
yaglarinin kullanim etkilerinin arastirilmasi amaglanmistir.

Materyal ve Metot

Calismada kullanilan alabalik (Oncorhynchus mykiss Wal-
baum, 1792) yumurtalar1 Altindere Alabalik Uretim ve Pa-
zarlama Sirketi’nden (Akyazi/Sakarya), toplam 41 baliktan
sagim yoluyla 26.95 kg olarak temin edilmistir. lgili tesisten
alman yumurtalar Istanbul Universitesi Su Bilimleri Fakiil-
tesi Isleme Teknolojisi Anabilim Dali Laboratuvarlarma so-
guk zincir kosullarinda nakledilerek iiriin isleme ve analiz ¢a-
lismalar1 yapilmistir.
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Sekil 1. islenmis alabalik yumurtalarinin ¢alisma hazirliklari ve tasarimi

Figure 1. Study preparations and design of processed trout eggs
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Toplam tuz igerigi Varlik ve dig. (2007), besin bilesimi ana-
lizlerinden protein tayini AOAC 928.08 Kjeldahl metoduyla
(AOAC, 1998a), yag analizi Weilmeier ve Regenstein (2004)
tarafindan 6nerilen metodun Ozden ve dig. (2007) tarafindan
modifiye edilmis versiyonu kullanilarak, nem analizi AOAC
980.46 (1998b)’ ya gore, kiil analizi AOAC 938.08 (1998c)
metoduna gore yapilmistir. Antonacopoulas ve Vyncke
(1989) tarafindan verilen yonteme goére toplam ugucu bazik
azot (TVB-N) analizi yapilmistir. trimetilamin (TMA-N) ve
tiyobarbiitirik asit (TBA) analizi Erkan ve Ozden’e (2008)
gore yapilarak hesaplamasi standartlarin egrileri tlizerinden
olusturulan denklem vasitasiyla seyreltme faktoriiniin kulla-
nimryla yapilmistir. pH Vyncke, 1981 gore gergeklestirilmis-
tir. Toplam mezofilik ve psikrotrofik aerobik bakteri sayimi
icin FDA’nin (1984) dokme plak yontemi kullanilmak sure-
tiyle steril kabin icerisinde gerceklestirilmistir. Alabalik yu-
murtalarindaki mezofilik aerobik mikroorganizmalarin tayini
dokme plak yontemi ile Plate Count Agar (PCA) (Merck, Al-
manya) besiyerine ekilip 37°C* de 24-48 saat inkiibasyon
sonrast sayilarak yapilmstir. Psikrotrofik bakteri yiiki
dokme plak yontemi kullanilmak suretiyle 7°C” da 10 giin in-
kiibasyon yapilmak suretiyle gergeklestirilmigtir. Tiim mik-
robiyolojik sonuglar log kob/g olarak verilmistir. Duyusal
analizlerde, Varlik ve dig. (2007) tarafindan onerilen duyusal
skalanin, islenmis alabalik yumurtalarina modifiye edilmesi
ile olusturulan hedonik skala kullanilmigtir. Analizler raf
omrii siiresince, 3 bay ve 7 bayan olmak {izere toplam 10 de-
neyimli panelistin (yas araligi 25-45) katilimiyla oda sicakli-
gindaki laboratuvar kosullarinda gergeklestirilmistir. Duyu-
sal skalada 10-9 puan aras1 “miikemmel”; 8.9-8 puan “cok
iyi”; “7.9-6” iyi; “5.9-5” Yeterli ve “<4.9” tiiketilmez olarak
degerlendirilmistir.

Tiim ¢alisma boyunca deneyler 3 paralelli yapilmis, islenmis
alabalik yumurtalarinin deneysel sonuglarinin gruplar1 ara-
sindaki fark i¢in tek yonlii varyans analizi (ANOVA) ile TU-
KEY istatistiksel degerlendirme yontemi kullanilmistir (p
<0,05) (Stimbiiloglu ve Siimbiiloglu, 2002).

Bulgular ve Tartisma

Havyar basta olmak iizere degisik balik yumurtalar1, diinyada
farkli konsantrasyonlardaki tuz ve koruyucu katki maddeleri-
nin ¢esitli teknikler uygulanmasiyla yapilan, tiiketiciler nez-
dinde yogun bir talep goren “delikat” iiriinlerdir. Isletmede
sagimi yapilan alabalik yumurtalarinin islenmesi sirasinda
tuz gecislerini ve son {irlindeki tuz miktarini belirlemek ama-
ciyla tuz gecisi takip edilmistir (Sekil 2). Ham materyal tuz
miktar1 9%0.52 £0.02 olarak tespit edilirken, kuru tuzlama
(%7.5 tuz uygulamasi) sonrast bu deger yumurtada %3.50
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+0.04’e yiikselmistir. Salamura ve salamura+sivi duman uy-
gulama asamasinda tuz gegisinde artis devam etmistir. Uriin-
lerin gruplandirilmasi siirecinde ise soguk depolamanin 10.
giiniinde yapilan kontrollerde A, B, C, D, E ve K grubu i¢in
bu degerler swrasiyla %5.67 +0.04, %5.71 +0.16, %5.03
+0.02, %4.59 +0.00, %5.42 +0.00 ve % 5.36 +0.00 olarak bu-
lunmustur. Istatistiksel anlamda tuz miktar1 bakimindan A ve
B grubu arasinda fark bulunmazken (p>0.05) diger gruplar
arasinda fark bulunmustur (p<0.05). Besin bilesimleri yoniin-
den degerlendirildiginde iiriinler diger balik yumurta {iriinle-
rinden farkli cikmamis ve balik eti gibi yiliksek oranda protein
ile yag icerdigi de tespit edilmistir. Protein degerleri islenme
stirecinde bir miktar diisiis gdstermis, benzer sonu¢ yag mik-
tarlarinda da tespit edilmistir. Nem miktar1 salamura 6nce-
sinde tuzlamaya bagli olarak diigme egilimi géstermekle bir-
likte salamura siiresince baslangi¢ degerine goére artmustir.
Kiil degerleri ise tiim bu siirecte istatistiksel olarak anlamli
artig gostermistir (p<0,05) (Sekil 3).

Gokkusag alabaliklarinda Mahmoud ve dig. (2008) islenme-
mis yumurtalarin besin bilesim igeriklerini %28,5 protein,
%9.6 yag, %57.0 nem ve %1.3 kiil olarak tespit etmislerdir.
Oncorhynchus tshawytscha yumurtasinin besin bilesimi ise
%26.16 protein, %10.59 yag, %55.60 nem ve %1.42 kiil ola-
rak belirlenmistir (Bekhit ve dig. 2009). Inanl ve dig. (2011)
ise yapmig olduklar1 ¢alismada gékkusagi alabaligi yumurta-
sinda bu degerleri sirasiyla %24.77, %11.65, %61 ve %2.15
olarak bulunmustur. Bu arastirmada elde edilen sonuglar,
daha Once degisik arastirmacilar tarafindan ortaya konan de-
gerlerle uyumluluk igerisindedir. Yine de unutulmamalidir ki
balik yumurtalar1 ve havyarlarinin kimyasal kompozisyonu
balik tiiriine, yumurtanin olgunluguna, yumurtalik igerisin-
deki yumurta miktarina, baligin beslenmesine, balik olgunlu-
guna, hasat mevsimine ve isleme sartlari/tekniklerine bagl
degiskenlikler gosterebilmektedir (Bekhit ve dig. 2009; Shi-
rai ve dig. 2006; Mahmoud ve dig. 2008). Islenmis balik yu-
murtalariin kimyasal kompozisyonu balik tiiriine ve isleme
tekniklerine gore degismektedir (Inanli ve dig. 2010). Gess-
ner ve dig. (2002)’ ne gore tuzlu salamura uygulanmig 6rnek-
lerin su igerigindeki artisdan dolay1 protein, yag ve kiil mik-
tarlarinda bir miktar diisiis olmaktadir. Kiil degerindeki ben-
zer degisimden Pourashouri ve dig. (2015) de bahsetmis bu-
nun da su emiliminden kaynaklandigini belirtmislerdir. Mar-
tinez ve dig. (2007) Salmo salar yumurtalarinda sivi duman
uygulamasi sonrasi nem miktarinin diger gruplara gore daha
diisiik oldugunu ifade etmistir. Himelbloom ve Crapo (1997)
da Oncorhynchus gorbuscha yumurtalarini doygun salamu-
rada tuzlamis ve besin bilesim (protein, yag, nem ve kiil) de-
gerlerini %31.8, %11.0, %49.3 ve %7 olarak vermislerdir.
Sonuglar literatiir ile uyumlu bir sekilde isleme siire¢lerine
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bagh degisim gostermistir. Bu degisimdeki etkenin su ve tuz
arasindaki gegis siireclerine bagli besin bilesiminde suyun
azalmasiyla ortaya ¢ikan degisimin oranlara reel olmayan et-
kisinden kaynaklandig: tespit edilmistir.

Bu ¢alisma ile islenmis balik yumurtalarinda daha 6nce de-
nenmemis farkli katki maddelerinin kullanimiyla ¢esitli
aroma ve tatlarda yeni Uriinler gelistirilmistir. Ayrica yeni
katkilarin raf 6mrii tizerine etkileri arastirilmis, bu arastirma
siireclerinde raf 6mrii kimyasal, mikrobiyolojik ve duyusal
analiz sonuglariyla degerlendirilmistir. Sonuglar bir biitiin
olarak degerlendirildiginde 6zellikle kimyasal parametrelerin
raf dmriiniin ortaya konmasi agisindan yetersiz kaldig1 sonu-
cuna varilmistir. Tiim gruplar da kimyasal analiz sonuglarina
gore aragtirmanin stirdiirildiigii 70 giin boyunca limit deger-
lerin asilmadig belirlenmistir (Sekil 4).

Gokkusagi alabaligi yumurtalarimin islenmesine yonelik
Inanli ve dig. tarafindan 2010 yilinda yapilan bir galismada
ham yumurtanin TVB-N degeri 6.95 mg/100g olarak tespit
edilirken, depolama baslangicinda %4’liikk kuru tuzlama uy-
gulanmig trlinlerde TVB-N miktar1 7.06 mg/100g ve %8
kuru tuzlama uygulanmis grupta 7.04 mg/100g olarak bildi-
rilmistir. Mirsadeghi ve dig. (2015) ise islenmemis gokkusagi

alabalig1 yumurtalarinda TVB-N degerine 5.97 mg/100g, tuz-
lama isleminden sonra ise 6.05 mg/100g olarak tespit edildigi
bildirilmistir. Ozpolat ve Patir (2010) tarafindan yapilan di-
ger bir arasgtirmada ise alabalik yumurtalarinin igleme sonrasi
70. giinde TVB-N degeri 6.78 mg/100g, 84. giinde ise 6.64
mg/100g olarak belirlenmistir. Bu ¢aligmada elde edilen de-
gerler mevcut caligmalardan daha diisiik olarak tespit edil-
mistir.

Basby (1997) tarafindan Cyclopterus lumpus yumurtalariyla
5°C’ de yapilan depolama ¢aligmasinda 2.5 aya kadar TMA-
N konsantrasyonunun artmadigi tespit edilmistir. Celik ve
dig. (2012) balik yumurtasinda yiiksek diizeyde TMAO mev-
cut olmadig1 ve buna bagh kuru tuzlanns Mugil cephalus’un
yumurtalarinda daha az miktar TMA-N bulundugunu belirt-
mistir. Taze baliklarin TMA-N miktar1 1 mg/100g’a yakin
olurken, bozulmus baliklarin TMA-N miktar1 8 mg/100g’ n
tizerinde olmasi1 gerekmektedir (Varlik ve dig, 1993). Basby
ve dig. (1997) Cyclopterus lumpus yumurtalarinda diisiik
miktar TMAO ve buna bagli TMA-N degeri (1.3 mg/100g ve
<4.4 mg/100g) verilmistir. Benzer sekilde yapilan bu galig-
mada TMA-N miktar1 depolama boyunca alabalik yumurta-
larinda da diistiik degerler de bulunmus, diger literatiir bilgi-
lerinin destegi ile bu parametrenin kalite kriteri olarak deger-
lendirilemeyecegi sonucuna varilmistir.

%6.15

%35.67

N
S

0J.

%5.03

%3.5

% Tuz miktari

%4.59

Sekil 2. Alabalik yumurtalarinin igleme siirecindeki tuz gegisi

Figure 2. Salt transition in the processing of trout eggs
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Sekil 3. Alabalik yumurtalarinin besin bilesimlerindeki degisimler

Figure 3. Changes in nutritional components of trout eggs
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Sekil 4. islenmis alabalik yumurtalarinin kimyasal parametreler yoniinden degerlendirilmesi

Figure 4. Evaluation of processed trout eggs in terms of chemical parameters
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Yapilmis bir calismada, gokkusagi alabalik yumurtalarinda
TBA miktar1 0.73 pgMDA/g olarak tespit edilmis, tuzlama
isleminden sonra bu deger 0.84 ugMDA/g olarak belirlenmis-
tir (Mirsadeghi ve dig. 2015). Mugil cephalus’ un yumurtasi-
nin ise TBA miktar1 0.55 pugMDA/g iken, kuru tuzlama son-
rast bu deger 3.23 ugMDA/g olarak bulunmustur (Celik ve
dig. 2012). Kaba ve dig (2013)’ lerinin mezgit balig1 yumurta
konservesi ile yaptiklar bir arastirmada ham materyalde 0.36
ugMDA/g, dumanlanmigs balik yumurtalarinda 1.28
ugMDA/g ve dumanlanmis konserve edilmis mezgit yumur-
tasinda 0.58 ngMDA/g olarak degisim gosterdigini belirle-
mislerdir. Bu ¢alismada TBA degerleri depolama siirecinde
tiim katk1 uygulanmis gruplar da 1.5 pygMDA/g altinda kalir-
ken kontrol grubunda 10. giin itibariyle hizla artig gostererek
1.97 ugMDA/g degerine ulasmustir. Kontrol grubu &rnekle-
rinde bu deger depolama boyunca da diger gruplardan yiiksek
kalmustir. Oksidasyona karsi belirgin bir etki olarak en iyi so-
nug s1vi duman ve kekik yagi uygulanan A ve B gruplarinda
gorlilmiis; TBA degerindeki degisim ise ¢ok diisiik diizeyde
gerceklesmistir (p>0,05).

Literatiirde verilen alabalik yumurtalarinin pH degerleri ile
yapilan bu ¢alismada elde edilen veriler benzer aralikta bu-
lunmaktadir. Mirsadeghi ve dig. (2015) pH degerini 6.47 ve
Machado ve dig. (2016) ise 6.45-6.49 olarak belirlemistir. Su
iirtinleri icin pH limit degerleri 6-8 ile 7,0 arasinda verilmek-
tedir (Ozpolat ve Patir, 2010). Bu arastirmada 70 giinliik de-
polama boyunca islenmis alabalik yumurtas1 gruplarida pH
sonuclari limit degerlere ulasmamustir.

Mezofilik aerobik bakteri ve psikrotrofik bakteri gida giliven-
ligi bakimindan ortak degerlendirildiginde sivi duman uygu-
lamasinin depolama boyunca en etkili sonucu verdigi mikro-
biyolojik yiikk bakimindan limit degeri asmadig: tespit edil-
mistir. Ikinci sirada 50 giinliik raf 6mrii ile {iziim cekirdegi
yag1 uygulamasi gelmektedir, kekik yagi uygulanmis islen-
mis alabalik yumurtalarinin raf dmrii ise mikrobiyolojik kri-
terlere gore 30 giin olarak bulunmustur. Limon ve keten yagi
uygulanmis islenmis alabalik yumurtalarinda mikrobiyolojik
olarak raf dmrii ancak 10 giin ile smirlt kalmistir Higbir ko-
ruyucu uygulanmamig kontrol grubu 6rneklerinin ise 20 giin-
luk bir raf 6mriine gida giivenligi agisindan sahip oldugu be-
lirlenmistir (Sekil 5; Tablo 1).

Research Article

Goulas ve Kontaminas (2005)’a gore tuzlama su aktivitesini
diisiirmekte ve bunun sonucunda mikroorganizmalarin geli-
simi 6nlenmektedir. Su {iriinlerinde tiiketim agisindan kabul
edilebilir limit deger olarak mezofilik aerobik bakteri ve psik-
rotrofik bakteriler i¢in 7 log kob/g olarak bildirilmekle bir-
likte gida giivenligi agisindan bu deger 6 log kob/g olarak de-
gerlendirilmektedir (Olafsdottir ve dig. 1997). Himelbloom
ve Crapo (1997) nun galismalarinda tuz ile kiirlenmis somon
baligi (Oncorhynchus gorbuscha) yumurtasinin 30. giinden
sonra mikrobiyolojik yiikiiniin <2 log kob/g’dan 7.65 log
kob/g’a yiikseldigini tespit etmislerdir. Cyclopterus lumpus
yumurtalarinin 5°C’ da yapilan raf 6mri ¢alismasinda mikro-
biyal faaliyetlerden dolay1 kotii koku olusarak bozuldugu tes-
pit edilirken, yeni islenmis az tuzlanmis yumurtalarin toplam
canli sayisimin <2-3 log kob/g’ dan 3-4 haftalik depolama sii-
resinde 7 log kob/g’a kadar yiikseldigi tespit edilmistir
(Basby, 1997). Magnusson ve Martinsdottir (2006) ise 2. ay-
dan sonra 4°C’de muhafaza edilen % 3,5°lik tuz igerigine sa-
hip Cyclopterus lumpus yumurtalarinda toplam canli sayisi-
nin 7 log’dan fazla oldugunu tespit etmislerdir.

Tiiketici ve degerlendirici konumundaki panelistler tarafin-
dan “Goriiniis, Koku, Tekstiir ve Tat” parametreleriyle iligkili
depolama siire¢ degerlendirmesi duyusal yonden yapilmus,
ayni zamanda {irlinler hakkinda depolama 6ncesi tiiketim ter-
cihleri aroma ve tat bakimindan olumlu geri doniis yapilmis-
tir. Bu ¢aligmanin depolama baglangicinda tiim gruplarda ya-
pilan Goriiniis + Koku + Tekstiir + Tat acisindan panel test-
lerde en ¢ok begenilen grubun A (genel ortalama 8.95) grubu
ve en az tercih edilen grubun B (genel ortalama 8,57) oldugu
bulunmustur. Parametrelerin ortalamalar1 degerlendirildi-
ginde ise liziim ¢ekirdegi yagh ile kontrol grubunda 40 giin-
likk raf 6mrii tespit edilmistir. Diger gruplarda ortalama kri-
terler bakimindan tiiketim limit degerlerinin iizerinde yer al-
miglardir. Duyusal degerlendirmeler iirliniin pazarda yer ala-
bilmesi ve tiiketiciler tarafindan tercih edilmesi anlaminda
biiyilk 6nem tasimaktadir. Fakat raf Omriiniin belirlenme-
sinde bu degerlendirmelerin ayni zamanda mikrobiyolojik
yonden gida giivenligi ile de iligkilendirilmesi biiylik 6nem
tasimaktadir (Sekil 5 ve Tablo 1). Ozpolat ve Patir (2010) ba-
lik yumurtalarinin bozulmaya bagli sert-elastik yapidaki tek-
tiirlini kaybettigini ve daha yumusak-yapisik bir yapi olusu-
munun gerceklestigini bildirmistir. Benzer sonuglar panelist-
lerin yazdiklar1 not kisimlarinda bu ¢alismada da belirtilerek
depolama siiresine bagli artan yumusak-yapisik yap1 tespit
edilmigtir.
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Sekil 5. islenmis alabalik yumurtalarinin mikrobiyolojik ve duyusal parametreler yoniinden degerlendirilmesi

Figure 5. Evaluation of processed trout eggs in terms of microbiological and sensory parameters
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Tablo 1. islenmis alabalik yumurtalarinda tiiketim limit degerlerinin asimi ve giinler

Table 1. Exceeding the consumption limit values and days for processed trout eggs

Gruplar Mezofilik Bakteri Geli- | Psikrotrofik Bakteri Mikrobiyolojik Giivenli
simi Gelisimi Tiiketim Raf Omrii
(log kob/g) (log kob/g) (Giin)
Agivi Duman Limit deger asilmamigtir | Limit deger agilmamigtir | Raf 6mrii sonlanmamstir
BKekik yag 7.61 £0.16 7.39+0.00 30
CLimon yag 5.98 £0.71 7.25+0.04 10
Dketen yag 7.23 £0.13 7.27 £0.01 10
Etzim Cekirdegi yag 6.72 +£0.19 6.80 £0.17 50
Kkontrol 7.09+0.00 7.05+0.16 20
Sonug¢ iiretim sektoriine kazandirilmasi gerekliligini ortaya koymak-

Balik yumurtalarindaki yiiksek nem icerigi ve buna bagl su
aktivitesinin de yiiksek olmas1 mikrobiyal faaliyetlerin hizla
gelisimini tetiklemekte ve buna yonelik 6nlemlerin alinma-
sin1 zorunlu kilmaktadir. Bu ¢alismada uyguladigimiz koru-
yucu katkilarin bu anlamda etkileri de arastirilmis ve tiikketim
limitleri yoniinden degerlendirilmis, sivi dumanin antimikro-
biyal etkisi bir kez daha teyit edilmistir. Bitkisel kokenli
esansiyel yaglar arasinda antimikrobiyal etki bakimindan
iiziim ¢ekirdeginin de bu tip iirlinlerde rahatlikla ve giivenle
kullanilabilecegi arastirma sonucunda belirlenmistir.

Islenmis alabalik yumurtalarinin raf dmrii gida giivenligi yo-
niinden degerlendirmesi yapildiginda sivi duman uygulamasi
yapilan orneklerde calisma siiresi olan 70 giin i¢cinde kabul
edilebilir limit degerin agilmadigi, ikinci sirada 50 giinliik raf
omrii ile iziim cekirdegi yagi uygulamasinin geldigi, kekik
yag1 uygulanmis grubun ise 30 giinliik bir raf dmrii gdsterdigi
bulunmustur. Hicbir koruyucu uygulanmamis Kontrol grubu
orneklerinin ise 20 giinliik bir raf 6mriine sahip oldugu belir-
lenmis, limon ve keten yagi uygulamasinin islenmis alabalik
yumurtalarina kabul edilebilir aroma ve tat verme diginda bir
etkisi olmadig1 raf dmriine bu uygulamanin negatif etki gos-
terdigi tespit edilen 10 giinliik raf 6mrii ile gézlemlenmistir.

Caligma verilerine gore aroma ve tat olusumu yoniinden sivi
duman, kekik ve iiziim cekirdegi yaglar1 muamele edilmis
gruplarin rahatlikla tiikketime sunulabilecegi belirlenirken, raf
omrii konusunda ise igerdigi antimikrobiyal etkiler bakimin-
dan da sivi duman ilavesinin en etkili sonu¢ verdigi tespit
edilmistir. Ayn1 zamanda antimikrobiyal katki kullaniminda
dogal bilesenlerin tercih edilme egilimi islenmis alabalik yu-
murtalarinda s1vi duman uygulamas: iizerine daha derin ve
detayli caligmalarin yapilarak bu {iriin grubunun su {riinleri

tadir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar herhangi bir ¢ikar ¢atigmasinin olmadi-
gini1 beyan eder.

Etik kurul izni: Arastirma niteligi bakimindan etik izin gerektir-
memektedir.

Finansal destek: Bu ¢alisma Istanbul Universitesi Bilimsel Aras-
tirma Projeleri Yiriitiicii Sekreterliginin FYL-2016-20974 numa-
rali projesi ile desteklenmistir.

Tesekkiir: Bu ¢alismanin 6rneklerinin teminindeki katkilardan do-
lay1 Altindere Alabalik Uretim ve Pazarlama Sirketi’ ne tesekkiir
ederiz.

Aciklama: Bu ¢aligma “Islenmis alabalik yumurtalarinin raf 6m-
riine farkli katkr maddelerinin etkisi” basliklr yiiksek lisans tezinin
Ozetidir.
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ABSTRACT

The Laguna Ojo de Liebre (Scammon’s lagoon) is the iconic sanctuary of the Pacific gray whale
and belongs to the El Vizcaino Biosphere Reserve in Baja California, México. From June 2015 to
August 2016, six seasonal visits were conducted on the ichthyofauna in seven sites of the lagoon.
By diving, trapping, hook & line, and gillnet commercial fishing, a total number of 39 fish species
was identified belonging to 25 families. In this study a total number of eight fish species is added
to the first two existing 20-year-old lists: the Gymnothorax mordax (Ayres, 1859), Apogon sp.
Pomacanthus zonipectus (Gill, 1862), Balistes polylepis (Steindachner, 1876), Pareques viola
(Gilbert 1898), Caranx sp., Sphoeroides lobatus (Steindachner, 1870), and the Icelinus sp. During
2015-2016, two anomalous events warmed the lagoon, and possibly, it contributed to the fish spe-
cies movement from the adjacent tropical or subtropical zones. Ichthyofauna from Laguna Ojo de
Liebre is reported here before the installation of reef modules as a refuge for red lobster and fish
aggregation.

Keywords: Species occurrence, Scammon’s lagoon, The Blob, El Nifio, Warming conditions
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Introduction

Laguna Ojo de Liebre (Scammon’s lagoon) with 57,100 hec-
tares is a coastal lagoon on the Pacific of Baja California Sur
(Mexico) and considered of great importance for conserva-
tion since it serves as refuge, feeding and breeding area for
fish species (Acevedo-Cervantes, 1997). As a sanctuary for
the gray whale, the lagoon has been declared a World Herit-
age Site by UNESCO as part of the Man and Biosphere pro-
gram (De la Cruz-Agiiero, Gémez, and Arellano-Martinez,
1996). Such protected areas are scarce in the Pacific of Baja
California and, therefore, essential as a nursery for commer-
cial fish species or of ecological interest due to sparsely pop-
ulated areas with low development pressure (Rosales-Casian,
1997). This lagoon is of particular interest as a local cooper-
ative of Guerrero Negro, B.C.S. (Mexico) will install artifi-
cial reefs made with concrete (1.5m long, 1.15m wide, and
0.25 m high) as a refuge for lobster and fish for commercial
capture.

Several studies have been carried out in Laguna Ojo de Liebre
to characterize longshore sediments transport (Marinone,
1982; Zamora-Salvador, 2015), environmental conditions
(Alvarado et al., 1986; Alvarez-Borrego and Granados-Guz-
man, 1992; Gutiérrez de Velasco, 2000; Rodriguez-Padilla,
2013), commercial bivalves (Arellano-Martinez et al., 2004;
Hernandez-Olalde et al., 2007; Quifiones-Arreola, 2003), and
the green turtle population Chelonia mydas status (Hernan-
dez-Cruz, 2013). Despite it is importance as a refuge and
feeding area for different organisms, there are few studies on
the fish species that live there. De la Cruz-Agiiero, Gémez,
and Arellano-Martinez (1996) published a first systematic list
of fish species from Ojo de Liebre and Guerrero Negro la-
goons, and Acevedo-Cervantes (1997) characterized the
community of Laguna Ojo de Liebre, concluding that it is a
low diversity site compared to other lagoon systems in Mex-
ico, with small size specimens, and seasonally influenced by
the entry of species from the adjacent Sebastian Vizcaino Bay
to complete their life cycle.

Motivated by the planned artificial reef deployment by a local
cooperative of Laguna Ojo de Liebre, the present study aimed
to identify the fish species inhabitants at sites considered suit-
able for artificial reef enhancement, for future comparisons
of the fish community after installation.

Material and Methods

Study Area

Laguna Ojo de Liebre is located at the Pacific half of Baja
California peninsula, close to the town of Guerrero Negro,
Baja California Sur, Mexico (Figure 1), between 27° 36 'and
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27°55' North latitude and 113° 55 'and 114° 19' West latitude.
It is part of the Ojo de Liebre lagoon complex comprised of
Laguna Manuela (north), Laguna Guerrero Negro (middle),
and to the south the Laguna Ojo de Liebre (Eberhardt, 1966).
The lagoon area is 480 km?, 40 km length, and a mean of 6
km width. It is connected to the Sebastian Vizcaino Bay
through a 3.7 km wide of mouth and has four main islands in
its interior: Conchas, Brosas, Piedras, and Choya. The lagoon
topography is shallow (average 5-6 meters depth) and in-
cludes a relatively deep channel (up to 30 m maximum depth)
surrounded by intertidal flats (Rodriguez-Padilla, 2013).

Tide is an important component in the Laguna Ojo de Liebre
dynamics, with an interval from 1.20 to 2.70 m, and predom-
inant currents up to 1.18 m/s (Gutiérrez de Velasco, 2000).
Maximum tidal speeds are reached during rising and falling,
weaker in the ridges and valleys, and most intense and turbu-
lent currents appear at mouth and channels (Zamora-Salva-
dor, 2015).

The present study was carried out in a section with an influ-
ence of seawater from the adjacent Sebastian Vizcaino Bay
during high tide (Rodriguez-Padilla, 2013). Seven sites were
chosen after the fishermen experience as the best sites for
catching lobster and fish, and therefore feasible in depth for
the artificial reefs deployment (Table 1), and all the work car-
ried out was fully supported by the staff of the Cooperative
"Luis Gémez Z." of Guerrero Negro, B.C.S. (Mexico).

Ojo de Liebre lagoon Fish Collections and observations

The fish survey began in June 2015 (spring), followed by
September (summer) and November (autumn) 2015, and Feb-
ruary (winter), May (spring), and August (summer) 2016, for
a total of six seasonal visits. We consider winter from January
to March, spring (April-June), summer (July-September) and
autumn (October-December).

Trap collections: Because the lagoon is a marine reserve,
two fish monitoring methods were selected to avoid disturb-
ing the bottom; we used commercial traps and underwater
diving visual census during two days. The traps were built by
the fishermen with pieces of wire mesh covered with a plastic
layer, dimensions 88 cm wide, 122 cm long, and 43 c¢m high,
with an entrance 30 cm in diameter and a 7 cm mesh. The
traps were prepared with buoys, ropes, and sardines as bait.
A total of six sites within the lagoon were selected for fish
collections with traps because they are usually fishing spots
with the possibility of improvement with artificial reefs: El
Borbollén, El Conchalito, La Ventana, Isla Concha, El Es-
terito, and Carros Viejos (Figure 1).
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Table 1. Monitoring sites and coordinates in the Laguna Ojo de Liebre, BCS, Mexico, 2015-2016.

Sampling sites North latitude West longitude Survey Substrate
El Borbollon 27°51°28.14” 114°142.40”  Diving/ Traps Rocky /
Sandy
El Conchalito 27°47°1.14” 114°16°28.68”  Diving/ Traps  Limestone
La Ventana 27°47°18.04” 114°18°11.40”  Diving/ Traps  Limestone
La Ventanita 27°46°48.18” 114°17°7.62” Diving Sandy
Isla Concha 27°49°15.70” 114°13°54.40” Traps Shell / Sandy
Carros Viejos 27°50°26.80” 114°16°59.80” Traps Sandy
El Esterito 27°48°24.10” 114°17°49.50” Traps Sandy
—
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Figure 1. Localization of the Laguna Ojo de Liebre, BCS, Mexico, and sampling sites.
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For the seasonal catch of fish, four traps as repetitions were
launched separated by 50-100 m in each selected site, and re-
mained at the bottom during 45 minutes following the local
fishermen's technique (30 to 60 minutes); their total length
(TL, mm) of captured fish was measured, intervals for each
fish species are reported here.

Diving observations: Because diving is limited in time by
the tidal current, four sites were selected: El Borbollon, El
Conchalito, La Ventana, and a new site La Ventanita. We se-
lect the neap low tide from the monitoring day to avoid strong
tidal currents. In each visited site, three diving transects in
parallel of 30 m long, 2 m wide, 2 m high, and separated by
5 m between transects were made (Freiwald et al., 2015).
Each transect was performed in a maximum time of seven
minutes. One diver identified the fish species, determined the
fish counts of each species and logged the approximate size.
A second diver photographed the fish species. A third diver
photographed the lagoon bottom and invertebrates. Trap col-
lections and underwater diving census were carried out on
boats separately in order to not interfere.

During our lagoon visits and the periods between the trap
catches, fishing with hook-and-line was done, and also fish
from commercial catches with gillnets also were identified,
and added to the list without their lengths.

Fish species identification: All the species were identified
using the keys for the Pacific of Baja California, Mexico, and
California, USA (Miller and Lea, 1972), and for warm fish
species, the work of Humann and Deloach (2004) was
used. Arrangement of the classes, orders, and families fol-
lows the work of Nelson (2006) and Fricke et al., (2021). The
biogeographic affinities of the fish species are presented ac-
cording to Horn, Allen, and Lea (2006).

Results and Discussion

During the sampling period in Laguna Ojo de Liebre (June
2015 to August 2016), a total of 138 traps launches was made,
for a total capture time of 138 hours trap and 48 minutes. Re-
garding the underwater visual census, a total of 72 transects
was made for 360 minutes of diving.

The taxonomic list in Laguna Ojo de Liebre included a total
number of 39 fish species belonging to 25 families. Under-
water visual census showed 28 fish species, and traps showed
13 fish species, with nine common species in both methods
(Table 2). Hook-and-line captured seven of the fish species.
From a total of 21 species identified in the commercial catch,
six species were not found with traps and diving (Table 2). A
total of 31 species were teleost, and eight were elasmobranchs
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(Table 2). A total of 2,724 fish was counted, 893 individuals
in the trap collections, and 1,179 individuals observed during
diving. In the first ichthyofaunal list of Laguna Ojo de Liebre,
De la Cruz Agiiero et al., (1996) identified 59 species from
36 families, however they included the adjacent Guerrero Ne-
gro Lagoon without discriminating the fish species from each
lagoon, and used five collection gears with hook-and-line as
the only coincident with the present study. In the second
study by Acevedo-Cervantes (1997) he also identified 59 fish
species and none of the three collecting gears used coincided
with those of the present study; a species not included in the
first study and mentioned in the second was the kelp bass
Paralabrax clathratus, while in the present study this species
was collected frequently in traps and observed in diving.

In the present study, families that contributed with the largest
number of individuals were Sparidae with 1,227 individuals
(one species), Serranidae with 1,165 individuals (three spe-
cies), and Labridae with 153 individuals (two species). Most
abundant fish species were the Pacific porgy, Calamus bra-
chysomus (Lockington, 1880) with 1,227 individuals
(45.1%), the barred sand bass, Paralabrax nebulifer (Girard,
1854) with 768 individuals (28.2%), the spotted sand bass,
Paralabrax maculatofasciatus (Steindachner, 1868) with 302
individuals (11.1%,) the rock wrasse, Halichoeres semicinc-
tus (Ayres, 1859) with 142 individuals (5.2%), and the kelp
bass, Paralabrax clathratus (Girard, 1854) with 95 individu-
als (3.5%), which together contributed 93% of the total abun-
dance (Table 2).

Elasmobranchs Hypanus dipterurus (Jordan & Gilbert, 1880)
(130 cm TL) and Zapteryx exasperata (Jordan & Gilbert,
1880) (100cm TL) were the bigger fish, while larger teleost
was the California moray Gymnothorax mordax (Ayres,
1859) (98cm TL), the kelp bass P. clathratus (65cm TL), and
the broomtail grouper Mycteroperca xenarcha Jordan, 1888
with 60cm TL (Table 2). Small fish were the California killi-
fish Fundulus parvipinnis Girard, 1854, the spotted sand
bass P. maculatofasciatus, the barred sand bass P. nebu-
lifer (all 4cm TL), and the cardenalfish Apogon sp., the rock
wrasse H. semicinctus, and the bullseye puffer Sphoeroides
annulatus (Jenyns, 1842) with Scm TL (Table 2).

One fish species showed a cold affinity to the Aleutian Prov-
ince, seven species with northern distribution to the Oregon
Province, 26 species show affinity to the Province of San Di-
ego (68.4%), and three to the Cortez Province. The major per-
centage (86.8%), comprising 32 species, that extends south to
the Provinces of Cortez, Mexican province, or to Panamian
Province. (Table 2).
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Table 2. Fish species from Laguna Ojo de Liebre, BCS, Mexico, 2015-2016; lengths (cm); H&L: hook and line; CF: com-
mercial fishing; BA: Biogeographic affinity. Distribution by provinces after Horn et al. (2006): AP: Aleutian prov-
ince; OR: Oregonian province; SD: San Diego province; Cortez province; MX: Mexican province; PP: Panamian

province.
Class/Order Family Fish species Number Dive Trap Size (cm) H&L. CF BA
Chondrichthyes
Heterondontiformes Heterodontidae Heterodontus francisci (Girard, 1855) 11 X X 30-80 X OR-CZ
Torpediniformes ~ Narcinidae Narcine entemedor Jordan and Starks, 1895 1 X 75 SD-PP
Rhinopristiformes ~ Rhinobatidae ~ Pseudobatos leucorhynchus (Giinther, 1867) 4 X 70-76 CZ-pPp
Rajiformes Pseudobatos productus (Ayres, 1854) 2 X 60-70 X SD-MX
Zapteryx exasperata (Jordan & Gilbert, 1880) 2 X 100 X SD-MX
Myliobatiformes Urotrygonidae  Urobatis halleri (Cooper, 1863) 13 X X 20-30 SD-PP
Urobatis maculatus Garman, 1913 2 X 40 SD-CZ
Dasyatidae Hypanus dipterurus (Jordan & Gilbert, 1880) 2 X 130 SD-PP
Osteichthyes
Anguilliformes Muraenidae Gymnothorax mordax (Ayres, 1859) 1 X 98 SD
Cyprinodontiformes Fundulidae Fundulus parvipinnis Girard, 1854 29 X 4-6 SD
Gasterosteiformes ~ Syngnathidae ~ Hippocampus ingens Girard, 1858 4 X 15-20 SD-PP
Scorpaeniformes  Scorpaenidaec  Scorpaena guttata Girard, 1854 X X SD-CZ
Cottidae Icelinus sp. 1 X 10
Perciformes Epinephelidae ~ Mycteroperca xenarcha Jordan, 1888 2 X 60 X X SD-PP
Serranidae Paralabrax clathratus (Girard, 1854) 95 X X 10-65 X X OR-SD
Paralabrax maculatofasciatus (Steindachner, 1868) 302 X X 4-42 X X OR-Cz
Paralabrax nebulifer (Girard, 1854) 768 X X 4-53 X X OR-MX
Apogonidae Apogon sp. 10 X 5-7 SD
Carangidae Caranx sp. 1 X 70 SD-PP
Caranx caninus Giinther, 1867 X SD-PP
Haemulidae Anisotremus davidsonii (Steindachner, 1875) 40 X X 20-33 X SD-CZ
Sparidae Calamus brachysomus (Lockington, 1880) 1227 X X 9-47 X X SD-pP
Sciaenidae Atractoscion nobilis (Ayres, 1860) 1 X 74 X AP-CZ
Cynoscion parvipinnis Ayres, 1861 X SD-CZ
Cynoscion xanthulus Jordan & Gibbert, 1882 X CZ-MX
Menticirrhus undulatus (Girard, 1854) X SD-PP
Pareques viola (Gilbert, 1898) 8 X 5-8 SD-PP
Roncador stearnsii (Steindachner, 1875) X SD
Umbrina roncador Jordan and Gilbert, 1882 X SD-CZ
Pomacanthidae  Pomacanthus zonipectus (Gill, 1862) 1 X 25 Cz
Pomacentridae  Hypsypops rubicundus (Girard, 1854) 2 X 25 SD-CZ
Labridae Halichoeres semicinctus (Ayres, 1859) 142 X 5-26 SD-CZ
Semicossyphus pulcher (Ayres, 1854) 11 X 33-48 X OR-CZ
Blenniidae Hypsoblennius gentilis (Girard, 1854) 1 X 7 SD-CZ
Pleuronectiformes ~ Paralichthyidae  Paralichthys californicus (Ayres, 1859) 1 X 11 X OR-SD
Pleuronectidae  Pleuronichthys guttulatus (Girard, 1856) 1 X 10 X OR-CZ
Tetraodontiformes  Balistidae Balistes polylepis Steindachner, 1876 4 X 2431 X SD-CZ
Tetraodontidae  Sphoeroides annulatus (Jenyns, 1842) 31 X X 5-38 SD-PP
Sphoeroides lobatus (Steindachner, 1870) 4 X X 6-34 SD-PP
Total 2724
Laguna Ojo de Liebre is influenced by tidal currents and oce- and subtropical taxa that contributed to the highest abundance
anic events such as El Nifio/La Nifia (Gutierrez de Velasco, of fish larvae (Jimenez-Rosenberg et al., 2007).

2000). During our monitoring in 2015-2016, the tidal currents
limited the time of the diving census, and the selected neap
lowest tides allowed only one hour for the transects. This la-
goon is adjacent to Vizcaino Bay which has been considered
a center of fish larvae production (Moser ef al., 1993), and
during EI Nifio events there was a high proportion of tropical

The lagoon was influenced by the warm water "The Blob"
formed in the Gulf of Alaska in 2013 that extended south to
2016, and El Nifio 2015-2016 (Dorantes-Gilardi and Rivas,
2019). The El Niflo was intense with anomalies of more than
2°C for the Eastern Pacific at Northern Hemisphere, began in
January 2015 up to winter 2016 to weaken at Spring and to
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finish in June (NOAA’s El Niflo, available at http://www.eln-
ino.noaa.gov/, last accessed 10 August, 2019).

The fish monitoring was focused on potential sites for the de-
ployment of artificial reefs, and this may explain the lesser
number of registered fish species compared to other studies
which monitored a larger area of the lagoon identifying a total
number of 59 fish species (De la Cruz-Agiiero, Gémez, and
Arellano-Martinez, 1996). Notably, in the present study, a to-
tal of eight new species are added to the two systematic lists
of fish species in the Laguna Ojo de Liebre: The California
moray (G. mordax), the sculpin (Icelinus sp.), the cardenal-
fish (4pogon sp.), the jack (Caranx sp.), the gungo highhat
(Pareques viola), the Cortez angelfish (Pomacanthus
zonipectus), the finescale triggerfish (Balistes polylepis), and
the longnose puffer (Sphoeroides lobatus). In the present
study, of the eight added fish species, six were identified by
diving, and two collected with traps: the California moray,
and the finescale triggerfish.

The species-specific zoogeographic affinities in the present
study were grouped into five zoogeographic provinces: Aleu-
tian, Oregonian, San Diego, Cortez, Mexican and Panamian
(Horn, Allen, and Lea, 2006); species considered from tem-
perate zones are represented by those distributed in the prov-
ince of San Diego and in this study made up 68.4%; those
from cold environments (Oregonian and Aleutian provinces)
accumulated 23.7%, while three species (7.9%) presented
subtropical and tropical affinity, only. However, of the total
species, 86.8% have a southern distribution corresponding to
the subtropical and tropical environment, from the provinces
of Cortez, Mexican to Panamian. Those species affinities can
be attributed to the southern boundary of the Southern Cali-
fornia Current and the transition to the subtropical province
at the latitude (27°5°43” N, 115°08°15” W) of Punta Eugenia
(Hubbs, 1960, Jiménez-Rosenberg et al., 2007). The presence
of a warming events that began at end of 2013 and finished
in 2016 (Dorantes and Rivas, 2019; Robinson, 2016) may
have caused movements of fish from the tropical or subtrop-
ical zone to the Laguna Ojo de Liebre, like the Cortez Angel-
fish, the gungo highhat, and the jack which contributed to the
increased list of fish species.

Although the artificial reef modules will be built and depos-
ited in the bottoms of the Ojo de Liebre lagoon as a refuge for
red lobster, they present an excellent opportunity to study for
the fish aggregation that take refuge in the structures.

Conclusion

This new study on the ichthyofauna of Laguna Ojo de Liebre
identified 39 fish species, with eight new species that are
added to the first lists of fish in the lagoon. Combining of
traps and mainly diving was essential to identify the new spe-
cies, also as non-destructive methods it avoided the alteration
of the lagoon bottom. The presence of two warming events
(The Blob and El Nifio) during the 2015-2016 study possibly
promoted the movement of subtropical or tropical species to
the North. This work will be compared with the next survey
on the possible changes when a local cooperative installs the
artificial reef modules in the lagoon.
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ABSTRACT

Fish are continuously exposed to multiple environmental stressors that work cumulatively and
synergistically. This study assessed the stress responses of Indian major carps (IMCs) cultured in
a sewage-fed pond (SP) in the East Kolkata Wetland (EKW), India and compared with the normal
carps in situ. The experiment was conducted in two farms that cultured Labeo rohita, Catla catla
and Cirrhinus mrigala for seven months, covering the summer and winter periods. Serum bi-
omarkers of primary (cortisol) and secondary (glucose, total protein, creatinine, alanine ami-
notransferase (ALT), aspartate aminotransferase (AST) and lactate dehydrogenase (LDH)) stress
responses, and oxidative stress (superoxide dismutase (SOD)) were quantified using standard kits.
The health status of carps was evaluated as a tertiary response. The biological oxygen demand,
hardness, total dissolved solids, ammonia and phosphate levels of both ponds exhibited marked
variations. The SP carps had significantly low haemoglobin and total protein, and high serum glu-
cose, creatinine, ALT, AST and LDH levels. The SOD and cortisol levels were comparatively low
in SP carps. The winter temperature had a significant effect on serum glucose, cortisol, SOD, cre-
atinine, ALT and AST. Carps had a high degree of ectoparasitic infestation during the winter.
Cirrhinus mrigala of the SP had significantly high serum creatinine levels. The increasing levels
of serum glucose, creatinine, ALT and AST suggested that these indices, which were more pro-
nounced in the carps of EKW in conjunction with winter temperature, could be useful biomarkers
of stress, kidney and liver functioning in carps, respectively.

Keywords: Indian major carps, Fish health, Serum biomarkers, Oxidative stress, Ectoparasites
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Introduction

Carp culture is the backbone of Indian aquaculture, which has
evolved from the level of traditionally backyard activity to
viable commercial farming practice. Application of sewage
and other wastes in carp culture to augment fish production is
in vogue in India since the 1930s (Bhowmik, 2011). Though
the Indian major carps (IMCs) are the principal species cul-
tured in the system, other fish groups such as exotic carps,
minor carps, tilapia, etc. are also being cultured along with
them (Abraham et al.,, 2010; 2020). Under farm conditions,
the inappropriate water quality, inadequate or high stocking
density, feed and unscientific management practices that
quantitatively or qualitatively not suitable, cause physiologi-
cal variations. Long-term exposure to these stressors can neg-
atively affect fish growth, health and ultimately productivity
(Reli¢ et al., 2010). Among the various stressors, water qual-
ity parameters are one of the most influencing ones in fish
welfare assessment including fish health, behaviour and
productivity (Boyd, 1979; Banerjee et al., 2015). The effects
that multiple stressors exhibit on organisms can be synergis-
tic or antagonistic (Petitjean et al., 2019).

The city of Kolkata, India diverts about 60—70% of its sewage
to the East Kolkata Wetlands (EKW). The EKW, a Ram-
sar site, sustains the world's largest and perhaps oldest inte-
grated resource recovery practice based on a combination of
agriculture and aquaculture. It provides livelihood support to
a large, economically underprivileged population of around
20,000 families, which depend upon the various wetland
products, primarily fish and vegetables for sustenance. The
wetlands consist of about 264 sewage-fed fisheries that cover
about 12,500 ha (EKWMA, 2010). This massive biological
cleaning system is highly productive, and carp aquaculture is
quite popular. A considerable amount of fish consumed in
Kolkata is produced from this system (SWRE, 2007,
Bhowmik, 2011; Banerjee et al., 2015). Fish living in the
wastewater-fed ponds are constantly being exposed to vary-
ing levels of physicochemical parameters, which may disturb
the normal physiological functions of fish leading to stress
and infection (Banerjee et al., 2017). The exposure of fish to
various biotic and abiotic agents may induce haematological
changes. The haematological and biochemical parameters,
although highly variable, can provide prognostic information,
depending on the fish species, age, the cycle of sexual ma-
turity and health condition (Bernet et al., 2000, 2001, Rey-
Viézquez and Guerrero, 2007). Organ alterations, water qual-
ity induced changes in blood chemistry, increased prevalence
of infectious diseases, temperature fluctuations and evidence
for endocrine disrupting substances were all found to be in-
dicative of an environmentally influenced health condition
(Wahli, 2002).
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The most comprehensive and effective assessments of fish
health are achieved if both (i) short- and long-duration re-
sponses, (ii) slow- and fast responding and (iii) contaminant-
specific and unspecific biomarkers are conjointly included in
environments subjected to complex contaminants, which act
synergistically or cumulatively (Sopinka et al., 2016;
Petitjean et al., 2019). The alterations in biochemical (glu-
cose, cortisol and protein), enzymological (aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), lactate
dehydrogenase (LDH), superoxide dismutase (SOD)) and
other biomarkers are widely used to assess the toxic stress,
pollution level, immune status and tissue damage (Kavitha et
al., 2010; Chitra-Pakira et al., 2015). There are reports on the
carp culture in the sewage-fed ponds (Abraham et al., 2010),
accumulation of heavy metals and toxicants in water, sedi-
ment and fish (SWRE, 2007; Chatterjee et al., 2010; Sarkar
et al., 2011) and increasing incidence of infectious diseases
of fish from such systems (Banerjee et al., 2015, 2017). Nev-
ertheless, in situ studies related to serum biomarkers of fish
from such an ecosystem are lacking. The present study as-
sessed the primary, secondary and tertiary stress responses of
Indian major carps (IMCs) namely Labeo rohita (Hamiton,
1822), Catla catla (Hamilton, 1822) and Cirrhinus mrigala
(Hamiton, 1822) cultured in the EKW that received sewage
and compared with the normal carps in sifu.

Material and Methods

Site Description and Experimental Design

The present experiment was carried out in two fish ponds of
varied culture conditions. The experiment was conducted in
a 2 (farms) x 3 (species) x 2 (seasons) factorial design with
two replications in each pond from December to June. The
normal pond (NP) of size 0.33 ha was taken from a rain-fed
farm situated at the Faculty of Fishery Sciences, Chakgaria,
Kolkata (Lat. 22° 82’N; Long. 88° 20’E). The sewage-fed
pond (SP) of size 18.67 ha was from the EKW situated at
Haripota, Bamanghata, South 24 Parganas district, West Ben-
gal, India (Lat. 22° 29’N; Long. 88°29’E). Six nylon net-
cages (2.43 m x 1.37 m x 1.37 m) were erected in each pond
with the support of bamboo poles. Individual net-cage, a
fixed and fine-meshed nylon net enclosure, was fixed in such
a way that one-third portion of the net-cage remained above
the water surface to allow the surfacing of fish. The healthy
and active IMCs, viz., C. catla (22.03£0.91 cm and
150.61£16.38 ), L. rohita (19.73+1.46 cm and 101.40+16.60
g) and C. mrigala (22.46+1.03 cm and 121.64+24.82 g) were
stocked in each net-cage with 6 individuals of each species in
the ratio 1:1:1, i.e., 18 fish/net-cage. The experimental fish
were procured from Gangajoara, South 24 Parganas district,
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about five kilometres from the experimental site and accli-
mated for ten days in fibreglass reinforced plastic (500-L ca-
pacity) tanks containing 400-L chlorine-free tap water. They
were then transferred to experimental net cages and condi-
tioned for 15 days. An additional net cage was also main-
tained with few individuals of each species in both the ponds
for an emergency requirement, if any, during the condition-
ing. The fish were fed with commercial pellet feed containing
30% protein, 10% fat, 9% moisture, 32% carbohydrate and
9.5% ash at 3% of the bodyweight twice daily.

Analysis of Water Quality Parameters

The temperature of the pond water was recorded by a centi-
grade thermometer at the time of sampling usually between
8.00 and 9.00 am. The pH of water samples was estimated by
pH meter (Eutech Instruments Pte Ltd). Total dissolved solids
(TDS) were measured by TDS meter (HiMedia, India) and
expressed as mg/L. The water quality parameters such as total
hardness, dissolved oxygen (DO), free carbon dioxide (CO»),
biological oxygen demand (BOD), phosphate-phosphorous
and ammonia-nitrogen were measured fortnightly following
the standard methods (APHA/AWWA/WEF 2005).

Collection of Fish Blood and Serum

For blood collection, the fish (n=6) from each net-cage were
randomly sampled during the winter (December—February)
and summer (March—June) months, transferred to plastic con-
tainers of 100-L capacity containing water of the same tem-
perature with added clove oil (30 uL/L) to reduce the activity
of fish. The experimental fish were starved for 24 h before
the blood collection to minimize the physiological stress dur-
ing sampling. The blood was drawn using a 2 mL sterile dis-
posable plastic syringe by the caudal venous puncture. For
serum collection, the blood (min: 0.5 mL and max: 1.5
mL/fish) was collected from six individual fish of each repli-
cate for each species of the NP and SP. The blood was al-
lowed to clot overnight at 4°C by keeping the syringes at a
15° angle. Serum from the syringes was then carefully poured
out into Eppendorf tubes and centrifuged in a microfuge at
2500 x g for 10 min. The serum samples of six fish from each
of'the replicate were pooled separately (>1.0 mL serum/tube),
labelled and stored at -20°C until use. Simultaneously, a por-
tion of the blood sample from each species was transferred to
1.5 mL Eppendorf tubes rinsed with an anticoagulant (triso-
dium citrate, 3.8% w/v) to prevent clotting. It was used for
the estimation of haemoglobin by the acid-haematin method
using Sahli’s haemoglobinometer (Wintrobe, 1975) as a sec-
ondary stress response.

Serum Biomarkers as Stress Responses

The details on the analysis of various serum biomarkers such
as glucose, cortisol, total protein, creatinine, alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), lac-
tate dehydrogenase (LDH) and superoxide dismutase (SOD)
are summarized in Table 1. The serum cortisol, as a primary
stress response, was determined by using an ELISA based
cortisol test kit (AccuBind Elisa Microwells, Cortisol test
system, Monobind Inc, Lake Forest, USA). As secondary
stress responses, parameters such as serum glucose, total pro-
tein, creatinine, ALT, AST, and LDH were determined by us-
ing standard kits in a Photometer (Model: 5010 v5+, Robert
Riele KG, Berlin). The SOD levels as an indicator of oxida-
tive stress were determined by using the SOD assay kit (Cay-
man Chemical, USA). All kits were used as per the manufac-
turer's protocol.

Assessment of Fish Health

The health status of experimental fish was evaluated as a ter-
tiary response. On the day of routine monthly sampling or
harvesting time during the winter and summer seasons, live
IMCs from the SP (n=327) and NP (n=225) were also as-
sessed for the frequency of ectoparasitic infection due to Ler-
naea, Argulus, myxosporeans and skin and gill flukes
(Banerjee et al., 2015). The gills from each carp were re-
moved with the least damage and placed for examination in
separate Petri dishes containing filtered water. The gills were
examined under a microscope for the presence of gill flukes
or various types of plasmodia for myxosporean infection.
Likewise, the skin scrapings from the caudal peduncle or tail,
under the chin and behind the fins were placed on the slide
and microscopically examined. The presence of cutaneous
haemorrhages on each of the sampled fish was also noted vis-
ually. The parasitic frequency index (PFI) in percentage was
calculated by taking the number of carps infected with at least
one of the individual ectoparasites, against the total number
of carps examined. The severity of infection was determined
using the following scale: 0 = no signs of ectoparasites, 0.5 =
a very few scattered signs of ectoparasitic infection; 1 = low
ectoparasitic infection; 2 = low to moderate ectoparasitic in-
fection, 3 = moderate ectoparasitic infection, 4 = severe ecto-
parasitic infection (Banerjee et al., 2015).
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Table 1. Kits and methods followed for the analysis of fish

serum biomarkers

Parameters Kits used and methods followed

Alanine ami- Modified UV (IFCC) and kinetic assay

notransferase methods, DiaSys Diagnostics Systems,

(ALT)* GmbH, Germany

Aspartate ami- Modified UV (IFCC) and kinetic ~ assay

notransferase methods, DiaSys Diagnostics Systems,

(AST)* GmbH, Germany

Cortisol** AccuBind Elisa Microwells, Cortisol test
system, Monobind Inc, Lake Forest,
USA

Creatinine* Modified Jaffe’s reaction, Initial rate as-
say method, DiaSys Diagnostics Systems,
GmbH, Germany

Glucose* GOD-FS method, DiaSys Diagnostics
Systems, GmbH, Germany

Lactate dehydro- Modified IFCC method, DiaSys  Diag-

genase (LDH)*
Superoxide dis-
mutase (SOD)**
Total protein*

nostics Systems, GmbH, Germany
Elisa Microwells, SOD test system, Cay-
man Chemical, USA

Biuret method, DiaSys Diagnostics Sys-

tems, GmbH, Germany
*: Analysed using Photometer 5010 v5+, Robert Riele -KG, Berlin.
**: Analysed using Microplate Reader, HaloMPR-96, Dynamica, Australia

Statistical Analyses

A 2 x 3 x 2 three-way analysis of variance (ANOVA) was
performed by R statistical software version 3.4.1 to assess the
effect of three factors namely ponds, species and seasons, and
their interaction followed by Duncan’s new multiple range
test (DMRT). Data on PFI and cutaneous haemorrhages were

analyzed by two-way ANOVA and DMRT. Student ‘t' test
was used to find out the significance of the difference be-
tween the water quality parameters of normal and sewage fed
ponds in the Microsoft Excel package.

Results and Discussion
Water Quality Parameters

From the farm records, the minimum and maximum water
temperatures during the study period were noted as 8 and
32°C, respectively with a mean of 12.70 +2.10°C in winter
and 28.20 £2.70°C in summer. The results of the physico-
chemical parameters of the SP and NP water samples are pre-
sented in Table 2. The water quality parameters such as pH,
temperature, DO and free CO; did not vary much between the
normal and sewage-fed ponds. Although the level of free CO;
was high in the SP, the differences were insignificant
(p>0.05). On the other hand, the levels of total hardness, total
dissolved solids and phosphate-phosphorous of the NP and
SP exhibited significant differences (p>0.05). The differ-
ences between the BOD as well as ammonia-nitrogen of the
two systems were significant only at p<(.09.

Primary Stress Response

The IMCs of SP recorded mean serum cortisol levels of 50.43
+6.00 pg/dL; while those of NP had 51.70 +3.23 pg/dL dur-
ing the study period. There existed insignificant differences
in the serum cortisol levels among the carps and ponds
(p>0.05). The mean serum cortisol levels of the carps were
significantly higher in winter (52.49 +3.43 pg/dL) than in
summer (49.65 £5.60 pg/dL). The mean serum cortisol levels
of C. mrigala were insignificantly higher (p>0.05) than L.
rohita and C. catla (Table 3).

Table 2. Ranges (meantstandard deviation (SD)) of physicochemical parameters of sewage-fed and normal fish

pond waters

Water parameters

Normal pond: Range (Mean +SD)

Sewage-fed pond: Range (Mean +SD)

pH 7.20-7.90 (7.57 £0.18)
Temperature (°C)

Dissolved oxygen (mg/L)

Free carbon dioxide (mg/L)

Total hardness (mg/ L)

Total dissolved solids (mg/L)
Biological oxygen demand (mg/L)
Phosphate-phosphorous (mg/L)
Ammonia-nitrogen (mg/L)

4.00-8.80 (7.69 +1.31)
0.00-16.00 (8.08 +6.75)

4.00-7.20 (5.68 £0.97)°
0.03-0.24 (0.10 +£0.08)*
0.15-0.35 (0.25 +£0.06)"

13.00-32.00 (23.17 £3.27)

180.00-360.00 (294.63 +£55.81)*
296.00-604.00 (465.08 £107.89)*

7.20-7.80 (7.51 £0.18)
13.00-32.00 (22.54 +3.43)
6.00-8.54 (7.09 +0.68)
8.00-20.00 (13.27 £5.21)
140.00-300.00 (250.50 +£54.77)*
200.00-351.00 (264.58 £41.08)"
4.10-8.30 (6.95 +1.46)°
0.17-0.61 (0.35 0.17)*
0.30-0.93 (0.48 +0.20)°

Values are the average of 10 observations recorded during the study period. a: Values sharing common alphabets within the row for each of the parameters

differ significantly (p<0.05); b: Significant at p<0.09.
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Table 3. Mean values of blood and serum biomarkers of the cultured Indian major carps

Parameter Carps Ponds Seasons

Catla catla Labeo rohita Cirrhinus Sewage-fed Normal Summer Winter

mrigala

Cortisol (ng/dL) 49.55 +6.34! 51.23 +4.40! 52.43 £2.85! 51.70 £3.232 50.43 £6.00* 49.65 +£5.604 52.49 £3.43B
Haemoglobin (g/dL) 5.14 £0.83! 4.56 +0.832 5.47 £0.96! 5.31 +0.83 4.80 +£.99% 5.39 +£0.934 4.73 £0.848
Glucose (mg/dL) 48.61 £14.06'  48.94 £20.72'  46.75 £17.77" 39.12+12.28°  57.08 +£17.38° 41.85 £12.714  54.35+£19.428
Total protein (g/dL) 3.47 +£0.60! 3.62 +£1.01! 3.57 £0.74! 3.91 £0.802 3.20 +£0.59° 3.72 £0.76% 3.39 £0.794
Creatinine (mg/dL) 0.40 £0.08! 0.41 £0.06! 0.53 £0.242 0.40 +£0.072 0.48 £0.21° 0.38 £0.074 0.51+£0.218
Alanine aminotransferase 15.60 £8.19! 13.75 £7.93! 11.55 £5.94! 11.86 £6.95° 15.40 £7.69° 10.13 £2.664  17.13 £9.038
(IU/L)
Aspartate aminotransferase 84.35+33.59!  97.35+27.552  96.00 +£29.8412 80.83 £30.38%  104.30 +26.12° 75.31 £24.074  109.81
(TU/L) +26.378
Lactate dehydrogenase 68.12£10.18"  68.75+12.40!  76.60 +£13.267 71.35 £9.35° 70.96 £15.092 68.25£12.864 74.07 £11.51*
(U/L)
Superoxide dismutase 4941 £16.57"  49.15£7.91! 56.31 £16.20! 53.93 £10.64* 49.31£17.07* 47.51 £15.25%  55.73 £12.178
(U/mL)

a,b; 1,2; A,B: Parameters with uncommon alphabets ornumerals within the row for each of the parameters among the ponds, fish species and seasons differed significantly

(p<0.05). Values are the average of 10 observations recorded during the study period.

Secondary Stress Responses

The results of the biomarkers of secondary stress responses
are presented in Table 3. Catla catla, L. rohita and C. mrigala
recorded mean haemoglobin levels of 5.14 +0.83, 4.56 £0.83
and 5.47 +£0.96 g/dL, respectively. There existed significant
differences (p>0.05) in the mean haemoglobin levels among
the carps, seasons and ponds. The carps of the SP had signif-
icantly lower haemoglobin levels (p>0.05). The haemoglobin
levels of carps were significantly high in summer (p>0.05).
Among the carps, L. rohita had significantly lower (p>0.05)
haemoglobin levels. Serum glucose levels of C. catla, L. ro-
hita and C. mrigala were 48.61 +£14.06, 48.94 £20.72 and
46.75 £17.77 mg/dL. Significant differences existed in the
glucose levels among the seasons and ponds (p<0.05), but not
among the carps (p>0.05). The serum glucose levels of the
carps of the SP (57.08 £17.38 mg/dL) as well as the winter
season (54.35 +£19.42 mg/dL) were significantly higher
(p<0.05). The serum total protein levels of the IMCs were in
the range of 3.47 £0.60-3.67 £1.01 g/dL. The differences in
the total serum protein levels among the carps as well as sea-
sons were, however, insignificant (p>0.05). The carps of the
NP had significantly higher (p<0.05) serum total protein lev-
els. Labeo rohita recorded the highest mean serum total pro-
tein values. The serum creatinine values of IMCs ranged from
0.40 £0.08 mg/dL in C. catla to 0.53 £0.24 mg/dL in C.
mrigala. The carps of the SP (0.48 £0.21 mg/dL) and those
sampled during the winter (0.51 +£0.21 mg/dL) recorded sig-
nificantly higher creatinine levels (p<0.05). There existed
significant differences in the serum creatinine levels among
the carps, seasons and ponds (p<0.05). Cirrhinus mrigala
recorded significantly higher serum creatinine levels
(p<0.05). The serum ALT levels of the IMCs ranged from
11.55 £5.94 IU/L in C. mrigala to 15.60 +£8.19 IU/L in C.

catla. The carps of the SP (15.40 £7.69 mg/dL) and those
sampled during the winter (17.13 £9.03 mg/dL) recorded sig-
nificantly higher ALT levels (p<0.05). There existed signifi-
cant differences in the serum ALT levels among the seasons
and ponds (p<0.05), but not among the carps (p>0.05). The
IMCs C. catla, L. rohita and C. mrigala recorded the serum
AST levels of 84.35 £33.59, 97.35 +£27.55 and 96.00+29.84
IU/L, respectively. The serum AST levels of the carps of the
SP (104.30 £26.12 IU/L) as well as the winter season (109.81
+26.37 IU/L) were significantly higher (p<0.05). There ex-
isted significant differences in the serum AST levels among
the carps, seasons and ponds (p<0.05). Labeo rohita recorded
the highest mean serum AST levels. The mean serum LDH
levels of the IMCs ranged from 68.12+10.18 U/L in C. catla
to 76.60 £13.26 U/L in C. mrigala. Significant differences
existed in the serum LDH levels among the carps (p<0.05),
but not among the seasons and ponds (p>0.05). The carps of
the NP and those sampled during the winter recorded high
LDH levels, but the differences were insignificant (p>0.05).

Oxidative Stress

The serum SOD levels recorded in C. catla, L. rohita and C.
mrigala were 49.41£16.57, 49.15£7.91 and 56.31£16.20
U/mL, respectively (Table 3). The differences in the serum
SOD levels among the carps and ponds were insignificant
(p>0.05). Cirrhinus mrigala recorded the highest mean se-
rum SOD levels. The carps recorded significantly higher se-
rum SOD levels (55.73+12.17 U/mL) during the winter
(p<0.05).

Tertiary Stress Responses

The results of the PFI and incidence of cutaneous haemor-
rhages in IMCs are presented in Figures 1 and 2, respectively.
The PFI was more in L. rohita followed by C. catla and C.
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mrigala but the differences were insignificant (p>0.05). The
differences in the PFI among the ponds and seasons were,

winter (Figure 2; p<0.05). The severity of ectoparasitic infec-
tion was 0-2.0 in winter and 0-0.5 in summer in both the

however, significant (Figure 1; p<0.05). The frequency of in- ponds.
fection and incidence of cutaneous haemorrhages was signif-
icantly more in the carps of the SP particularly during the
100 -
80 -
£ 60 -
A 40
20 -
0
A 2
o*‘(\ @' ‘\\“\ \ﬂ\*\\ & S“\ '\%@
A\ \Q@"o & A o &
¥ oy & o
Y W
M
o)

Figure 1. Parasitic frequency index (PFI) in Indian major carps cultured in sewage-fed and
normal ponds. a,b: Bars sharing common alphabets differed significantly (p< 0.05).

The number of carps infected with at least one of the individual ectoparasites
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a,b,*: Bars sharing common alphabets or the asterisk (*) differed significantly (p< 0.05).

Figure 2. Indian major carps (IMCs) with cutaneous haemorrhages (in %) from the sewage-
fed and normal ponds.
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The treatment of Kolkata metropolitan liquid waste is done
by natural means through a network of canals in the peri-ur-
ban areas. This naturally treated wastewater is used for aqua-
culture in the EKW and the peri-urban areas without any fur-
ther treatment (SWRE, 2007; Chatterjee et al., 2010; Sarkar
et al., 2011; Banerjee et al., 2015). The untreated sewage
from the feeder canal of the SP area was reportedly had pH
7.01-7.40, BOD 61-84 mg/L, TDS 370-415 mg/L, phosphate
1.28-1.98 mg/L, ammonia 3.10-3.90 mg/L and nitrate 0.93-
3.90 mg/L (SWRE, 2007). The fish caught in these water
bodies were found to accumulate chromium, copper, lead and
other toxic elements in their flesh (Chatterjee et al., 2010;
Sarkar et al., 2011). It is widely acknowledged that the phys-
icochemical characteristics of the water influence the biolog-
ical and physiological functions of fish and unsuitable water
quality results in the activation of the stress responses (Bernet
et al., 2000, 2001). In the present study, the water quality pa-
rameters recorded in the NP were well within the optimum
range, except for the total hardness and BOD recommended
for carps (Boyd, 1979). On the other hand, the water quality
parameters of the SP fluctuated greatly and inconsistently,
though few of them had higher levels. The SP of the present
study also received untreated tannery waste, which possibly
led to poor water quality, mainly due to the increase in ionic
levels and organic pollution denoted by higher levels of BOD
(6.95£1.46 mg/L), ammonia-nitrogen (0.48+0.20 mg/L),
phosphate-phosphorous (0.35+0.17 mg/L) and free CO,
(13.27+5.21 mg/L). Compared to the levels recorded in the
sewage feeder canal (SWRE 2007), the water quality param-
eters of the SP were quite low by about 6-12 folds, possibly
due to the dilution of sewage in the pond environment. The
observed high ammonia, phosphate-phosphorous and BOD
levels in the water of the SP are an indication of eutrophic
condition, which further hampers the fish homeostasis as
multiple stressors.

In the present study, the carps of the SP had significantly
higher haemoglobin levels. The highest haemoglobin level
was observed in C. mrigala and the least in L. rohita. The
higher haemoglobin content in the carps of the SP might be
due to the increased demand for oxygen necessitated by the
use of untreated sewage in the pond with high BOD as well
as the use of tannery waste as feed. It infers that a small quan-
tity of DO was utilized by the carps in the presence of high
ammonia in the surrounding medium. Furthermore, signifi-
cant differences in the haemoglobin levels of carps during the
summer and winter seasons were noted, which corroborate
the earlier study (Pradhan et al., 2014). They recorded a
higher concentration of haemoglobin in L. rohita (8.50 g/dL)
in summer and the least (5.50 g/dL) in winter. Likewise,
higher haemoglobin levels were recorded in carps exposed to

chemical stressors (Prusty et al., 2011), possibly due to the
replacement of oxidized denatured haemoglobin by the toxic
elements and to supply more oxygen to oxygen-deficient tis-
sues (Nussey et al., 1995). The increase may also be at-
tributed to the catalyzing action of toxicants on the incorpo-
ration of body iron stores into haemoglobin or increased
erythropoiesis and haemoglobin synthesis (Prusty et al.,
2011).

It is well known that the responses of fish to stress are cumu-
lative. Under stressful conditions, the fish body release stress
hormones, viz., cortisol and catecholamines into the blood-
stream by the endocrine system as a primary response and
produce increased levels of glucose as a secondary response
(Martinez-Porchas et al., 2009; Sopinka et al., 2016). The re-
sults on the marked differences in the levels of serum cortisol
among the carps corroborate the earlier observations (Dutta
et al.,, 2005), who observed significant variations in the
plasma cortisol (90.0-377.0 ng/mL) in fish reared in a sew-
age-fed farm than those reared in a farm having optimum wa-
ter quality. Significant differences in the serum cortisol levels
of carps, particularly L. rohita of the SP, were recorded be-
tween the seasons. The carps during the low-temperature pe-
riod recorded significantly higher levels of serum cortisol,
which, more or less, corroborate the previous observations
(Das et al., 2009) made in carps with the increase in acclima-
tion temperature from the optimal (26°C) to 36°C. In contrast,
fish could display a “metabolic conservation” strategy with
no cortisol increase, when the dose, duration and/or the num-
ber of stressors is high (Petitjean et al., 2019). The suitability
of using circulating cortisol levels in the blood of chronically
stressed fish has, therefore, been questioned (van Weerd and
Komen, 1998). Our results on the serum cortisol suggested
that the carps were chronically stressed, which was more pro-
nounced during the winter season when grown in the SP. Be-
sides, our insignificant results on the serum cortisol levels as
stress biomarker of carp from the NP (51.70+3.23 pg/dL) and
SP (50.43+6.00 pg/dL) provided supportive evidence to ear-
lier reports (van Weerd and Komen, 1998). The results of the
present study and the past studies (Martinez-Porchas et al.,
2009; Petitjean et al., 2019) amply revealed that serum corti-
sol response would not be sufficient, but rather a less reliable
tool to examine the stress status of chronically stressed carps.

The present study recorded significantly high levels of serum
glucose in carps reared in the SP as well as winter season. The
levels of glucose may vary in ecologically distinct species
and are influenced by environmental and non-environmental
factors (Sopinka et al., 2016). The differences in the serum
glucose levels among the carps of the present study were in-
significant, though the IMCs occupy different ecological
niches of the pond. It has been reported that under stressful
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conditions the glucose production is mostly mediated by the
action of cortisol (Sopinka et al., 2016). Several earlier work-
ers also reported a rise in glucose levels of carps exposed to
various kinds of stressors such as ammonia (Das et al., 2004a)
and temperature (Das et al., 2009). Though there were differ-
ences in the glucose levels of carps between the ponds, the
differences in the cortisol levels of carps from these systems
were insignificant. These results indicated that there was no
correlation between serum glucose and cortisol levels in
chronically stressed carps exposed to sewage in EKW.

The levels of antioxidant enzymes including SOD have been
extensively used as an early warning indicator of aquatic pol-
lution (Birnie-Gauvin et al., 2017). SOD is the only antioxi-
dant that detoxifies superoxide, dismutating it to hydrogen
peroxide and oxygen (Kammer et al., 2011). The estimated
antioxidant activity of SOD in carp blood was in the range of
3.204+0.01-5.02+0.30 U/mL (Valon et al., 2013), which was
almost 12-18 times lower than the present study. The signifi-
cant increase in the SOD activity of carp blood particularly
during the winter season may be explained as a compensation
mechanism against the stress factors. According to Kammer
et al. (2011), the SOD activity may increase during low tem-
perature to offset the depressive effects on the catalytic rate
of the enzyme, rather than to defend against elevated levels
of reactive oxygen species (ROS) production. Several earlier
studies also reported elevated SOD activities in fish exposed
to low temperatures (Pavlovi¢ et al., 2013; Birnie-Gauvin et
al., 2017), possibly due to increased polyunsaturation of mi-
tochondrial membranes and elevated mitochondrial respira-
tion. Cirrhinus mrigala recorded the highest mean serum
SOD activity (56.31£16.20 U/mL), by its bottom-dwelling
behaviour and exposure to unhealthy pond bottom conditions.
Also, the higher SOD activity in C. mrigala from the SP in-
dicated that the enhanced production of superoxide radicals
created oxidative stress in this species. It means that C.
mrigala has better adaptive responses to protect its physio-
logical system, counteract the oxidative effect of ROS and
resist the pollutants on the pond bottom. Earlier studies also
demonstrated that SOD activity increased after exposure to
pollution in various fish (Ziki¢ et al., 2002; Sopinka et al.,
2016). In general, the results of the stress biomarkers such as
serum cortisol and SOD provided inconclusive evidence on
the effect of long-term exposure of sewage on carps. On the
other hand, the effect of seasonal pond water temperature on
the stress biomarkers such as glucose, cortisol and SOD was
more evident, where their levels were always and signifi-
cantly higher during the winter.

The carps of the NP had significantly higher serum total pro-
tein levels. Similar to the present study, many researchers rec-
orded a reduction in total protein levels when the carps were

Research Article

subjected to stressors (Das et al., 2004a,b). The plasma pro-
tein may decrease due to alteration in enzymatic activity in-
volved in protein biosynthesis (Sopinka et al., 2016), a high
degree of haemodilution under the stress conditions (Burgos-
Aceves et al., 2019), shrinkage and lysis of RBC causing
plasma dilution and/or protein catabolism (Das et al., 2004b),
increased effects on the fish immune system, and liver disor-
ders (Nayak et al., 2004). The observed reduction in fish se-
rum protein levels of the present study may be attributed to
their possible utilization for energy fulfilment. The carps of
the NP and those sampled during the summer recorded sig-
nificantly lower serum creatinine levels. The results of the
present study on elevated serum creatinine levels of carps cul-
tured in the SP or during the winter corroborate the observa-
tions of the earlier studies upon exposure to various stressors
and effluent from the sewage treatment units (Bernet et al.,
2000, 2001). They reported Salmo trutta exposed to effluent
from the sewage treatment unit had significantly different al-
kaline phosphatase, blood urea nitrogen, creatinine and bili-
rubin values than the fish kept in river water. Increased level
of serum creatinine is an indication of kidney dysfunction,
and physical exertion of organisms (Bernet et al., 2001; Out-
tandy et al., 2019), which was more pronounced in the bot-
tom-dwelling C. mrigala from the SP. Possibly, the unfavour-
able pond bottom condition might have favoured dysfunction
of C. mrigala kidney. The farmers of the sewage-fed farms of
the surrounding area expressed that the growth of C. mrigala
was poor compared to other carps.

Liver enzymes (ALT, AST and LDH) are the most suitable
variables in fish as indicators of water with a high organic
load like sewage water. Acceptable reference intervals of cy-
prinids as 9-23 IU/L for ALT (Nicula et al., 2010) corre-
sponded well with the carps of the NP or in summer. While
the carps of the SP recorded significantly high levels of ALT.
The results of the present study corroborate several earlier
observations recorded on carps (Prusty et al., 2011), goldfish
(Simmons et al., 2017) and trout (Bernet et al., 2001) exposed
to chemical stressors and sewage effluent. The levels of AST
recorded in the carps of the present study were almost 2-4
times the acceptable reference level of cyprinid, i.e., 26-54
IU/L (Nicula et al., 2010). Teleosts are known for their ability
to convert amino acids into glucose (Rodwell, 1988). There-
fore, the higher activities of AST and ALT indicated the mo-
bilization of aspartate and alanine via gluconeogenesis for
glucose production to cope with stress. It may be noted here
that glucose and protein levels recorded in the present study
differed significantly due to ponds and seasons. Under the ef-
fect of oxidative stress, which was confirmed by high SOD
levels, there may be an increase in AST and ALT activities
and a greater degree of hepatic dysfunction (Nayak et al.,
2004). Generally, the levels of ALT and AST were high in
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carps of the SP, which correlated well with the decrease in
serum protein level, thus confirming the role of protein in me-
tabolism, possibly as a compensatory mechanism to the im-
paired metabolism (Simmons ef al., 2017). Further, it is note-
worthy to mention here that dysfunction of the carp liver has
been noticed in the form of elevated ALT and AST levels
both in the SP and NP, most likely due to the stress induced
by the winter temperature and/or microbial infection. In con-
trast, some researchers reported a significant decrease in AST
and ALT activities during acute and sublethal treatment of
pollutant, which they have attributed to severe damage of
hepatocytes that are no longer capable of synthesizing AST
protein. Renal failure may also contribute to a significant de-
crease in ALT activity (Kavitha et al., 2010).

In the present study, the highest LDH values were observed
in C. mrigala of the SP followed by L rohita and C. catla.
The carps during the winter season recorded higher serum
LDH levels. Likewise, a significant increase in the LDH ac-
tivity was observed in carps exposed to different stressors
such as sewage (Bernet et al., 2000, 2001), suboptimal tem-
perature (Chatterjee et al., 2004) and high ammonia (Das et
al., 2004a). Interestingly, C. catla and L. rohita of the SP rec-
orded slightly lower LDH levels than those from the NP. Sim-
ilar to this study, a reduced LDH activity in fish exposed to
toxicants was noted (Mishra and Shukla, 2003), possibly due
to the higher glycolysis rate under stressful conditions. Nev-
ertheless, the observed insignificant differences in the serum
LDH levels among the seasons and ponds suggested that the
LDH is a less reliable biomarker to assess the stress status of
chronically stressed IMCs. The application of serum chemis-
try variables as indicators of histological lesions in case of
chronic exposure is questionable (Bernet et al., 2001).

During the culture period, infections due to ectoparasites
(Lernaea, Argulus, skin flukes and myxosporeans), and cuta-
neous haemorrhages were observed in IMCs of both the
ponds in January, February and the first week of March,
which coincided with the mid and late winter. Labeo rohita
was the most susceptible to parasitic infection followed by C.
catla and C. mrigala. The carps of the SP had a high degree
of ectoparasitic infection. Effluents from the sewage treat-
ment units affect fish health, causing histological lesions and
higher susceptibility to infectious diseases has been well
demonstrated (Petitjean et al., 2019; Bernet et al., 2000, 2001)
which also corroborates with the present study. Our results
also indicated that the sewage-fed aquaculture in EKW had a
detrimental impact on the health of carps by enhancing the
stress responses and their susceptibility to microbial infec-
tion. The infection due to the microbial agents and the tem-
perature stress during the winter season could be the probable
reason for the insignificant differences observed in many of

the serum biochemical parameters. Due to low water temper-
ature and microbial infection, fish mortalities in net-cages
ranging from nil in summer to 11% in winter were recorded.
The increased susceptibility to disease could also be at-
tributed to the confinement in the net-cages and the multiple
stressors. Besides, growth retardation and production loss
were recorded in the SP so also in an earlier study to the tune
of 13 +4 % (Banerjee et al., 2015, 2017). Also, the involve-
ment of heavy metals and other toxicants present in the sew-
age (SWRE, 2007, Chatterjee et al., 2010; Sarkar et al., 2011)
on the elevated levels of serum biochemical indices could not
be ruled out. In West Bengal aquaculture, the factors like the
use of sewage water, poor pond bottom conditions and low
temperature were identified as putative as they increased the
chance of occurrence of infectious diseases (Abraham et al.,
2020).

Conclusion

In general, the present study revealed that the winter temper-
ature (12.70£2.10 °C) and the chronic exposure of IMCs to
sewage in EKW clevated the stress levels of carps. The re-
sults of the stress biomarkers such as cortisol and SOD pro-
vided inconclusive evidence for their usefulness as suitable
biomarkers on the effect of long-term exposure of sewage on
carps. On the other hand, the effect of seasonal water temper-
ature on the stress biomarkers such as glucose, cortisol and
SOD was more evident, where their levels were always and
significantly high during the winter. Our results on the in-
creasing levels of serum glucose, creatinine, ALT and/or AST
suggested that these indices, which were more pronounced in
a sewage-fed pond in EKW in conjunction with low water
temperature, could be useful biomarkers of stress, kidney and
liver functioning of carps, respectively. Although these in situ
studies provided some insights into the stress responses and
serum biomarkers of IMCs cultured in the EKW, further in-
vestigations on the fish immune status, carp-microbial inter-
actions, genetic/resistance markers and epigenetic responses
of carps to environmental stressors are needed to evolve suit-
able management strategies for the sustainable aquaculture
activities in such system.
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ABSTRACT

A biomonitoring study of River Jatinga located in south Assam, north east India was conducted
for the first time. The study aimed to evaluate water quality of the river in different stretches using
aquatic insect as bioindicators. Insect samples were collected from selected sites of midstream and
downstream of the river during monsoon- post monsoon, 2018 and winter- pre monsoon, 2019. A
total of 25 families of aquatic insects recorded from 8 orders; Gerridae was eudominant in mid-
stream across all the seasons with highest percentage in winter. Hemiptera, the most diverse group
was represented by six families with highest relative abundance. The study found that although
both the sites were represented by same functional feeding groups, there were seasonal and spatial
variations in the families of insects and their percentage occurrences. All the biotic indices,
BMWPTHAL SIGNAL2 scores, EPT % and HFBI have shown relatively better quality of water of
the River Jatinga in the midstream than that in the downstream during monsoon and post monsoon
seasons. Presence/absence and abundance of certain insect groups can provide information about
health of the river.

Keywords: Jatinga River, Bioindicators, Eudominant, Gerridae, Functional feeding group
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Introduction

Freshwater systems are rich in biological diversity but these
days a majority of the aquatic fauna is under threat because
of human activities (Meyer et al., 1999). Millions of people
depend on the goods and services of freshwater systems like,
rivers, streams, lakes, wetlands etc. and daily supply of clean
fresh water is needed in every human existence (Barathy et
al., 2021). Unfortunately, in some areas people still consume
polluted and contaminated water without any treatment (Art-
hington et al., 2010). Currently, surface water pollution is
increasing and as a result human and ecosystem health is de-
teriorating gradually (Aazami et al., 2020). Hence assessment
of river health is very essential as organic and inorganic pol-
lution is on rise affecting human health as well as freshwater
faunal diversity. Biomonitoring is the “systematic use of li-
ving organisms or their responses to determine the condition
or changes of the environment” (Oertel and Salanki, 2003).
Many countries have a long history of using macroinverteb-
rates to monitor the ecological status of river ecosystems
(Hellawell, 1986; Li et al., 2010; Birk et al., 2012; Carter et
al., 2017; Musonge et al., 2020; Akyildiz and Duran, 2021;
Eriksen et al., 2021). Studies on the potential use of benthic
macroinvertebrates as bioindicators for river ecosystems also
have been broadly reported in literature (Rosenberg and
Resh, 1993; Mustow, 2002; Ganguly ef al., 2018; Aazami et
al., 2019; Mahmoud and Riad, 2020).

Aquatic insects are important component of benthic macroin-
vertebrates who spend their life or some part of their life in
water. Being highly specialized they represent less than 1%
of the total animal diversity (Pennak, 1978). They are known
to play a very significant role in the processing and cycling
of nutrients as they belong to several specialized feeding
groups such as shredders, filter feeders, deposit collectors,
and predators (Rosenberg and Resh, 1993). Some of the
aquatic insects are very sensitive to pollution, while others
are tolerant and many species are very susceptible to pollu-
tion or alteration of their habitat (Merritt and Cummins,
1996). Macroinvertebrates are vital indicators of the changes
in freshwater habitats and family-level identification can be
valuable in evaluation of water quality (Aazami ef al., 2020).
In northeast India though surface water pollution is on rise, a
few studies on biomonitoring of streams and rivers have been
recorded (Takhelmayum et al., 2013; Barman and Gupta,
2015; Marwein and Gupta, 2018).

The River Jatinga originating from the Jatinga village, Dima
Hasao district of Assam flows all the way through the western
boundary of the Barail Wildlife Sanctuary, Assam and joins
River Barak, the second largest river of Assam (Figure 1).
The district comprises geographic area of 3786 sq. km and
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57.86 % of it is under forest cover (FSI, 2019). The Tea based
agroforestry at the riverbank of midstream provides employ-
ment opportunities to the local people to sustain their liveli-
hoods. Cultivation of seasonal crops at the bank and catch-
ment area of the river strengthen the economic status of the
riverine villagers. Since there is paucity of data on this im-
portant river of south Assam, we have attempted to generate
baseline information on the aquatic insect community of the
river and monitor water quality using aquatic insects as bio-
indicators. Various biotic indices such as Biological Monitor-
ing Working Party Score (BMWPT™A!) " Average Score per
Taxon (ASPT™A), percentage of Ephemeroptera, Plecop-
tera, Trichoptera (%EPT), Hilsenhoff family biotic index
(HFBI) and Stream Invertebrate Grade Number Average
Level (SIGNAL2) were used. It is expected that this study
would give insight of the water quality of the river, which is
supposed to be pristine.

Material and Methods

Study Area and Collection of Aquatic Insects

The River Jatinga flows through evergreen and deciduous
forest area with varied flora and fauna. The selected study
sites of River Jatinga are midstream of the river at Damcherra
in Cachar district and downstream at Borkhola in Cachar dis-
trict (Table 1). The selected study sites, midstream and down-
stream of the river (Figure 2), on both the sites have hillocks
and there are small villages in the foothills. Villagers are
mostly dependent on the river as a source of their revenue
generation and enjoy the ecosystem services of the river.
River bank is mostly utilized for agricultural practices in
downstream. Jhum cultivation is the usual practice in the sur-
rounding hilly region of midstream area and also a few tea
gardens nearby. Midstream site is also rich in riparian vege-
tation.

Aquatic insects were collected by using “kick-net method”
and “all out search method” from the midstream and down-
stream of River Jatinga during monsoon, post monsoon 2018
and winter, pre monsoon 2019. Sampling was done by taking
three, 1-minute kick-net samples (mesh opening: 180um;
area 1m?). The kick-net is held against water current and an
area of (Im?) in front of the net is disturbed for one minute
(Brittain, 1974; Subramanian and Sivaramakrishnan, 2007).
All out search method is used when water flows through boul-
der and cobble with high turbulence. Aquatic insects were
collected from 10 square meter area for one hour. Within the
sampling area, aquatic insects were searched in all the possi-
ble substrata such as boulders, cobbles, leaf litter and dead
wood. A sable hairbrush or forcep was used for collection of
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all samples (Subramanian and Sivaramakrishnan, 2007). Af-
ter collection, insects were preserved in 70% ethanol. Col-
lected samples were examined under a motic stereozoom mi-
croscope and identified upto family using standard taxonomic
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literature (Merritt and Cummins, 1996; Subramanian and Si-
varamakrishnan, 2007; Thirumalai, 1999; Choate, 2003;
Bouchard, 2009; Boonsoong and Braasch, 2013).
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Figure 1. Map showing midstream and downstream of River Jatinga. Map not to scale.
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Figure 2. Photographs of midstream and downstream of River Jatinga. [A] Midstream, [B] Downstream.
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Table 1. Description of midstream and downstream of River Jatinga

Site Lattitude, longitude Riparian vegetation Habitat types (mm) Riverine settlement type
and altitude
Midstream N 2500 6.67" Camellia sinensis, Polygonum Cobbles (<82 mm), pebbles Hillock, Tea garden, home
(Damcherra, E 9245’ 0.70". sp., Melia azadirach, Colocasia (<34 mm), granule (<3 mm, | garden, river bank agricultural
Cachar 28 m MSL. sp., Fern sp., various types of sand (< 2mm), silt (<0.06 cultivation (Cucurbitaceae,
District) orchid species, various grass mm), clay (£0.004 mm) and | Solanaceae, Liguminosae etc.)
species, Bambusa sp.etc few boulder (<390mm)
Downstream N 2455"52.1" Bambusa sp., various types of Sand, silt and clay (<2mm) River bank agricultural
(Borkhola, E 9245 15.2". agricultural crops, various types cultivation (Cucurbitaceae,
Cachar district) 18 m MSL. of herbs, shrubs and trees. Solanaceae, Liguminosae,
Brassicaceae, leafy greens, root
crop etc.), home garden, grazing
land, wet paddy cultivation.

Data Analysis

The dominance status of different families was worked out
following Engelmann’s scale based on relative abundance
(Engelmann, 1978). Diversity indices such as Shannon-wie-
ner diversity index and Margalef’s richness index were car-
ried out using PAST 3.14 software version for Windows 10
(Adu and Oyeniyi, 2019).

The biological monitoring working party score (BMWPTHAL)
can be obtained by summing the individual scores of all fam-
ilies present. Score values for individual families reflect their
pollution tolerance (Mandaville, 2002). The Average Score
per Taxon (ASPT™AY) is calculated by dividing the score by
the total number of scoring taxa (Mandaville, 2002). A high
ASPTT™A! ysually characterizes clean sites with relatively
large numbers of high scoring taxa. Stream Invertebrate
Grade Number-Average Level (SIGNAL 2) was calculated
by total grade of aquatic insect families multiplied by the
weight factor divided by total weight factor of aquatic insect
family. A weight factor was determined for each type of ma-
croinvertebrate, considering the number of specimens col-
lected (Chessman, 2003). The percentage occurrence of
Ephemeroptera, Plecoptera and Trichoptera (% EPT) were
also calculated (Subramanian and Sivaramakrishnan, 2007).
Hillsenhoff family biotic index (HFBI) was developed by
Hilsenhoft (Hilsenhoff, 1988) to summarize the various tol-
erances of the benthic arthropod community with a single
value. Tolerance values for families range from 0-10. Value
increases as water quality decreases (Table 2).

Results and Discussion

A total of 25 families of aquatic insects belonging to 8 orders
were recorded in both midstream and downstream during the
study period (Table 3). The number of families recorded in

midstream and downstream is 20 and 14 respectively.
Aphelocheiridae, Notonectidae, Gyrinidae, Psephenidae,
Ephemeridae, Lepidostomatidae, Perlidae, Gomphidae, Eu-
phaeidae, Tipulidae and Corydalidae were found only in mid-
stream and Caenidae, Elmidae, Dytiscidae and Veliidae were
recorded only in downstream. The common aquatic insect
families found in both midstream and downstream are Gyrin-
idae, Corixidae, Dytiscidae, Hydrophilidae, Baetidae, Hepta-
geniidae, Hydropsychidae, Libellulidae, Culicidae and Chi-
ronomidae. Hemiptera, the most diverse group represented by
six families was followed by Coleoptera, Ephemeroptera and
Odonata. Highest number of Hemipteran families and their
highest relative abundance were also recorded in Moirang
River of Manipur, India (Takhelmayum et al., 2013)

Table 2. Evaluation of water quality using family level biotic
index (Hilsenhoff 1988)

HFBI Water quality | Degree of organic pollution
0.00-3.75 Excellent Organic pollution unlikely
3.76-4.25 Very good Possible slight organic pollution
4.26-5.00 Good Some organic pollution probable
5.01-5.75 Fair Fairly substantial pollution likely
5.76-6.50 Fairly poor Substantial pollution likely
6.51-7.25 Poor Very substantial pollution likely
7.26-10.00 | Very poor Severe organic pollution likely

During monsoon season, 7 orders, 8 families and 46 individ-
uals of aquatic insects were found in midstream and 3 orders,
4 families and 15 individuals in downstream. Again, during
post monsoon a total of 6 orders, 7 families and 102 individ-
uals were found in midstream and 4 orders, 5 families and 34
individuals in downstream. In winter, 4 orders, 7 families and
76 individuals were found in midstream while 4 orders, 6
families and 98 individuals found in downstream. During pre
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monsoon, 4 orders, 6 families and 36 individuals were found
in midstream and 5 orders, 8 families and 40 individuals in
downstream (Figure 3). Both highest and lowest number of
order and family were found in monsoon, highest in mid-
stream and lowest in downstream. Density was found highest
in midstream during post monsoon and lowest in downstream
during monsoon season (Figure 3). Takhelmayum et al.
(2013) in a study on River Moirang found that highest density
was directly proportional to the seasonal fluctuations of water
level and availability of food resources. According to Aru-
nachalam et al. (1991), leaf packs and algal biomass are the
high-quality food resources for most of the benthic macroin-
vertebrates and very important energy source for stream com-
munities. The highest insect density in the post monsoon in
midstream could be attributed to high algal biomass in the
stream in the same season. High temperature of water and air
during post monsoon might have also played a role. The sea-
sonal differences in the abundance of aquatic insects in
streams are largely governed by temperature (Gupta and Mi-
chael, 1983). The distribution, abundance and diversity of the
aquatic insects are affected by intra and inter specific compe-
tition plus tolerance capacity of organisms to changing envi-
ronmental variables of water (Habib and Yousuf, 2012).

Shannon-Wiener diversity index of both the midstream and
downstream ranged between 1.02—1.47 during the study pe-
riod (Figure 5). In the midstream, it ranged from 1.05-1.31,
where highest value recorded during pre monsoon and lowest
recorded in post monsoon. In the downstream, Shannon-Wie-
ner diversity index (H') ranged from 1.02—1.47 where, high-
est value recorded during pre monsoon and lowest recorded
in the monsoon season. Values above 3.0 indicate stable hab-
itat and values under 1.0 indicate that there is pollution of
habitat structure (Turkmen and Kazanci, 2010). The diversity
index value greater than 1 in both the sites during the study
period indicated moderate pollution of the river as seen in
other studies (Takhelmayum et al., 2013; Sandin and John-
son, 2000). Margalef’s richness index (Figure 5) ranged from
2.99-5.25 where highest score recorded during winter and
lowest score recorded in the post monsoon season in the mid-
stream while in the downstream it ranged from 2.51-4.37
where, highest score recorded during pre monsoon and lowest
in the winter season. Score more than 3 indicates ‘clean’ con-
dition; score less than 1 indicates ‘severe’ pollution and inter-
mediate score indicates ‘moderate’ pollution of water (Lenat
et al., 1980).

Based on Engelmann scale (Engelmann, 1978) (Table 3), in
all the four seasons in the midstream Gerridae was eudomi-
nant in all the seasons ranging from 58.33% to 72.5% fol-
lowed by Heptageniidae (13.04%) while Corixidae recorded
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eudominant in the downstream followed by Veliidae as dom-
inant during monsoon. Eudominance of Gerridae in the mid-
stream in all the seasons is related to their wide preference of
laying and attaching eggs to the vegetation and stone surface
etc. Moreover, during hibernation, Gerridae usually use leaf
litter, rocks and other sheltered sites near water (Stonedahl
and Lattin, 1982). Thus, Gerridae preferred midstream be-
cause of the substratum type and rich riparian vegetation. Alt-
hough Corixidae was eudominant in the monsoon in the
downstream, in the post monsoon it was replaced by Chiron-
omidae as eudominant group followed by Corixidae as dom-
inant. However, in the winter season Corixidae regained its
eudominant status in the downstream (Table 3).

Aquatic insects were classified in to functional feeding
groups (FFG) on the basis of ecosystem functioning, as they
belong to several specialized feeding groups and from their
relative abundance, we assess the impact of anthropogenic
activity on freshwater ecosystem (Marsese et al., 2014). The
FFG of the stream insects show deviation across habitat
(Subramanian and Sivaramakrishnan, 2005). In the mid-
stream, the main FFG was predators (67.65%—91.25%) fol-
lowed by scrapers (13.04%—-22.55%) whereas in the down-
stream piercers-herbivores, predators/scrapers (17.65%—
68.37%) was the main functional feeding groups followed by
collectors-gatherers and filterers, predators (8.16%—64.71%)
during study periods (Table 4). The predators were repre-
sented by Gerridae, Notonectidae, Mesoveliidae, Veliidae,
Aphelocheiridae, Dytiscidae, Gyrinidae, Perlidae, Gomphi-
dae, Libellulidae, Euphaeidae, Corydalidae and scrapers were
represented by Psephenidae and Heptageniidae. Although
both the sites were represented by same FFGs, there were sea-
sonal and spatial variations in their percentage occurrences.
Thus, meager percentage occurrence of scrapers (6.67%) (Ta-
ble 4) in the downstream in monsoon and absence in other
seasons can be explained by the fact that downstream habitat
is always dominated by sand and their mouthparts are not
equipped for collection of food from such habitat. According
to Brasil et al. (2014), their mouthparts are specialized for
removing materials adhered to the substrate like stones/boul-
ders found in the upper stretches. The study found that the
relative abundance of the families of order Hemiptera was
found highest and mostly represented by predators as re-
vealed in other studies also in northeast India (Takhelmayum
et al.,2013; Barman and Gupta, 2015). Hemipterans are suc-
cessful in all the possible aquatic environments as they pos-
sess oar like hind legs for swimming, can walk on surface
water, breathe by the means of an air store and have promi-
nent eyes (Barman and Gupta, 2015).


https://doi.org/10.3153/AR21031

Aquat Res 4(4), 363-375 (2021) e https://doi.org/10.3153/AR21031 Research Article

120 14 Midstream ® Downstream

Total numbers
W (@) O
S () (]

1 1 1

-
1

TNO|TNF| TNI [TNO|TNF| TNI|TNO|TNF| TNI [TNOJTNF| TNI
PoM Win

Mon

Season

’
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BMWP™A! gcore indicated ‘moderate’ water condition in
midstream and ‘poor’ condition at downstream during mon-
soon, post monsoon and winter season whereas, ‘poor’ water
condition recorded at midstream and ‘moderate’ condition
recorded in downstream during the pre monsoon season (Ta-
ble 5). Presence of good number of EPT groups in midstream
revealed good condition of water quality during study period,
as a result midstream found high BMWP™A! score than
downstream (Chaw ef al., 2018). The BMWP™A! score pro-
vides single value, at the family level of the aquatic insect
tolerance to pollution. The greater their tolerance towards
pollution the lower is their BMWPT™A! score (Mustow, 2002;
Mandaville, 2002).

‘Clean water’ recorded at both the midstream and down-
stream during monsoon season as per ASPT™A! score. Dur-
ing post monsoon and winter season, midstream and down-
stream indicated ‘doubtful quality’ and ‘probable moderate
pollution’ respectively. But in the pre monsoon season mid-
stream recorded ‘clean water’ and downstream recorded ‘se-
vere pollution’ (Table 5). If ASPT™A! score is greater than 6
then ‘clean water’, 5-6 ‘doubtful quality’, 4-5 ‘probable
moderate pollution’ and less than 4 then ‘probable severe pol-
lution” (Mandaville, 2002). SIGNAL2 score indicated
‘healthy habitat’ for midstream and ‘severe pollution’ for
downstream in both monsoon and post monsoon season. Sim-
ilarly, it indicated ‘Moderate’ and ‘severe pollution’ at mid-
stream and downstream during winter and pre monsoon, re-
spectively (Table 5). A SIGNAL?2 score gives an indication
of water quality in the river from which the sample was col-
lected. Each type of macroinvertebrate has a grade number
between 1 and 10, low-grade number indicates macroinverte-
brate is tolerant towards pollution and higher the number, the
greater the average sensitivity (Chessman, 2003).

The % of EPT recorded ‘moderate’ condition of the water,
26.09% in monsoon and 29.41% in post monsoon in the mid-
stream while ‘poor’ condition 6.7% in monsoon and 5.9% in
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post monsoon in the downstream (Table 5). Studies on three
streams of Terengganu, Malaysia also revealed good quality
of river water by the presence of major aquatic insect taxa i.e.
Ephemeroptera, Plecoptera and Trichoptera (Wahizatul et al.,
2011; Azmi et al., 2018). Presence of high % of EPT com-
munities represent a good quality stream as EPT communities
are prevalent in undisturbed streams and exhibit low toler-
ance towards water pollution (Chaw et al., 2018). In the pre-
sent study, % of EPT in the midstream is low though com-
pared to downstream it is higher indicating relatively better
status of water quality in the midstream. HFBI recorded
‘good’ condition of water quality in the midstream during
monsoon and post monsoon season (4.46 and 4.83), while
“fairly poor’ and ‘poor’ (6 and 7.12) water quality recorded
in downstream during the monsoon and post monsoon season
respectively. ‘Fair’ (5.06-5.5) water condition recorded at
both the midstream and downstream in the winter and pre
monsoon season respectively (Table 5).

All the biotic indices such as BMWP™A! and SIGNAL2
scores, EPT % and HFBI have shown relatively better quality
of water of the River Jatinga in the midstream than that in the
downstream during monsoon and post monsoon seasons.
Sand mining activity nearly 5 kilometers upwards from the
downstream might have impacted the water quality of the
downstream. Sand mining not only deteriorate water quality
but also change the richness and diversity of aquatic commu-
nity (Bhattacharya et al., 2019). Other anthropogenic activi-
ties of the villagers include domestic work, fishing, recrea-
tional activities, input of agricultural waste and pesticide
from the riverbank agricultural activities. In the winter and
pre monsoon, water quality was seen to have further deterio-
rated in both the stretches, which may be due to lack of rain-
fall and thus nutrients concentrated.
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Table 3. Seasonal variations in aquatic insect families, functional feeding groups and dominance status (Engelmann, 1978) of the midstream (MS)
and downstream (DS) of River Jatinga during 2018-2019

. Midstream Downstream
Order Family FFG Mon PoM w PrM Mon PoM W PrM
Gerridae Pr 67.39% (ED)  65.69% (ED) 72.5% (ED)  58.33% ED) | - 5.88% (SD) - 5% (SD)
Notonectidae Pr - - 1.25% (R) 8.33% (SD) - - - -
Hemiptera | Mesoveliidac Pr - - - - - - - 2.50% (R)
Veliidae Pr - - - - 26.67% (D) - - -
Aphelocheiridae | Pr - - 2.5% (R) 8.33% (SD) | - - - -
Corixidae Pc-Hb, Pr/Sc - - 2.5% (R) - 60% (ED) 17.65% (D) 68.37% (ED)  50% (ED)
Dytiscidae Pr(L and A) - - - - - - 4.08% (SD) -
Gyrinidae Pr(L and A) - - 12.5% (D) - - - - -
Co]eoptera Psephenidae Sc (L) - 0.98% (SR) - - - _ _ .
CG, Sc, Sh-Hb .
Elmidae (L and A) - - - - - - - 2.50% (R)
Hydrophilidae | Pr (L), CG (A) | 2.17% (R) - - - 6.67% (SD) - 15.31% (D) 20% (SD)
Baetidae CG 4.35% (SD) 5.88% (SD) - 13.89% (D) | - - - 2.50% (R)
Ephemeridae CG - - 1.25% (R) - - - - )
Ephemeroptera
Caenidae CG - - - - - - 2.04%(R) -
Heptageniidae Sc 13.04% (D) 21.57% (D) - - 6.67% (SD) - - -
Hydropsychidae | Ft, Prand Sc (S) | 2.17%(R) 1.96%(R) - - - 5.88%(SD) - -
Trichoptera i -
p Lep'ldosto Sh-Dt i i i 2.78% (R) ) ) ) )
matidae
Plecoptera Perlidae Pr 6.52% (SD) - - - - - - -
Gomphidae Pr - - 1.25%(R) - - - - -
Odonata Libellulidae Pr - 1.96% (R) 1.25%(R) 8.33% (SD) | - 5.88% (SD) - 2.50% (R)
Euphacidae Pr 2.17% (R) - - - - - - -
Megaloptera Corydalidae Pr 2.17% (R) - - - - . i _
2.5%
. Tipulidac Sh-Dt, CG - - ®) - - - - -
Diptera Culicidae Ft and CG - - 1.25% (R) - - - 2.04% (R) -
Chironomidae CG and Ft, Pr - 1.96% (R) 1.25% (R) - - 64.71% (ED) 8.16% (SD) 15% (D)

Mon- Monsoon, PoM- Postmonsoon, W-Winter, PrM-Premonsoon, FFG- Functional Feeding Group, RA <1.0% = Subrecedent (SR);1.1% — 3.1% = Recedent (R);3.2% — 10.0% =
Subdominant (SD); 10.1% — 31.6% = Dominant (D); 31.7% — 100% = Eudominant (ED), Pr- Predators, Pc- Piercers, Hb- Herbivores, Sc- Scrapers, CG- Collectors-Gatherers, L-
Larvae, A- Adult, Sh- Shredders, Ft- Filterers, Dt- Detritivores
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Table 4. Functional feeding groups (%) of midstream and downstream during study period (2018-2019)
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FFG Mon PoM W PrM
MS DS MS DS MS DS MS DS

Pr 78.26 26.67 67.65 11.76 91.25 4.08 83.33 10.00
Pc-hb, Pr/Sc 0.00 60.00 0.00 17.65 2.50 68.37 0.00 50.00
Sc 13.04 6.67 22.55 0.00 0.00 0.00 0.00 0.00
CG, Sc, Sh- Hb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50
Pr, CG 2.17 6.67 0.00 0.00 0.00 0.00 0.00 20.00
CG 4.35 0.00 5.88 0.00 1.25 17.35 13.89 2.50
Ft, Pr and Sc 2.17 0.00 1.96 5.88 0.00 0.00 0.00 0.00
Sh-Dt 0.00 0.00 0.00 0.00 0.00 0.00 2.78 0.00
Sh-Dt, CG 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00
Ftand CG 0.00 0.00 0.00 0.00 1.25 2.04 0.00 0.00
CG and Ft, Pr 0.00 0.00 1.96 64.71 1.25 8.16 0.00 15.00

Mon- Monsoon, PoM- Postmonsoon, W-Winter, PrM-Premonsoon, FFG- Functional Feeding Group, Pr- Predators, Pc- Piercers, Hb- Herbivores, Sc- Scrapers, CG-
Collectors-Gatherers, Sh- Shredders, Ft- Filterers, Dt- Detritivores. Midstream (MS), Downstream (DS).

Table 5. Seasonal variations in biomonitoring scores in midstream (MS) and downstream (DS) of River Jatinga during 2018-2019

Season Site BMWPTHAI ASPTTHAI SIGNAL 2 %EPT HFBI
Water Degree of organic
Score Biological class/Remark Score Biological class/Remark Score Remark Score Remark Score quality  pollution
. Some organic
MS 58 Moderate 7.3 Clean water 6.6 Healthy habitat 26.09  Moderate 446  Good .
pollution probable
Monsoon Fairly =~ Substantial pollution
DS 30 Poor 7.5 Clean water 34 Severe pollution 6.7 Poor 6 .
poor likely
MS | 42 Moderate 6  Doubtful quality 6.1  Healthy habitat 2941  Moderate 483 Good  Someorganic
Post pollution probable
fmonseon g 25 Poor 5 Probable moderate pollution 3.2 Severe pollution 5.9 Poor 7.12 Poor Very s.ubst'antlal
pollution likely
MS | 61  Moderate 5.5  Doubtful quality 43  Moderate pollution 125  Poor 506  Fair  Fairly substantial
Winter pollution likely
DS 25 Poor 4.2 Probable Moderate pollution 3 Severe pollution 17.35 Poor 5.15 Fair Fairly substantial
pollution likely
MS 40 Poor 6.7 Clean water 5 Moderate pollution 14.63 Poor 5.5 Fair Fairly substantial
Pre pollution likely
monseon g 42 Moderate 5.3 Doubtful quality 3 Severe pollution 2.5 Poor 5.5 Fair Fairly substantial
pollution likely
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Biological Monitoring Working Party (BMWP) score: 0—10 = very poor, 11-40 = poor, 41-70 =moderate, 71-100 = good, > 100 = very good. Average Score Per Taxon (ASPT)
score: > 6 = clean water, 5—6 = doubtful quality,4—5 = probable moderate pollution, < 4 = probable severe pollution. Stream Invertebrate Grade Number-Average Level (SIGNAL)
score: > 6 = healthy habitat, 5-6 = mild pollution, 4-5 = moderate pollution, <4 = severe pollution. %EPT: <I = poor, 2-5 = moderate, > 5 = good. Midstream (MS), Downstream
(DS).
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Conclusions

This is a first study on aquatic insect community of River
Jatinga and their role in biomonitoring of river health. Com-
putation of different biotic indices revealed that water quality
is mostly moderate in the midstream while poor in the down-
stream of the river. The study further confirmed the role of
aquatic insects as bioindicators in the lotic systems and the
significance of use of different biotic indices in discerning
water quality. It is recommended that for water quality man-
agement of rivers or streams, distribution of aquatic insect
communities in different sites and seasons can be used in bi-
omonitoring study. Future studies on this river would pin-
point the sources of pollution and also provide insight to the
biodiversity of the river.
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Bu calismada bir fitoremedasyon stratejisi olan yapay yiizen ada (Y'YA) teknolojisinin Tiirkiye gol, golet ve
baraj gollerinde uygulanma potansiyeli incelenmistir. Kiiresel 1sinma ve buna bagli olarak meydana gelen
iklim degisikligi ile birlikte su kaynaklari {izerine olan baski her gecen giin daha da artmaktadir. Ayrica artan
cevre kirliligi, dogadaki canlilara dogrudan ve/veya dolayli olarak zarar vermekte ve yasamlarini olumsuz
yonde etkilemektedir. Bu kapsamda iilkemizde bulunan gol, golet ve baraj gollerinin olumsuz kiiresel ve
cevresel kosullara karst Snem degeri son yillarda artmistir. igme suyu kaynagi, tarimsal alanlar1 sulama, rek-
reasyon amactyla kullanimi ve icerisinde bulunan ekosistem dikkate alindiginda gél, golet ve baraj g6llerinin
iyilestirilmesi i¢in yenilikgi, siirdiiriilebilir ve ekonomik ¢éziim énerileri gerekmektedir. Ulkemizde var olan
dogal sularin mevcut trofik durumu dikkate alindiginda 6trofikasyon potansiyeline sahip birgok g6l, golet
veya baraj golii tespit edilmistir. Bu organik kirlilik yiikiinii iyilestirmek i¢in diinya iizerinde yaygin olarak
uygulanan YYA teknolojisi olduk¢a ekonomik bir alternatif dogal aritim sistemidir. Literatiirde var olan ¢a-
lismalar YYA teknolojisinin genellikle laboratuvar ve pilot &lgekli uygulanmasina odaklanmustir. flerleyen
stirecte YY A teknolojisinin gergek dlgekli uygulanmasi hem bilimsel hem de iilke ekonomisi igin dnemli bir
katma deger saglayacaktir.

Anahtar Kelimeler: Yapay yiizen adalar, Fitoremedasyon, Otrofikasyon, Trofik durum

ABSTRACT

Natural water treatment system: the potential of applying artificial floating island technology in lakes,
ponds and dam lakes in Turkey

In this study, the implementation potential of artificial floating island (AFI) technology, which is a phytore-
mediation strategy, was investigated in Turkish lakes, ponds and reservoirs. The pressure on water resources
is increasing ever with the global warming as well as the effect of climate change. In addition, increasing
environmental pollution directly and/or indirectly harms the organisms thus has negative effects on their lives.
In this context, the importance of lakes, ponds and dam lakes in Turkey against adverse global and environ-
mental conditions has increased in recent years. Innovative, sustainable and economical solutions are required
for the improvement of lakes, ponds and dam lakes, considering that these are main resources of drinking
water, irrigation of agricultural lands, and recreational activities. Considering the current trophic state of nat-
ural waters in our country, many lakes, ponds or dam lakes have been identified with eutrophication potential.
AFT technology, which is widely established globally to remediate such organic pollution load, is a highly
economical alternative treatment system. Previous studies have generally focused on the laboratory and pilot
scale implementation of AFI technology. In the future, full-scale establishment of AFI technology will pro-
vide significant added value for both the scientific and the national economy.

Keywords: Artificial floating islands, Phytoremediation, Eutrophication, Trophic state
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Hayat icin gerekli ve degerli olan su kaynaklar, ¢esitli ne-
denlerle giiniimiizde tehdit altindadir. Son dénemlerdeki nii-
fusun hizli artisi, ¢arpik kentlesme, sanayilesme, gida arzinin
artmasi su talebini ve su kirliligini artirmistir (Vadde vd.,
2018). Artan niifusun taleplerini karsilamak ve bunun ya-
ninda rekreasyon, sulama, su iiriinleri yetistiriciligi ve habi-
tatlarin korunmasi igin gilivenilir ve temiz bir tatli su temini-
nin siirdiirebilirligi gereklidir. Fakat insan kaynakli atiklardan
dolay1 hava, su ve topragin kirlenmesi son yillarda ciddi bir
sorun haline gelmistir (Sener vd., 2014). Diinya Saglik Or-
giitii (WHO) ve Birlesmis milletler Cocuklara Yardim Fonu
(UNICEF) tarafindan yayinlanan son raporlara gore, diinya
niifusunun %901 igme suyu kaynagina ulagimi olsa dahi,
diinya capinda iki milyardan fazla insanin giivenli bir sekilde
yonetilen igme suyu hizmetlerine erisimi yoktur (WHO,
2019; WHO/UNICEF 2019). Diinya Bankas1 raporuna gore
ise 2030 y1linda 6ngoériilen kullanilabilir su talebinin, mevcut
su arzina gore %40 oraninda daha fazla olmas1 beklenmekte-
dir (World Bank, 2019). Tarimsal, endiistriyel ve kentsel fa-
aliyetler, sucul ekosistemlerde hem besin hem de kimyasal
kirliligin 6nemli kaynaklaridir (Ouyang vd., 2006; Chen vd.,
2020). Dogal su kaynaklarinin kirletilmesinde iiretimin etkisi
oldukga fazladir. Son dénemde COVID-19 pandemisi birgok
iilkede uluslararasi {iretim ve ticaret zinciri olumsuz etkilen-
mis, fakat buna karsin kiiresel capta ¢evresel pozitif degisim-
ler gozlenmistir (Kanniah vd., 2021; Rupani vd., 2020;
Shrestha vd., 2020; Wang ve Su, 2020). Fakat insan ihtiyag-
larinin kargilanmasi i¢in iiretimin siirekli olarak devam et-
mesi de tartisilmaz bir gergektir. Siirdiiriilebilir ve g¢evreci
tiretime ek olarak dogal kaynaklarin iyilestirilmesi politikasi
dikkate alinmalidir (Colares vd., 2020).

Su kaynaklarinin kirlenmesi, telafisi imkansiz problemlerin
olusmasina zemin hazirlamaktadir (Ahmet, 2006). Gelisen
teknoloji ve endiistrilesmenin insan hayatini kolaylastiran
olumlu etkilerine karsin ¢evre iizerindeki olumsuz etkileri
g0z ard1 edilemezdir (Sun vd., 2019). Cevre kirliligi 20. yiiz-
yilda insanligin en Onemli sorunu olmustur (Goniilol ve
Obali, 1986). Sosyo-ekonomik gelismenin su kaynaklar iize-
rindeki etkileri, 6zellikle su kirliligi gbz oniine alindiginda,
oOzel bir ilgi odag1 haline gelmistir (Fan ve Fang, 2020). Su
kirliligi canlilar1 yapisint direkt olarak etkiledigi icin kirlili-
gin tespit edilmesi temelde biyolojik bir olgudur. Sucul or-
tamlardan daha verimli bir sekilde yararlanmak ve bunlarin

stirekliligini saglamak i¢in, su kaynaklarinin sahip oldugu po-
tansiyelin ve 6zelliklerinin detayl bir sekilde incelenmesi ge-
rekmektedir. Bu nedenle sucul kaynaklarin fizikokimyasal
Ozelliklerinin ortaya konmas1 gerekmektedir (Yiice, 1999).

Gollerin biyolojik gesitlilik, balikg¢ilik, rekreasyon, turizm ve
hidrolojik dongiideki rolii ekosistemdeki nemini ortaya koy-
maktadir (Dodson vd., 2000; Kristensen ve Hansen, 1994).
Dogal ve yapay goller, insan ihtiyaglarini karsilamak i¢in top-
lam tatli su kaynaklarinin biiyiik bir boliimiinii olusturmakta-
dir (Beyhan ve Kagikog, 2014). Kotii su kalitesi 6trofikas-
yona yol agabilir ve toplu balik 6liimleri gibi, insanlar ve suda
yasayan canlilar iizerinde bir dizi olumsuz etkiye sahip olabi-
lir (Flynn ve Suplee, 2011). Otrofikasyona ugramis goletler,
goller ve barajlarda meydana gelen siyanobakteriyel ¢icek-
lenmeler, su kaynaklarinin etkin kullanimi agisindan ciddi so-
runlara yol agmistir (Nakai vd., 2008). Otrofikasyon sonucu
su kalitesindeki bozukluk, tarim ve sanayi gibi endiistrilerle
ekonomik kalkinmay1 olumsuz etkileyebilir (Liu vd., 2014;
Ma vd., 2010). Dogal su kaynaklarinda su kalitesinin iyiles-
tirilmesi sadece su ekosistemini pozitif etkilemekle kalmaz,
ayni zamanda insan tiiketimi ve sulama i¢in giivenli tatli su
arzini saglar (Bui vd., 2020). Ozellikle hastalik etkeni tagryan
igme suyu giivenliginin havzadan tiiketiciye kadar en aza in-
dirilmesi i¢in evsel sularin aritimi, giivenli depolama ve su
kaynakl1 patojenlerin azaltilmasi oldukca 6nemli bir meka-
nizmadir (Xiao vd., 2020). Diinya genelinde su kirliliginin
olumsuz cevre etkisini 6nlemek i¢in birtakim siirdiiriilebilir
uygulamalarla da tedbirler alinmaktadir. Bunlar arasinda su
ortaminin yapay yiizen ada (Y'Y A) teknolojisi ile aritimi, eko-
nomiklik ve basit uygulanabilirligi agisindan yaygin olarak
kullanilmaktadir (Sun vd., 2009; Dotro vd., 2017). Baz1 ¢a-
lismalarda YYA’larin, su kalitesinin bozulmasina karsi bir
tampon gorevi Uslendigi (Egertson vd., 2004; McGill vd.,
2010), su igerisindeki besin konsantrasyonlarini azalttigi
(Palombo vd., 2013) ve trofik degisimleri etkiledigi bildiril-
mistir (Pelicice ve Agostinho, 2006). Bu bilgiler 1sinda
YYA’lar, yaklagik 40 yillik gegmise sahip oOtrofik bir su
aritma teknolojisidir (Chang vd., 2017). Bu ¢alismada, diinya
genelinde uygulanan bir teknoloji olan yapay yiizen adalarin
Tiirkiye’deki gol, golet ve baraj gollerinde uygulanma potan-
siyeli incelenmistir.
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Sekil 1. Yapay ylizen ada tasarimi

Figure 1. The design of artificial floating island

Yapay Yiizen Ada Teknolojisi

YYA’lar hedef su kaynaklar1 tizerinde 6zellikle endistriyel,
su Uriinleri yetistiriciligi ve tarim arazisi atik sularinin dekon-
taminasyonu ve ekolojik iyilestirmesi i¢in stirdiiriilebilir bir
teknolojidir (Nahlik vd., 2006; R. K. Hubbard vd., 2004). Ge-
nel bir tanimlama ile YYA’lar (Sekil 1), yiizen matlar, ylizen
sulak alan bitkileri ve algler, biyofilmler, zooplanktonlar ve
kiiciik omurgasizlar gibi ilgili ekolojik topluluklardan olusan
topraksiz bir ekim yapisidir (Hu vd., 2010; Sun vd., 2009).
Wolverton ve McDonald, 1975 tarafindan yapilan ilk ¢alis-
mada YYA’lar ile kirli sudan giimiis (Ag), kobalt (Co) ve
stronsiyum (Sr) giderimi yapilmustir. 40 yillik gegmisi bulu-
nan YYA’lar giiniimiizde geleneksel YYA’lar, kompleks
YYA’lar ve tagmabilir YYA’lar olacak sekilde 3 farkli tek-
noloji olarak gelistirilmistir (Chang vd., 2017).

Y YA’larin dort ana islevi oldugu bildirilmektedir: Bunlar, (1)
su aritma, (2) belirli hayvanlar i¢in habitat saglama, (3) kiy1

+ Su Bitkis |

Bitld Yataq

Bitha Kalkderi

bolgesini koruma ve (4) peyzaj 6zelliklerinin iyilestirilmesi-
dir (Nakamura ve Shimatani, 1997). Bunlara ek olarak
Hoeger, (1988) tarafindan biyolojik dezenfeksiyon etkisi de
bildirilmistir. Su iizerindeki bitkiler etkili bir riizgar kirilma-
sina, kok sistemleriyle kiy1 bdlgelerdeki akintilar1 zayiflat-
maya ve bdylece toprak hareketini 6nemli dl¢iide azaltmaya
yardimci olur. Agirliklart ile dalgalarin yoriingesel hareketini
yavaglatir, boylece YYA’lar ile kiy1 arasinda sakin bir su bol-
gesi olusturur. YYA’lar habitat adalar1 olarak konuslandiril-
diginda, belirli bir su kiitlesindeki birgok hayvan ve bitki tiirii
icin yasam alam gorevi goriir. Ada {izerinde su kuslari, me-
meliler ve siirlingenler i¢in yasam alani olustururken, ada al-
tinda balik yavrulari ve baliklar i¢in yasam alani, donemsel
olarak yumurtlama alanlar1 olusturur. Bocekler, bocek larva-
lar1, kerevitler ve yumusakgalar gibi ¢ok sayida omurgasiz
hayvanin yan sira tek hiicreliler, bakteriler ve algler, besin
zincirindeki ayristiricilar, yirticilar ve diger elementler de bu
adalar {izerinde yerlerini alirlar. Bir peyzaj araci olarak 6zel-
likle 6trofik gollerde alglerle kapli su goriintiisiinii ortadan
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kaldirarak farkli tropikal ¢igeklendirmeler ile gorsel ihtiyaca
cevap verir. En 6nemli islevi olarak diisiiniildiigiinde ise yii-
zen adalara dikilen bitkilerin kok sistemleri, su kiitlesine as1-
lir ve biiyiik, ic boyutlu bir kok labirenti olusturur. Bu ag,
yalnizca ¢oziinmiis maddeleri dogrudan sudan uzaklastir-
makla kalmaz, ayn1 zamanda mekanik olarak ylizen par¢acik-
lar filtreler ve tutar. YY A'lar, 6zel olarak tasarlanmis deney-
sel alanlara veya enstriimantasyonlara ihtiya¢ duymadiklarin-
dan atik suyu aritmak i¢in uygun maliyetli yontemlerdir.
Boylece proses enerjisinde %80'e ve malzeme girdisinde
%50'ye kadar tasarruf saglayabilir (Luederitz vd., 2001). Tiir-
kiye’de 6zellikle agir metal igeren atiksularin iyilestirilmesi
i¢cin uygulanan biyoremediasyon ¢aligmalar1 mevcuttur (Ayas
vd., 2019; Nassouhi vd., 2018; Tatar, 2014). Ekvatorda arse-
nik ve demir igerigi bulunan bir rezervuarda yapilan iyiles-
tirme ¢alismasinda 3,6 m? kapasiteli YYA kullanilmstir
(Largo vd., 2020). Caligma sonucunda YYA’nin sudaki ve
sedimentteki aresenigi sirasiyla %97 ve %84 oraninda azalt-
t1g1 gozlenirken, demir ise sedimentte ortalama %87 oraninda
giderilmistir. Ayrica ¢aligma sonunda makrofitlerin hayatta
kalma orani ise %92 olarak bulunmustur. Ek olarak, rizosfer,
faaliyetleri ile su aritma siirecini gelistiren sayisiz bakteri ba-
rindirir. Biyolojik dezenfeksiyonu {izerine ¢ok fazla ¢alisma
bulunmamasina ragmen biiylik stimbiil (Scirpus zacustris)
bitkisinin 6zellikle ilkbahar ve yaz aylarinda salgilamis ol-
dugu mikrobiyal maddeler, sazlarla bitkilendirilen alanlarda
koliform ve Salmonella gibi patojenleri etkisiz hale getirmek-
tedir. Daha da 6nemlisi, kirlenmis deniz kirlangict ve deniz
martilarmin, bu tiir yerlerde yuva yapmaya basladiktan son-
raki gilinler icinde Salmonella enfeksiyonlarindan kurtulma-
lar1 miimkiindiir (Hoeger, 1988). Bunlunla birlikte yanlis se-
¢gilen ve yonetilen Y'Y A'lar, istilac tiirler nedeniyle yerel ta-
rim, su irilinleri yetistiriciligi ve biyolojik cesitlilik iizerinde
istenmeyen etkilere neden olabilir (Vera vd., 2010). Ayrica,
¢lirlimiis, uzun siire 1slatilmis yiizen malzemeler de bir kirlilik
kaynag olabilir (Yeh vd., 2015).

Yapay Yiizen Adalarin Tasariminda Kullanilan Malzemeler

YYA’lar i¢ katmanli olarak inga edilir. Bunlar; ada lizerinde
bulunan bitkilerin yapragi ve govdesini i¢eren bolge, adanin
ylizmesini saglayan yiizdiiriicii ekipmanlar ve su igerisindeki
mikro ve makro canlilarla etkilesim halinde olan kok sistem-
leridir (Chang vd., 2017). YYA tasariminda dncelikle yiizdii-
riicii bir iskelet sistem ve suya dayanikli bitkiler, gerekli go-
rildiigii takdirde ise bir bitki yatag1 ve su ylizeyinde sabit
noktada kalmasini saglayacak ¢apa veya iple kiyiya baglama
sistemi bulunur. Bitki yatagi kullanimi ¢ok yaygin olmasa da
kullanilmas1 durumunda genellikle kokopit kullanilan calis-
malar bulunmaktadir (Billore vd., 2009; Van Acker vd.,
2005). Genellikle toprak ikamesi olarak kullanilan kokopit,

su tutma 6zelligi ile bitkinin siirekli olarak su ile temasini sag-
larken ayn1 zamanda bitkinin sabit kalmasini da saglamakta-
dir (Billore vd., 2009). Yiizdiiriicii iskelet olarak bir ¢ok farkli
tasarim soz konusudur (Alberto vd., 2021). Geleneksel sis-
temlerde genellikle PVC borular veya koruge drenaj borulari
kullanilirken bunlarin disinda strafor, plastik dubalar, ytlizdii-
riicii matlar, bambular, polietilen yiizdiiriiciiler ve su sigeleri
kullanilmaktadir. Fakat kullanilan bu yiizdiiriiciilerin son do-
nemlerde 6nem seviyesi oldukca fazla olan mikroplastik kir-
liligine katki saglayabilecegi gercegine dikkat edilmelidir. Su
ortaminda yasayan canlilar i¢in endokrin bozucu etkiye sahip
fenolik gruplarin canlilar iizerinde birikimi (Faheem vd.,
2016; Molina vd., 2018; Nane vd., 2021) YYA’larin olumsuz
etkileri olmamalidir. Bu kapsamda farkl iireticiler tarafindan
cevre dostu ve daha dayanikli sistemler (BioHaven ve Tech-
IA) tretilmistir. BioHaven adalarin govdeleri, olduk¢a goze-
nekli ve gevresel faktorlere direngli {i¢ boyutlu bir matris sag-
lamak igin i¢ ice gegmis ve baglanmis ince (0,007 ing capli)
polimer seritleri igerir (Stewart vd., 2008). Ayr1 polimer se-
ritleri, mikrobiyal biyofilmler tarafindan kolonizasyon i¢in
ideal bir substrat saglar ve matris ayrica su, nehir kenar1 ve
kara bitkilerinin kdkleri i¢in miikemmel bir biiyiime ortam
saglar. Tech-IA, ise yiiksek mekanik, kimyasal, biyolojik
sartlara ve hava kosullarima dayanikli, geri dontstiiriilebilir
ve toksik olmayan bir formiil olan etilen vinil asetattan yapil-
mistir (Alberto vd., 2021). Bitkilerin sabitlenebilmesi i¢in 1z-
gara sistemi bulunan bu tasarimlar dikdortgen seklinde sekiz
bolme icermektedir. YYA’larin tasariminda kullanilan mal-
zemelerin listesi Tablo 1’de gosterilmektedir.

Yapay Yiizen Adalarin Tasariminda Kullanilan Bitkiler

YYA sistemlerindeki bitki tiirleri, bitylime hiz1 ve kok tiirleri
gibi spesifik biyolojik ozellikleri nedeniyle farkli kirletici
uzaklastirma kapasitelerine sahiptir (Chang vd., 2017). Dogal
sularin trofik durumunu ortaya koyan organik kirleticiler
genellikle azot ve fosfordur. YYA teknolojisi i¢in kullanilan
bitkilerin de daha ¢ok bu kirleticiler i¢in etkinligi 6nem arz
etmektedir. Ortaya ¢ikan ¢ok sayida su bitkisi tiirli, dogada
yiizen adalar olusturma potansiyeline sahiptir ve bunlarin
cogu, su kalitesini iyilestirmek amaciyla kendi kendine
biiyiiyebilir (Chen vd., 2016). Scirpus validus’un kullanildig1
bir sistemde toplam azotun (TN) giderimi bagarili
bulunurken, Canna generalis kullanilan sistemde ise biiylik
Olciide nitrat azotu giderimi gorilmiistir (Zhang vd., 2014).
Bir bagka caligmada ise toplam fosfor (TP) ve TN giderimi
icin Ipomoea aquatica bitkisi kullanilmip YYA teknolojisi
onerilmistir (Chen vd., 2010). Tech-IA yiizer sistemlerle
Poaceae, Asteraceae, Cyperaceae, Iridaceae ve Thypaceae
ailelerine ait 28 farkl1 bitki tiirliniin biiyiime performanslari
ve uyarlanabilirligi incelenmistir (Alberto vd., 2021).
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YYA sistemlerinde kullanilan bitkilerin kokleri lifli veya
kalin olabilir (Lai vd., 2011). Kok gelisimi, bitki tiirti, bitki
yas1, besin konsantrasyonlari, suyun redoks kosullar ve baz1
durumlarda destekleyici hasirlar veya sallar gibi bir¢cok
faktorden etkilenir. Yagmur suyu aritimi iizerine yapilan bir
calismada, Carex dipsacea, Carex virgata, Cyperus ustilatus,
Eleocharis acutis ve Schoenoplectus tabernaemontani igin
ortalama kok uzunluklar1 24 ve 48 cm arasinda, Juncus
edgariae i¢in maksimum 87 cm olarak bildirilmistir (Tanner
& Headley, 2008). Farkli bitki tiirlerinin aragtirlldign bir
calismada Calamagrostis epigejos, Phragmites australis,
Typha latifolia ve Juncus maritimus’un kok gelisimleri
dikkat ¢ekmistir (Pavan vd., 2015). Bir baska ¢aligmada ise
benzen, metil tert-butil eter ve amonyum igeren bir kirli su
icin YYA tenolojisi uygulanmis ve P. australis'in kok
uzunlugu ¢ yil i¢inde 25 cm’ye ulagsmistir (Chen vd., 2012).
Literatiirde genellikle kullanilan bitkiler Tablo 1°de
gosterilmistir.

Yapay Yiizen Adalar ile ilgili Yapilms
Cahismalar

Laboratuvar Ol¢ekli Calismalar

Nakai vd. (2008) tarafindan yapilan bir ¢alismada YYA’lar
iizerinde kullanilan Afrika araroti (C. generalis) ve Japon
semsiyesi (Cyperus alternifolius) bitkilerinin anti-siyanobak-
teriyel alelokimyasallar1 serbest birakip birakmadigi incelen-
mistir. 3 anti-siyanobakteriyel fenolik bilesik (VA, PCA ve
GA), C. alternifolius'un alelopatik etkisine katkida buluna-
bilse dahi, bunlarin kiiltiir ¢6zeltisindeki goriinen miktarlars,
Micrococcus aeruginosa'min bliylime inhibisyonuna neden
olmak i¢in yeterli olmadig1 gézlenmistir. Pekin’de yapilan bir
baska ¢alismada ise YYA’lar i¢in dort farkl bitki kullanil-
mustir (Yao vd., 2011). Bunlar; S. validus, Lythrum salicaria,
Iris wilsonii ve Typha minima olarak belirlenmistir. Bitkilere
ait bliylime performanslari da incelenen ¢alismada en yiiksek
kok biiylimesini 7. minima gerceklestirmistir. Bitkilerin su
iizerindeki bilylimesi su altindakinden daha yiiksek bulun-
mustur. Kimyasal oksijen ihtiyaci (KOI) tiim gruplar icin net
bir egilim gostermese dahi 7. minima bulunan grupta zamana
bagl azalma gostermistir. TP, TN ve POy tiim gruplarda za-
mana bagli azalan trend gostermistir. Laboratuvar 6lgekli ya-
pilan diger bir ¢alismada iki adet geleneksel YYA sistemine
ek olarak iki adet gelistirilmis YYA sistemi kullanilmistir
(Kong vd., 2019). Geleneksel YYA sistemi PVC boru ile yiiz-
diiriilen kutu sistemlerinden olusurken gelistirilmis YYA sis-
temlerinin bitki yataklarini luffa slingeri ve misir kogani olus-
turmaktadir. Calisma sonunda bitki gelisimi agisindan en ¢ok
misir kogani kullanilan sistemdeki bitkilerin biiytlidiigii buna
karsilik geleneksel sistemdeki bitkilerin ise net bir gelisim
gostermedigi gézlenmistir. Ayrica su kalitesi incelendiginde
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gelistirilmis YYA’nin TP, TN ve nitrat gideriminin sirasiyla
%92,8, %90,3 ve %96 olarak geleneksel gruptan yiiksek ol-
dugu bildirilmistir. Cin’de Shahu Go6lii’nden alinan su numu-
nelerinin farkli seyreltme oranlar1 uygulanmasi ile elde edilen
farkli kirlilik konsantrasyonlarina sahip numuneler iizerinde
YYA teknolojisinin etkisi incelenmistir (Chen vd., 2020).
Ham gol suyuna ek olarak 5, 7 ve 9 kat seyreltilmis numune-
ler lizerinde /. aquatica’nin statik testi uygulanmistir. Toplam
60 giin siiren galigmanin sonunda YYA teknolojisinin TN
konsantrasyonunu anlamli derecede azalttig1 ve su kalitesini
iyilestirdigi gozlenirken su 1spanaginin bilylime performansi
da olumlu yonde etkilenmistir. Benzer bir ¢aligmada g6l suyu
ve musluk suyu karisimi olan bir 6trofik numune {izerinde
dort farkh siis bitkisi (Spathiphyllum floribundum, Hydro-
cotyle sibthorpioids, Chlorophytum comosum, Peperomia
obtusifolia) iceren YYA teknolojisinin etkisi incelenmistir
(Zhang vd., 2021). Sonuglar tiim siis bitkilerinin hayatta
kalma oranlarinin yiiksek oldugunu ve biyokiitlelerinin za-
mana gore arttigini gostermistir. Toplam organik karbon ve
amonyum giderim veriminin sirasiyla %85 ve %97 oldugu
belirtilmigtir. Bitkiler arasindaki giderim ve biiyiime perfor-
mansi incelendiginde ise H. sibthorpioids’in diger gruplara
gore daha faydali oldugu gozlenmistir.

Atiksular iizerine yapilan laboratuvar dlgekli bir ¢aligmada
yiiksek konsantrasyona sahip biyogaz ve diisiik konsantras-
yona sahip ¢okeltme havuzlarindan gelen atiksuyun ti¢ farkl
bitki (¢cavdar otu, hindiba ve tere) iceren YYA’lar ile aritimi
incelenmistir (Huang vd, 2021). Diisiik konsantrasyona sahip
atiksularin aritimi i¢in ¢avdar otu grubunun diger gruplara
gore daha yiiksek KOI, TN ve TP giderdigi gdzlenmistir.
Benzer sekilde yiiksek konsantrasyona sahip atiksu i¢in biyo-
lojik oksijen ihtiyac1 (BOI), KOI, TN ve bulaniklik ¢avdar
otu grubunda anlamli olarak daha diisiik bulunmustur. Bitki-
ler arasinda biiylime performansi incelendiginde ¢avdar otu-
nun hindiba ve tereye gore anlamli olarak daha iyi gelistigi
goriilmiistiir. Sonug olarak cavdar otu Y'Y A teknolojisi olarak
atiksularmn aritimi i¢in dikkat ¢ekicidir. Gliney Brezilya’da
yapilan bir bagka calismada ise mezozom Y Y A teknolojisinin
iiniversite atiksu kalitesini iyilestirme potansiyeli incelenmis-
tir (Bauer vd., 2021). Bitki olarak Typha domingensis kulla-
nildig1 yiizen adanin fizikokimyasal, besinsel ve agir metal
acgisindan etkileri arastirilmistir. Sonuglar YYA’nin giris
suyu ile karsilastirildiginda ¢ikis suyunda su kalitesini arttir-
digin1 gostermistir. Fakat TP ve ¢inko parametrelerinde ¢ikis
suyunda anlamli bir farklilik gézlenmemistir.

Pilot Ol¢ekli Calismalar

Tayvan’daki Lize G6li’nden alinan su ile doldurulan bir tank
ve lniversite yurdundan gelen atiksu ile doldurulan bir bagka
tank iizerine kurulan YYA sistemi icin su kalitesini temsil
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eden biyolojik indikator tiirler incelenmistir (Chang vd.,
2014a). Sonuglar YYA’larin su katmanlasmasini ve alg bii-
yiimesini 6nledigini ve suyun homojenlesmesine katki sagla-
digim gostermistir. Ayn1 gol ve atiksudan alinan benzer bir
calismada {i¢ aylik izleme sonucunda su kalitesi tizerindeki
etkiler incelenmistir (Chang vd; 2014b). YYA’lar gol suyu
i¢in iletkenligi %30 azaltirken, ¢6ziinmiis oksijeni (CO) 2,8
kat arttirmustir. Atik su iizerinde ise iletkenligi %34 azaltacak
ve CO’yu 982 kat arttiracak sekilde olumlu etki gostermistir.
Devamindaki ¢alismada ise YYA, gdl suyu ve atiksuda sira-
styla TNyi %66,6 ve %100; TP’yi %74.,4 ve %62,2; PO*ii
%64 ve %71; KOI'yi %100 ve askida kat1 maddeyi ise %80
ve %86 oraninda gidermistir (Lu vd., 2015). Su {irlinleri ¢ikis
sularmin iyilestirilme motivasyonu ile Brezilya’da yapilan
bir ¢aligmada tilapia yetistiricilik ¢ikis suyunun YYA ile ari-
tim1 hedeflenmistir (Osti vd., 2020). YY A {izerinde bitki ola-
rak Eichhornia crassipes kullanilmistir. Yar1 yogun yetistiri-
cilik yapilan balik kiiltiiriinden gelen atiksuyun TN ve TP
konsantrasyonlari iizerinde YYA sistemlerinin pozitif etkisi
dikkat ¢ekmistir.

Amonyum, nitrat ve nitrit giderimleri i¢in de YYA’larin et-
kisi dikkat gekmistir. Bir baska ¢alismada iki farkli su bitkisi
(L. salicaria ve I. wilsonii) kullanilarak 40 giinliik bir deneme
ile su kalitesi izlenmistir (Liu vd., 2016). Sonuglar, L. salica-
ria bulunan grubun KOI, TN ve TP i¢in sirastyla %75, %57
ve %71 giderim yaptigini, . wilsonii igin ise sirastyla %60,
%49 ve %58 giderim yaptigin1 gostermistir. Cin'in Yangc-
heng Goélii'nde Cin mitten yengecinin (Eriocheir sinensis)
yetistirilmesi sirasinda kirlilik kontroliinii ve yerinde biyore-
mediasyonu test etmek i¢in pilot 6lgekli bir calisma yapilmig-
tir (Ni vd., 2018). Bu ¢alismada YYA’lar ile birlikte su altina
inen biyolojik filtreler kombin edilmistir. Toplam bes farkli
su bitkisinin (L. salicaria, Thalia dealbata, Pontederia cor-
data, Iris tectorum, 1. wilsonii, ve Canna warscewiezii) bu-
lundugu iyilestirme bdlgesinde su kalitesi yetistirme bdlge-
sine gore hafif bir iyilesme gdstermistir. Biyofiltrede olusan
biyofilm, organik kirleticilerin ve azotun uzaklastirilmasinda
biiyiik rol oynamuistir.

Gergek Olgekli Calismalar

Cin’in Honghu Sehri’nde bulunan bir nehir {izerinde su kali-
tesini arttirmak i¢in yedi farkli bitkiden (Oenanthe javanica
(0), Gypsophila sp. (G), Rohdea japonica (R), Dracaena
sanderiana (D); shrubs: Gardenia jasminoides grandiflora
(Gg), Gardenia jasminoidesprostrata (Gp), ve Salix babylo-
nica (S)) olusan YYA teknolojisi uygulanmistir (Zhu vd.,
2011). 130 giinliik ¢aligmanin sonunda bu tiirler arasinda bit-
kilerin kuru agirliklart sirasiyla S>G>0>D>Gg>Gp>R sek-
linde olmustur. Bitki gbvdesindeki N konsantrasyonu igin
O0>D>G>Gp>S>R>Gg ve P konsantrasyonu igin ise R>

Gp>0>Gg>G>S>D gibi bir iligki gozlenmistir. Bitki biyo-
kiitle artis1 ile N ve P birikimleri arasinda pozitif dogrusal bir
iliski gozlenmistir. Bu durum bitki hasatinin su igerisindeki
N ve P yiikiinii azaltan bir gostergedir. Benzer sekilde Cin’de
Taizhou Universitesi tarafindan gerceklestirilen bir calisma
ile bes farkli su bitkisini (C. generalis, S. validus, Alternant-
hera philoxeroides, C. alternifolius ve Thalia geniculata) ige-
ren on bes YYA kurulmustur (Zhang vd., 2014). Sirasiyla 4.
philoxeroides veya C. alternifolius ekilen YYA’larda BOIs,
KOI, TP ve amonyumun daha fazla uzaklastirildig1 gozlen-
mistir. S. validus ekilen adalarda, TN nin ve C. generalis eki-
len adada ise nitratin biiyiik 6l¢iide uzaklastirildigr bildiril-
mistir. Hindistan’da bulunan Khipra Nehri iizerinde kurulan
YYA’ nin toplam kat1 (TS), amonyum, nitrat ve BOI iizerine
etkileri incelenmistir (Billore vd., 2009). 200 m> YYA iize-
rine bolge i¢in yerel bir bitki olan Phragmites karka dikilmi-
sir. Calismanin sonunda TS i¢in %55-60, amonyum igin
%45-55, nitrat icin %33-45 ve BOI i¢in ise %40-50 arasinda
iyilesme oldugu bildirilmistir. Ayn1 nehir izerinde benzer bir
senaryo ile kurulan bir bagka ¢alisma daha gerceklestirilmis-
tir (Prashant ve Billore, 2020). Calismanin sonunda YYA tek-
nolojisinin TS’yi %46, bulanikligi %51, toplam Kjeldahl azo-
tunu %37 ve BOI’yi %39 iyilestirdigi gdzlenmistir. Ayrica
YYA, su igerisinde bulunan makro omurgasizlar i¢in ilave
yiizen bir nis olusturmustur. Hindistan’1in Mula ve Mutha ne-
hirleri bolgede bulunan aritima tabi tutulmamus atiklarin de-
sarj noktasidir (Kamble ve Patil, 2012). Bu kirliligin 6niine
gecilebilmesi i¢in siirdiiriilebilir bir teknoloji olan YYA’lar
onerilmigtir.

Brezilya’da bulunan bir iiniversitenin 400 m?’lik kentsel re-
zervuarinda gergeklestirilen ¢alismada ti¢ farkli YYA (32,5
m?, 4,7 m? ve 40 m?) sistemi kurulmustur (Rocha vd., 2021).
Gegici olarak bulaniklik, elektriksel iletkenlik ve toplam, sa-
bit ve ugucu ¢oziinmiis katilar azalma egilimi gostermistir.
Calisma alani tizerindeki 13 6rnekleme noktas: dikkate alin-
diginda toplam ¢6ziinmiis katilarda, ugucu ¢oziinmiis kati-
larda ve elektriksel iletkenlikte azalma gdzlenmistir. Ek ola-
rak KOI ve TP gibi istatistiksel egilimleri gdstermeyen degis-
kenlerde ara sira Onemli azalmalar gorilmiistiir. Endo-
nezya’da Maninjau Go6lii’nde bulunan bir ag kafes yetistirici-
lik sisteminden gole karigan organik kirlilik yiikiinii azaltmak
icin YYA teknolojisi uygulanmistir (Henny vd., 2020). Echi-
nodorus palaefolius bitkisi bulunan YYA sisteminin organik
kirlilik ve klorofil-a konsantrasyonunu azalttig1 tespit edil-
mistir. Mevcut ¢alismada YYA teknolojisinin Gtrofikasyon
potansiyelini azaltan bir dogal aritim stratejisi oldugu belir-
tilmistir.

381


https://doi.org/10.3153/AR21032

382

Aquat Res 4(4), 376-394 (2021) e https://doi.org/10.3153/AR21032

Tiirkiye’deki Dogal Su Kaynaklar: Icin YYA
Potansiyeli

Kiiresel iklim degisikligi diinya genelinde su kiitlelerini
olumsuz etkilerken kullanilabilir su kaynaklarmin kirlilik yii-
kiini de arttirmaktadir. Azalan su miktar1 nedeniyle giincel
olarak Tirkiye’de kisi basina diisen yillik su miktar1 1.519
m?’tiir. Yillara gore azalan su miktar1 ile Tiirkiye, mevcut do-
nem igerisinde “su azlig1” ¢eken bir iilke konumuna gelmis
ve ilerleyen siireglerde ise “su kitligi” ¢ekme potansiyeline
sahiptir (Aksay vd., 2005). Toplam 25 su havzas1 bulunan
Tiirkiye’nin 2 tanesi (Firat ve Dicle) toplam su akis hizinin
%30’unu olusturmaktadir (Akiiziim vd., 2010). Bu dengesiz
su dagilimi sonucu su problemi ¢eken diger bolgelerde dogal
su kaynaklarinin kirlilik kontrolii dikkat ¢ekmektedir. Bu
amaglar yenilik¢i, stirdiiriilebilir, ekonomik ve ekolojik dogal
aritim sistemleri gelistirilmelidir.

Kullanilabilir dogal su kaynaklari igerisinde dnemli bir paya
sahip goller siirekli akimli tam karisimli reaktorlerdir. Gol-
lerde evsel atik sularin desarji, tarimsal arazilerden gelen yii-
zeysel sular ve hayvancilik gibi antropojenik faaliyetler so-
nucu dtrofikasyon olusmaktadir (Jeppesen vd., 1998). Otrofi-
kasyon, su kalitesini olumsuz etkilerken suda yasayan canli-
larinin ve su kuslarmin yok olmasma neden olmaktadir
(Schefter vd., 1993). Ciinkii 6trofikasyon suyun bulanikligini
arttirirken 151k gegirgenligi ve ¢Oziinmiis oksijen miktarini
azaltmaktadir. Bir su ortaminin 6trofikasyon agisindan ele
almmasi i¢in dncelikle trofik durumun tespit edilmesi gerek-
lidir (Topkara, 2011). Trofik durum indeksini belirlemek i¢in,
ii¢ indeks degiskeni (secchi diski, klorofil-a ve toplam fosfor)
arasindaki iliskiler kullanilir. Bu faktdrler dogrultusunda gol-
lere ait trofik durum oligotrofik, mezotrofik, 6trofik veya hi-
perdtrofik  seklinde  simiflandirilmaktadir  (Carlson  ve
Simpson, 1996). Ek olarak su kaynagi i¢erisinde bulunan fi-
toplankton ve zooplankton kompozisyonlar: takip edilerek
trofik durum aciklanabilir.

A grubu sulak alan ve SIT alam1 kapsaminda Tiirkiye’nin en
biiyiik tatli su kaynagi olan Beysehir Golii iizerinde iki farkli
donemde trofik durum belirleme ¢alismasi yapilmistir. Tiir-
kiye i¢in oldukg¢a &nemli bir tatli su kaynagi olan Beysehir
Goli icin 1985-1986 yillar arasinda yapilan 6lgiimler sonucu
goliin oligotrofik yapida oldugu ve igme suyu veya su {iriin-
leri agisindan temiz ve uygun oldugu tespit edilmistir
(Altindag ve Yigit, 2004). Fakat 2007 yilinda yapilan Ankara
Universitesi tarafindan gergeklestirilen bir proje dogrultu-
sunda 0,40 ila 6,43 mg/L arasinda degisen fitoplankton biyo-
kiitlesine dayanarak goliin mezotrofik yapida oldugu sonu-
cuna ulasilmistir (Demir, 2008). Buradan yola ¢ikarak za-
mana bagli gol kalitesinin bozuldugu, yeniden yapilacak ¢a-
lismalar ile trofik durumun takip edilmesi gerektigi dikkat
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cekmektedir. Goller bolgesinde yer alan ve Tiirkiye nin ikinci
en biiylik tath su golii olan Egirdir golii izerinde trofik duru-
mun incelenmesi adina yapilmig ¢aligmalar mevcuttur (Sener
vd., 2010; Cicek vd., 2017; Bulut ve Kubilay, 2018). Egirdir
g0lli igme suyu, tarim arazilerinde sulama suyu, turizm ve
rekreasyon olmak tizere farkli amaglarla kullanilan oldukga
o6nemli bir tath su kaynagidir. Bundan dolay1 gol iizerinde
farkli donemlerde yapilan trofik durum incelemesi daha da
dikkat ¢ekmektedir. Sener vd. (2010) tarafindan yapilan ¢a-
lismada goliin %47°lik bir boliimiiniin 6trofik oldugu gézlen-
mistir. Fitoplankton taksonlari ile yapilan diger ¢calismada ise
su kalitesinin iyi oldugu gozlenmesine ragmen N ve P baki-
mindan zengin gollerde yasayan taksonlarin olmasi bentik
tizerinde bir yogunluk olabilecegini diisiindiirtmektedir
(Cicek vd., 2017). Goliin oligotrofik dzellikte oldugu belir-
lenmis olmasina ragmen c¢esitli degiskenler igin mezotrofik
diizeyde oldugu da belirtilmistir. Bulut ve Kubilay, (2018)
tarafindan yapilan ¢alismada, Egirdir Golii’nde TP, seki disk
derinligi, klorofil-a ve TN analizleri yapilmistir. Caligmanin
sonuglart Egirdir Golii’niin trofik durumunun Yeriistii Su Ka-
litesi Yonetimi Yonetmeligi ve OECD trofik indekslerine
gdre mezotrofik karakterde oldugunu gostermistir. icme suyu
kaynagi olan Egirdir Goli’ndeki azot ve fosfor diizeylerinin
giiniimiizde normal seviyelerinde seyrediyor olmasina rag-
men ileriki siireclerde dikkatle takip edilmesi gerekmektedir
(Bulut ve Kubilay, 2019). Tiirkiye’nin énemli bir milli parki
olan Abant Golii heyelan sonucu olusan dogal bir set gdliidiir
(Tosun, 2014). Y1l icerisinde ¢ok fazla ziyaretci alan Abant
Goli’nde tespit edilen bentik makroomurgasiz faunasinda 6t-
rofik gollerde bulunan indikator tiirlere rastlanmistir
(Tereshenko, 2019). Goliin genel trofik durumunun mezotro-
fik oldugu belirlenmistir. Tiirkiye’deki bir¢ok gol i¢in yapil-
mig trofik durum belirlenmesi ¢aligmalar1 Tablo 2’de gdste-
rilmektedir.

Tablo 2’ye gore Tiirkiye’de bulunan ve mevcut ¢alisma ige-
risinde incelenen gol, golet ve baraj gollerinin yaklagin
%3541 hipertorfik, 6trofik veya 6trofik olma durumu igerisin-
dedir. Gollerin yaklasik olarak %22’si oligotrofik karaktere
sahiptir. Genel anlamda gollerdeki bu yiiksek organik nit-
riient birikimi, 6trofikasyon olusumuna sebep olabilir. Bu
olumsuz sartlarin olugmasini 6nlemek i¢in siirdiiriilebilir,
ekonomik ve ekolojik ¢6ziim Onerileri gerekmektedir. Bu
amacla agronomik ve miihendislik teknolojisi olan YYA’la-
rin kullanilmasi, otrofikasyon potansiyeline sahip gollerin
iyilestirilmesine destek saglayacaktir.
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Tablo 1. YY A caligmalarinda ¢ogunlukla kullanilan malzeme ve bitkiler (Alberto vd., 2021)
Table 1. Materials and plants mostly used in the AFI studies (Alberto vd., 2021)

Yiizen Mat Yiizen Plastik Malzeme | PVC Borular PO heﬁ.tllf n Bambu Strafor Kopiik Tech-IA BioHaven
Cayir/Sazhk Yiizdiiriicii
Saeed vd. (2014); Zhang vd. Hartshorn vd. (2016);
Canna spp.. Sun vd. (2009) Chang vd. (2012) | 715 vd. (2012) (2016) Zhao vd. (2012) | e ve Cousins (2013)
Ladislas vd. de Stefani vd.
Van de Moortel, . (2013); Van (2011; Pappalardo | L20mer ve
Carex spp. Borne vd. (2014) (2011); Van De Winston vd. (2013) Acker vd 4. (2017): Wi Headley
Moortel vd. (2010) exer vd. vd. (2017); Winston | ¢,
(2005) vd. (2013)
Barco ve Borin
(2020); De Stefani
Dris mseud z;‘g} f)e “\/,I;’r‘l’rlgeel Van Acker vd. Hartshorn vd. (2016); (2012): Mietto vd.
1S pseudacorus Moorfel vd. (2010) (2005) Keizer-Vlek vd. (2014) | (2013); Pappalardo
oortet ve. vd. (2017); Pavan
vd. (2015)
Chang vd. (2012); Ebrahimi, (2015); de Stefani vd
J Van de Moortel, Hubbard vd. (2004); Ladislas vd. Hartshorn vd. (2016); (2601 le ) P '1 4 Chang vd.
uncus effusus (2011); Van De Winston vd. (2013) | (2013) White ve Cousins, (2013); | 74" 1) 7§‘ppa ardo | 2013)
Moortel vd. (2010) Winston vd. (2013) Ve
Lolium spp. Livd. (2012) Xian vd. (2010)
L Van De Moortel vd. Pappalardo vd.
Lythrum salicaria (2010) 2017)
Mikroplar (Sztg\(z)vg)rt vd.
Oenanthe javanica Zhou ve Wang Yang vd. (2008)
(2010)
) Barco ve Borin,
Garbett, (2005); _ (2020): de Stefani
Rehman vd. Lakatos vd. Tara vd. (2019); vd. (2011); D
Phragmites australis | (2018); Saleem (2014), (1997); Revitt vd. (1997) Saeed vd. (2014) Van Acker vd. St 'f . (26126)_
vd. (2019) Revitt vd. (2001); (2005) Mfeftr(‘;’v 0. (2013):
Richter, (2004) Pavan vd. (2015)
Phragmites karka Billore vd. (2008) Billore vd.
& : (2008)
. Winston vd. (2013); Winston vd. Chang vd.
Pontederia cordata Zhao vd. (2012) Zhao vd. (2012) 2013) 2013)
Shahid vd. de Stefani vd.
Boutwell, (2002); (2019; Van . (2011); De Stefani,
Typha spp. Di Luca vd. (2019) | Hubbard vd. (2004) 1, 4 o7 0q Keizer-Viek vd. (2014) 1 5915). pavan vd.
(2005) (2015)

Vetiveria zizanioides

Zhao, Yang,vd.
(2012)

Boonsong ve Chansiri
(2008)
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Tablo 2. Tiirkiye’de trofik durum ¢aligmasi yapilan gol, gélet ve baraj golleri

Table 2. Lakes, ponds and dam lakes for which trophic state studies were conducted in Turkey
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Gol Metot Trofik Durum Referans
Sarimsakli Baraj Goli  Carlson Trofik Indeks Otrofik Sezen (2008)
Kemer Baraj Goli Carlson Trofik Indeks Mezotrofik Ozyalin ve Ustaoglu (2008)
Sarimsakli Baraj Golii ~ Seki Disk, Zooplankton Kompozisyonu Otrofik Aydin ve Ahiska (2009)
Kralkiz1 Baraj Golii Oligomezotrofik
Dicle Baraj Golii Carlson Trofik Indeks Oligomezotrofik Varol (2010)
Batman Baraj Géli Mezotrofik-Otrofik
Ugpinar Baraj Goli Zooplankton Kompozisyonu Otrofik Ertosun vd. (2010)
Afsar Baraj Golii Carlson Trofik Indeks Otrofik Ayvaz vd. (2011)
Almus Goli Toplam P, Seki Disk Mezotrofik Polat ve Ozmen (2011)
Cambas1 Goleti Carlson Trofik 1ndeks Oligomezotrofik Topkara (2011)
Gaga Golu Carlson Trofik Indeks Oligomezotrofik Tas (2011)
Karamuk Go6li Seki Disk Hipertrofik Kivrak (2011)
Iznik Gélii Zooplankton Kompozisyonu Oligotrofik Apaydin Yagci ve Ustaoglu (2012)
Yenigaga Golii Zooplankton Kompozisyonu Otrofik Dover (2012)
Cernek Golii Zooplankton Kompozisyonu Otrofik Can ve Tas (2012)
Biiyiik Akgol Goli Fitoplankton Kompozisyonu Hipertrofik Sahin vd. (2013)
Isiktepe Baraj Goli Toplam P Otrofik Kiigiikyilmaz vd. (2014)
Kiigiik Lota Goli Fitoplankton Kompozisyonu Oligotrofik Kasaka (2014)
Siiloglu Baraj Goli Zooplankton Kompozisyonu Oligomezotrofik Giiher ve Colak (2015)
Bayindir Baraj Goli Carlson Trofik Indeks Otrofik Erdogan (2015)
Burdur Géli Carlson Trofik Indeks Otrofik Kocasari vd. (2015)
Sakligol Goli
Gokceova Goleti . . . . <

L Fitoplankton Kompozisyonu Oligotrofik Sémek ve Ustaoglu (2016)
Kartal Golii
Karagol Goli
Demirkdprii Baraj Golii  Carlson Trofik Indeks Otrofik-Hipertrofik ~ Erdogus (2016)
Kovada Golii Trofik Seviye Siniflamasi Otrofik Sener ve Sener (2016)
Ikizdere Baraj Golii Toplam P, Seki Disk, Fitoplankton Kompozisyonu  Oligomezotrofik Akar (2017)
Cernek Goli Carlson Trofik Indeks Otrofik Ciice ve Bakan (2017)
Uzungayir Baraj Golii ~ Carlson Trofik Indeks Oligotrofik Kutlu vd. (2017)
Cig Gola Carlson Trofik Indeks Mezo-6trofik Karakaya (2018)
Tasmanli Goleti Gol Trofik Diatom Indeksi Otrofik Giimiis ve Géniilol (2018)
Ulugél Gélii Carlson Trofik Indeks Mezotrofik-Otrofik ~ Tas vd. (2018)
Mamasin Baraj Golii Carlson Trofik Indeks Hipertrofik Isik (2018)
Karkamig Baraj Golii Carlson Trofik Indeks Mezotrofik Tepe vd. (2018)
Suat Ugurlu Baraj Golii ~ Carlson Trofik Indeks Otrofik Orak (2019)
Balik Golii Carlson Trofik Indeks Hipertrofik Ariman ve Koyuncu (2019)
znik Goli Carlson Trofik indeks Mezotrofik Ozbayram vd. (2020)
Manyas Goli Hipertrofik
Karagol Goli Carlson Trofik Indeks Oligotrofik Tas ve Hamzagelebi (2020)
Dedeyolu Goleti Zooplankton Kompozisyonu Oligotrofik Saler (2020)
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Diinya iizerindeki tiim canlilar i¢in en temel ihtiyaglardan biri
olan kullanilabilir su kaynaklar1 birgok dogal ve antropojenik
nedenlerden dolay1 kirlenmektedir. Artan diinya niifusu ve
kiiresel iklim degisikligi, su kaynaklarimin azalmasma ve
buna bagli olarak kirlilik yiiklerinin artmasina neden olmak-
tadir. Diinya genelinde bu problemlerin iistesinden gelecek
yenilik¢i ve siirdiiriilebilir ¢éziim 6nerileri aranmaktadir. Bu
kapsamda incelenen yapay ylizen ada teknolojisi organik
atiklarm su bitkileri tarafindan kullanildigr bir fitoremedas-
yon teknigidir. YY A teknolojisi sadece su igerisindeki orga-
nik atiklarin tiiketimi degil ayn1 zamanda su ortaminda dogal
yasam alani olusturma, gorsel zenginlik kazandirma ve kiy1
seridini koruma gibi farkli biyolojik ve fiziksel avantajlara da
sahiptir. Tiim bu avantajlar1 dikkate almdiginda literatiirde
bulunan bir¢ok laboratuvar, pilot ve gercek dlgekli uygula-
mast ile faydali sonuglar gosterdigi tespit edilmistir. Genel
olarak incelendiginde laboratuvar ve pilot 6lgekli ¢aligmala-
rin, gergek Olcekli galigmalara gore daha fazla oldugu gozlen-
mistir. Ilerleyen dénemlerde bilimsel anlamda gergek Slcekli
caligmalara yogunlagilmasi gerektigi dikkat ¢ekmektedir.

Sonug¢

Tiirkiye {i¢ tarafi denizlerle ¢evrili ve dogal su kaynaklarmin
bulundugu bir lilke olmasina ragmen gelecekte su kitligi
¢cekme riski ile kars1 karsiyadir. Bu riski minimum seviyeye
indirmek i¢in dncelikle mevcut su kaynaklarinin korunmasi
ve yerinde aritilmasi gerekmektedir. Mevcut ¢alismada da
gosterildigi gibi Tirkiye’de bulunan gol, gélet ve baraj gol-
lerinin bityiik bir bdliimiiniin trofik durumu hipertrofik, 6tro-
fik ve 6trofik olma yolundadir. Bu kapsamda dogal sulardaki
organik yiikiin azaltilmasi i¢in biyoteknolojik ¢aligmalara ih-
tiyag vardir. Bu ¢aligmada su kalitesini iyilestirmek igin yurt
disinda birgok 6rnegi bulunan YYA teknolojisi onerilmistir.
Gergek Olcekli ¢aligmalar incelendiginde genellikle Cin ve
Hindistan gibi niifus yogunlugunun fazla oldugu iilkelerde
yapildig1 goriilmektedir. Bunun temel sebebi insan kaynakli
etkiler sonucunda dogal sularin direkt ya da dolayli olarak
kirletilmesi ve kiiresel iklim degisikliginden kaynakl1 kulla-
nilabilir su kaynaklarinin azalmasidir. Tiirkiye’nin gelecek
projeksiyonu, trofik durumu koétiiye giden dogal su kaynakla-
rinin iyilestirilmesine odaklanacaktir. Bu kapsamda YYA
teknolojisinin daha kii¢iik su kiitleleri olan goletler iizerinde
pilot ve gercek olcekli olarak aragtirilmasi 6nem arz edecek-
tir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar herhangi bir ¢ikar ¢atismasinin olmadi-
gini1 beyan eder.

Etik kurul izni: Yazarlar, bu ¢alismanin etik izin gerektirmedi-
gini beyan etmislerdir.

Finansal destek: -
Tesekkiir: -
Aciklama: -
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