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This study was carried out to reveal bacterial contamination and antibiotic
resistance profiles of isolated bacteria in the hatchery systems of trout farms
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located in the Eastern Black Sea region of Turkey. Inlet water, egg, alevin and fry Received ~ :18.11.2020 E E
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Lelliottia sp., Bacillus sp. and Lactococcus lactis were isolated from hatchery
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resistance of bacteria was against Ampicillin. The lowest antibiotic resistance
percentages were determined against gentamicin and enrofloxacin. As a result of
the research, the detection of different bacteria in the samples taken from the inlet
water of fish farms showed presence of different bacteria contaminating the
hatchery water. It thereby stressed the need for improved hygiene measures in
these farms.
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Tiirkiye'nin Dogu Karadeniz Bolgesinde Bulunan Baz1 Alabalik Ciftliklerinin Kuluckahanelerinde Bakteri
Kontaminasyonu ve Bakterilerin Antibiyotik Direncinin Belirlenmesi

Oz: Bu ¢alisma, Tiirkiye'nin Dogu Karadeniz bblgesinde bulunan alabalik ¢iftliklerinin kulugkahane sistemlerinden izole edilen
bakterilerin kontaminasyonu ve antibiyotik direng¢ profillerini ortaya ¢ikarmak igin yapilmistir. 11 farkli alabalik ¢iftliginin giris
suyu, yumurta, alevin ve yavru érnekleri, dort farkli havzada bakteriyel kontaminasyon agisindan incelenmistir. Orneklemeden
sonra izole edilen bakteriler fenotipik ve genotipik analizler yapilarak teshis edilmistir. Toplam 43 susun ¢ogunlugu Aeromonas ve
Pseudomonas cinsinlerine aittir, fakat ayn1 zamanda Lelliottia sp., Bacillus sp. ve Lactococcus lactis, kulugka sistemlerinden izole
edilmigtir. 2. havza harig tiim havzalara bakildiginda bakterilerin en yiiksek antibiyotik direnci Ampisiline karsi olmustur. En diisiik
antibiyotik direng yiizdeleri gentamisin ve enrofloksasine karsi belirlenmistir. Arastirma sonucunda, balik ciftliklerinin giris
sularindan alinan 6rneklerde farkli bakterilerin tespiti, kulugkahane suyunu farkli bakterilerin kontamine ettigini gdstermistir.
Boylelikle bu giftliklerde hijyen dnlemlerinin iyilestirilmesi ihtiyact belirlenmistir.
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Introduction

The trout farming in Turkey was grown rapidly
due to the technical and scientific advances occurred
in the aquaculture and increased demand.
Nowadays, trout farming can be done in land-based
concrete and soil pools, as well as in net cages
in sea, dams, lakes, and ponds. In Turkey, the
rainbow trout (Oncorhynchus mykiss), the brook

trout (Salvelinus fontinalis) and the Black Sea trout
(Salmo sp.) are widely grown species. The trout
production was approximately 44.553 tonnes in the
year 2000 but reached about 109.657 tonnes in 2017,
increasing the amount of production more than a
hundred percent in 17 years. It takes place on the first
with the largest production among the cultivated
species in Turkey (Giin and Kizak 2019).
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Rize is located in the Eastern Black Sea Region
of Turkey (Figure 1). The most prominent livelihood
of the city is tea agriculture and agricultural products.
Besides agriculture, fishing has an important place in
the city due to the city's seashore. Rize has a

mountainous structure covered with the forest areas.
Therefore, the annual average of areal precipitation
in the region is higher than the country average and
because of these reasons; Rize is also an affluent city
in water resources (Gedik et al. 2010).
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Figure 1. Study area, four different basins and antibiotic resistances of the bacteria (%). Ampicillin (AM, 10ug),
gentamicin (CN, 10 ug), oxytetracycline (T, 30 pg), amoxicillin/clavulanic acid (AMC,10pg), enrofloxacin (ENR, 5ug),
trimethoprim/sulfamethoxazole (TMP-SMZ, 25ug), florfenicol (FFC, 30ug), sulfamethoxazole (SMZ, 25ug) and

erythromycin (E, 15ug).

In this context, it is known that there are 40
registered fish farming facilities in Rize, 34 of which
have hatcheries. Some of these farms have
impossibilities arising from small production
capacities, lack of technical staff and some of them
are family businesses. For these reasons, proper
disinfection cannot be performed during the
fertilization and incubation periods of the fish eggs.
Although the failure to carry out disinfection
processes in hatcheries is not considered an economic
loss by the owners, this situation will cause economic
damage to the business regarding the future mass
losses. Moreover, disinfection must be carried out
since it is known that it may affect other facilities
producing in the same source and biome in the water
source (Kayis 2019).

Common pathogens in trout incubation systems
are viruses (IPNV, VHSV) (Isidan 2006; Yilmaz et
al. 2011), fungi (Saprolegnia sp. and Saprolegnia
parasitica) (Ural et al. 2011), usually

protozoan parasites (Ichthyophthirius multifilis,

Trichodina sp., Ichthyobodo necator, etc.)
(Balta et al. 2008), and bacterial pathogens
(Flavobacterium  psychrophilum, Renibacterium
salmoninarum, Aeromonas hydrophila,

Pseudomonas spp., Yersinia ruckeri, Lactococcus
garviae). Flavobacterium psychrophilum and
R. salmoninarum have been reported as bacteria
isolated from hatchery systems (Evelyn et al. 1986;
Brown 1997). However, experimental studies have
been conducted with A. hydrophila, Pseudomonas
spp. and Y. ruckeri, various diseases have been
reported in the contamination of these bacteria with
eggs. Kayis et al. (2014) have provided
contamination to the healthy trout eggs of the
mentioned bacteria and reported that Pseudomonas
species caused sac deformations and L. garviae
caused haemorrhages in the alevins and juveniles. In
another study in which A. hydrophila was
contaminated with eggs belonging to O. mykiss and
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S. fontinalis, pathogenicity was investigated from the
egg stage to the larval stage. In the study,
A. hydrophila was reported to cause of blue sac
disease and severe mortality in fish (Kayis et al.
2015).

Materials and Methods

In this study, a total of 5 samplings were carried
out between November 2016 and April 2017 from 11
different trout farms in Rize. Egg, alevin and
fry individuals of 3 different trout taxa sampled
(O. mykiss, Salmo sp. and S. fontinalis) and the inlet
water samples of these farms were used. For this
purpose, different fish farms in four different basins
were selected in Rize. The locations of the farms in
the basins are given in Figure 1.

Sterilized 10 ml of glass tubes were used for
water samples. At the same time, eggs, alevin and fry
samples were sampled with 10 ml sterile glass tubes
in each farm. The water temperatures and pH values
of each farm sampled were recorded (Isolab portable
pH and temperature measuring device). In the
samples, Tryptic Soy Broth (TSB) and Tryptic Soy
Agar (TSA) (Merck) were used as a medium to detect
the presence of bacteria, and Anacker Ordal Broth
(AOB) medium was used to detect bacteria of the
genus Flavobacterium. Also, Glutamate Starch
Phenol Red (GSP) Agar was used to distinguish
bacteria belonging to the genus Aeromonas and
Pseudomonas (Austin and Austin 2007).

All of the samples obtained from the farms were
cultured in TSB and AOB media to determine
bacterial contamination. Then, TSA medium was
used to purify cultures (Lasee 1995). Also, TSA
medium was used mostly for the primary cultivation
of alevin and fry samples.

The colony shape and colours of bacteria were
examined with Gram staining, motility, oxidase, and
catalase tests. Colonies forming yellow and purple
colours in GSP Agar were considered to be
Aeromonas and  Pseudomonas,  respectively
(Cappuccino and Sherman 1992). Hence, an
antibiogram test was performed to determine the
antibiotic resistance and sensitivity of the isolated
bacteria. The pure cultures obtained were stored in
tubes containing glycerol at -80°C.

Isolated Gram-negative bacteria were cultured
in TSB medium for DNA isolation and
centrifuged at 3800 x g for 6 minutes.
100 pl of distilled water was added to the pelleted
part in the Eppendorf tubes and boiled for 10 minutes
at 100°C. Then after, it was centrifuged at
10000 x g for 2 minutes, and the supernatant was
stocked at -20°C. For Gram-positive bacteria, DNA
isolation kit (Qiagen, Netherlands) was used. The

specific universal primers (27 F 5 'AGA GTT TGA
TCC TGG CTC AG-3', 1492 R 5 'GTT TAC CTT
GTT ACG ACT T-3") were used for the 16S rRNA
region, for the genetic identification of bacteria. As a
result of the PCR process, the 1465-bp-length
products obtained were purified with the NucleoSpin
PCR purification kit (Macherey-Nagel) and sent to
the sequence (ABI PRISM 310 genetic analyzer,
Applied Biosystems). The results were compared
with the sequences available in the National Center
for Biotechnology Information (NCBI).

Different antibiotics including ampicillin
(AM, 10pg), gentamicin (CN, 10 pg),
oxytetracycline (T, 30 pg), amoxicillin/clavulanic
acid (AMC,10ug), enrofloxacin (ENR, 5pug),
trimethoprim/sulfamethoxazole ~ (STX,  25ug),
florfenicol (FFC, 30pg), sulfamethoxazole (SMZ,
25pug) and erythromycin (E, 15ug) were used for
determination of the bacterial resistances.
Determination of the antibiotic resistance, bacteria
inoculated on TSA medium. After then, the colonies
on the TSA medium transferred to Mueller Hinton
Agar medium. The density of the bacteria was
determined as the McFarland 0.5 standard. All
process was carried out aseptically according to
Clinical and Laboratory Standards Institute (CLSI
2018) guidelines. Antibiotic discs placed on the
medium with bacteria and the plates were incubated
at 22 +2°C for 18-36 h. The resulting zone diameters
were recorded as resistant (R) or sensitive (S),
according to CLSI (2018) directive.

Results

The bacterial species identified after cultured
from the samples taken from the farms were given in
Table 1. Bacteria belonging to the genus Aeromonas
and Pseudomonas were generally found in the inlet
waters of the farms. Lelliottia spp. were only isolated
from one farm. No Flavobacterium spp. were found
in any fish farms. It was observed that bacteria
isolation was highest in fry individuals (16 strains).
The total number of bacteria isolated was recorded as
43, consisting of intake water (9 strains) and eyed
eggs (8 strains), fertilised eggs (6 strains) and
alevin (4).

When examined on basin basis, pH values
average I, Il, 1l and IV were measured as 6.79,
5.8, 6.2, and 6.29, respectively. In the first basin,
the lowest pH value was recorded in the farm (1)
with 5.7, while the highest value was recorded in
the farm (e) with 7.2. In the basin, average
temperature value was measured as 9.01°C. The only
farm in the 2nd basin, the water temperature was 5°C,
and the pH value was 5.8. The average water
temperature and pH values of the farms in the 3rd
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basin were recorded as 6.2 and 10.5°C, respectively.
In the farm located in the last basin, the water

temperature was recorded as 10°C and the pH value
was 6.29.

Table 1. Isolated bacteria and their hosts/samples. (B) basin, (F) farm, (IW) inlet water, (FE) fertilised egg,

(EE) eyed egg.
B F Bacteria Fish/Samples W FE EE Alevin
Mm a Lelliottia sp.t Water +
Pseudomonas sp.? Salmo sp. +
Aeromonas tecta® Salmo sp.
Aeromonas sobria #2P O. mykiss/Salmo sp.
Shewanella sp.® Salmo sp.
d Aeromonas sobria® O. mykiss +
Salmo sp. +
S. fontinalis +
e Pseudomonas sp.’ O. mykiss + +
Pseudomonas fluorescens® O. myksis
Aeromonas sp.’ O. mykiss +
Aeromonas sobria'® 0. myksis
Aeromonas hydrophila'! Water +
f Aeromonas encheleia'? Salmo sp. +
Pseudomonas sp." O. mykiss/Salmo sp
g Pseudomonas sp.'* Salmo sp. + +
Aeromonas encheleia'® Water +
Aeromonas sp.'¢ Salmo sp.
1 Aeromonas sobrial’ Water +
Pseudomonas sp.'® +
k Aeromonas hydrophila'®*® Water/O. mykiss +
Salmo sp.
Aeromonas encheleia® +
Bacillus sp.?! Salmo sp.
(am b Aeromonas tecta?? O. mykiss +
Pseudomonas sp.% S. fontinalis/Q. ++
myksis
Aeromonas tecta®* Salmo sp. +
Lactococcus lactis?® 0. mykiss +
(ty h Aeromonas sp.?® O. mykiss/Water +
Arthrobacter sp.”’ 0. mykiss
j Aeromonas tecta®® Water +
Pseudomonas sp.”’ O. mykiss
) ¢ Aeromonas hydrophila® Salmo sp. +
Pseudomonas fluorescens®! O. mykiss +
Enterobacteriaceae bacterium O. mykiss +

Accession number of the bacteria; 'W295477, 2MW295473, 3MW295469, ““MT730017, *MT730018, *Shewanella sp.,
5MW295496, "MW295465, 8MW295475, ‘MW295494, 1'MW295496, TMW295479, 2MW295468, 3MW295473,
14MW295475, 1°MW?295485, 18MW?295489, 1'MW295496, 18BMW295488, 1%MT 730015, 1*MT730015, 2°MW295486,
AMW295490, 2MW?295467, 22MW295465, *MW295467, °MW295471, 2MW295482, 2’MW295493, 2MW295484,

PMW295492, 3°MT 730013, $MW295475, 32MW295476.

The gas problem was observed in O. mykiss fry
infected with A. sobria bacteria taken from samples
belonging to the one farm (farm a). Also, deformities
were found in the individuals of the same fish species
infected with Pseudomonas sp. (Figure 2).

Considering all basins, except for the

2nd basin, the highest antibiotic resistance
of bacteria was against Ampicillin. The lowest
antibiotic resistance percentages were determined
against gentamicin and enrofloxacin.
The antibiotic resistances of the bacteria are
given in Figure 1.
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Figure 2. The gas problem infected with A. sobria (A) and deformations infected with Pseudomonas sp. on
O. mykiss (B) sampled from (a) farm located in basin (1).

Discussion

In aquaculture, water quality is a very decisive
criterion among different criteria such as fish, feed,
personnel and transportation. In many countries,
reports are requested for the physicochemical values
of water to be used in fish farms. An assessment of
the microbiological quality of water is not generally
required in these application guidelines. However,
previous studies have revealed the necessity of
microbiological examination of the inlet waters of
fish farms. In this sense, it has been reported that
A. salmonicida, A. hydrophila and A. sobria species
are isolated from the inlet water from different fish
farms belonging to the Black Sea Region of Turkey
(Onuk et al. 2017). Similarly, in the present study,
different species belonging to the genus Aeromans
were found in the inlet water in 6 of 11 farms. Also,
Pseudomonas sp. and Lelliottia sp. were found in the
inlet water samples.

The presence of bacteria belonging to the genus
Aeromonas and Pseudomonas are frequently
reported in all aquatic systems worldwide (Hanninen
and Siitonen 1995; Fiorentini et al. 1998; Gavriel et
al. 1998; Mena and Gerba 2009). In this respect, it is
normal to isolate the bacteria belonging to these
species from aquatic organisms and many foods.
Among bacterial fish pathogens, motile Aeromonas
species (A. hydrophila, A. cavia, A. sobria, A. media)
and A. salmonicida, which is a furunculosis disease
agent, have been reported from many fish species
worldwide. The pathogenic species of bacteria of the
genus Pseudomonas in fish continue to be included
in the literature with a new one every day (Altinok et
al. 2006; Altinok et al. 2007). This shows that the
elimination of these pathogens in trout
farming systems is an application that will play a key
role in preventing future losses. In this context, the
isolation of species belonging to Aeromonas and

Pseudomonas genus in almost every farms in
addition to the inlet water in eggs, alevin and fry
samples in the farms sampled in the study presented
may cause severe mortalities that may occur. Another
threat is that bacteria are mostly isolated from fry
samples. This also shows that contamination of the
mentioned bacteria occurred during the cultivation
process.

In general, many Lactococcus species bacteria
are isolated from plant origins. The bacteria
belonging to the genus Bacillus are generally isolated
from the soil. On the other hand, they can be found in
the normal flora of vegetables, water and some other
live species (Barrie et al. 1994). The genus Lelliottia
has been frequently reported, mostly from plant
organisms. It can be stated as a common result that
these bacteria were isolated from different farms in
the samples of inlet water, alevin and fry in this study.
Considering the origins of these bacteria, their
vegetative, aquatic or soil origin make it natural to
have the possibility of contamination to incubation
systems. However, looking at the fish disease records
of these genera, the genus Lactococcus is a severe
disease factor especially with L. garviae species.
Also, Bacillus mycoides emerges as the causative
agent of the disease isolated from sturgeon and it is
characterized by gas syndrome in fish in Turkey
(Kayis et al. 2017). The genus Lelliottia can be
considered as a genus whose pathogenicity should be
investigated in fish diseases. The fact that some of the
bacteria isolated are of vegetable origin suggests that
measures should be taken to prevent plant origin
contamination to the incubation systems.

Water quality criteria are important factors for the
virulence of pathogenic fish disease factors. For
example, F. psychrophilum causes disease in fry
individuals at temperatures level below 10°C. On the
other hand, Flavobacterium columnare shows
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efficiency at water temperatures of 10°C and above.
When this study presented is examined in this
respect. However, Anacker Ordal media a selective
medium for Flavobacterium species, was used, no
bacteria belonging to the Flavobacterium genus were
found in the samples. This situation can be explained
by the fact that water temperature values were 6.5 and
5°C in two farms while temperature was 10°C and/or
above in other farms.

Resistance against antibiotics of bacteria
isolated from aquaculture basins has been
revealed in many studies. Antibiotic resistance in
bacteria is expressed as natural or acquired.
Due to the drugs used for the treatment of diseases,
the level of resistance increases in bacteria that have
taken place in the environment. In this study, the
highest antibiotic resistance was determined against
ampicillin. This can be explained by the natural
resistance of Gram-negative bacteria to ampicillin.
Also, the lowest antibiotic resistance was determined
against gentamicin. This antibiotic is the most
effective on Gram-negative aerobic bacteria
(Giir 1996). We determined about 40% resistance of
the bacteria isolated in the 2nd basin against
this antibiotic. Lactococcus lactis was the only
gram-positive bacteria isolated from all basins.
Therefore, there was a  resistance to
gentamicin in this basin. Also, the low resistance to
ampicillin in the 3rd basin can be explained by the
same reason.

As a result of the present study, detection of
different bacteria in the samples taken from the inlet
water of fish farms showed that the water was
contaminated. For this reason, before fish farms are
established, it can be recommended that they
obtained microbiological analysis in the water source
they intend to use. It can be thought that the analysis
to be made will guide the detection of pathogens in
the water and the determination of the measures to be
taken. Instead of many microbiologically
contaminated hatcheries in different basins, an
equipped hatchery can be established to for
facilitating microbiological contamination.
Increasing bacterial pathogens in terms of quality and
guantity of eggs, alevin and fries have shown
inadequacy of hygiene measures in aquaculture
facilities. In this context, fish farms should review
their hygiene measures and follow this issue with a
more effective process. Different levels of resistance
to antibiotics in different basins are due to bacterial
diversity and contamination. For this reason, the
veterinary opinion should be taken on the use of
antibiotics, and appropriate antibiotics should be
used against the target bacteria.
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Melatonin’in Tathsu Istakozu (Pontastacus leptodactylus Eschscholtz, 1823)

Yavrularinda Gelisim, Hayatta Kalma Oram ve Bagisikhik Yaniti Uzerindeki
Etkisi
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0oz MAKALE BILGISI

Bu caligmanin amaci melatoninin, Pontastacus leptodactylus yavrularmin (lI-1V. ARASTIRMA MAKALESI

donem) gelisim, hayatta kalma orami ve bagisiklik yaniti (total hemosit sayisi)

tizerindeki etkilerini aragtirmaktir. Melatonin dozlar1 0, 0,5, 1, 2, 4 mg / kg oraninda Gelis :02.07.2020 E E
deneme yemine ilave edilerek 4 tekerriirli 5 ayr1 grup seklinde deneme gruplari Diizeltme  :29.10.2020

olusturulmustur. Denemeler, II. Dénem P. leptodactylus yavrulari ile kurulmus ve 60 E&_

giin siire ile besleme yapilmistir. Deneme siiresince giinde bir kez %50 oraninda su Kabul :04.11.2020 .

degisimi ve siirekli bir havalandirma saglanmistir. Stok yogunlugu her deneme Yayim - 26.08.2020 E

tekerriiri icin 20 yavru olarak belirlenmistir. Yavrular, giinde bir kez canli -
agirliklarinin %35°1 oraninda beslenmistir. Yavrularin baglangi¢ ortalama agirlik ve DOI:10.17216/LimnoFish.761841

total boylar1 34 +£ 4 mg ve 11,6 + 0,4 mm olarak belirlenmistir. Deneme sonunda en
yiiksek ortalama total boy 22,0 + 3,6 mm olarak 2 mg/kg melatonin i¢eren grupta, en * SORUMLU YAZAR
iyi ortalama canli agirlik 216 + 116 mg olarak 4 mg/kg melatonin grubunda, en iyi

yasama orani %44,4 + 13,9 olarak 2 mg / kg melatonin doz grubunda ve en yiiksek remziyeozkok@gmail.com
ortalama total hemosit miktari ise 2,27 + 0,49 x 108 hiicre/ml olarak yine 2 mg/kg Tel : +90 246 313 34 60
melatonin doz grubunda elde edilmistir. Bununla birlikte gruplar arasindaki farklar Fax : +90 246 313 34 63

istatistiki agidan onemli bulunmamistir (p > 0,05). Sonug olarak, bu g¢alismada
P. leptodactylus yavrularimnin gelisim, hayatta kalma orani ve bagigiklik yaniti tizerinde
melatonin katkili yemler ile beslemenin 6nemli bir etkisinin olmadig1 belirlenmistir.

Anahtar kelimeler: Kerevit, P. leptodactylus, melatonin, hayatta kalma orani, gelisim

Effect of Melatonin on Development, Survival Rate and Immune Response in the Juveniles of Freshwater
Crayfish (Pontastacus leptodactylus Eschscholtz, 1823)

Abstract: The aim of this study was to investigate the effects of melatonin on growth, survival and immune response (total hemocyte
counts) of Pontastacus leptodactylus juveniles (stage I1-1V). With this aim, five separate groups with 4 replicates were formed by adding
melatonin at the doses of 0, 0.5, 1, 2, 4 mg/kg to the trial feed. The experiments was conducted using stage Il P. leptodactylus juveniles
which fed for 60 days. During the experiments, a 50% water change once a day and continuous ventilation was provided. Stock density was
determined as 20 juveniles for each replicate tank. The juveniles were fed at rate of 5% of their body weight once a day. The average initial
weight and total length of juveniles were 34 + 4 mg and 11.6 + 0.4 mm, repectively. At the end of the experiment, the maximum average
total length (22.0 + 3.6 mm) was in the group fed with 2 mg/kg melatonin containing diet, the best average live weight (216 + 116 mg) was
in the group fed with 4 mg/kg melatonin containing diet, the highest survival rate (44.4 = 13.9%) was in the 2 mg/kg melatonin group and
the highest average total hemocyte count (2.27 + 0.49 x 108 cells/ml) was in the 2 mg/kg melatonin group. However, the differences between
the groups were not statistically significant (p > 0.05). As a result of this study, it was determined that feeding with melatonin supplemented
feed have no significant effect on growth, survival and immune response of P. leptodactylus juveniles.

Keywords: Crayfish, P. leptodactylus, melatonin, survival rate, growth
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Giris

2017 yilinda diinyada toplam su {iriinleri {iretimi
92,5 milyon ton olarak gergeklesmistir. Bu iiretimin
15,2 milyon tonluk bolimiinii kabuklu retimi
(aveilik ve yetistiricilik) olusturmaktadir. Kabuklu
iretiminin 8,4 milyon tonu yetistiricilikten, 6,8
milyon tonu avciliktan elde edilmistir. 15,2 milyon
tonluk toplam kabuklu iiretiminin ise yaklasik 1,2
milyon tonluk boliimiinii sadece tatlisu 1stakozlar
olusturmustur. Bu iiretiminin sadece 86 bin tonu
avciliktan elde edilirken, ¢ok biiyiik bir boliimii
yetistiricilikten saglannmstir (FAO 2019). Ulkemizde
kerevit tretimi sadece dogal stoklardan avciliga
dayanmaktadir ve 2018 yilinda 524 ton olarak
gerceklesmistir (TUIK 2019).

Tirkiye’deki ~ dogal  kerevit  tird  (P.
leptodactylus), yiiksek tiiketici talebi nedeniyle

Avrupa’daki en Onemli tathh su istakozu
tirlerindendir  (Harlioglu vd. 2012). Astacid
kerevitlerin  kiiltiri ¢ogunlukla yar1 entansif

sistemlerde yapilmakta ve edile edilen II. dénem
yavrular dogal toprak havuzlara ya da suni havuzlara
stoklanmaktadir. Bununla  birlikte, 1lik su
kerevitleriyle kiyaslandiginda Astacid kerevitlerde
yavrulardaki hayatta kalma oranlart ¢ok dusiiktiir
(Mazlum 2007). Bu nedenle, P. leptodactylus’larda
yavrularin ~ hayatta  kalma  oranlarinin  ve
gelisimlerinin artiritlmast konusundaki g¢aligmalara
ihtiya¢ duyulmaktadir.

Son yillarda su iirlinlerinde biiyiimeyi ve yasama
oranini arttirmaya yonelik yapilan ¢aligmalarda;
hormonlar, antibiyotikler, iyonoforlar, probiyotikler
ve prebiyotikler yem katki maddeleri olarak
kullanilmaktadir. Dekapod krustaselerinde yapilan
caligmalarda, melatonin ve serotonin gibi biyolojik
aminlerin tireme ve glikoz dengesi dahil olmak iizere
birtakim fizyolojik aktivitelerin diizenlenmesinde
etkili olduklar1 tespit edilmistir (Fingerman 1997;
Reddy ve Pushpalata 2007).

Baliklarda, epifiz bezinde triptofandan ve
retinadan sentezlenen melatonin hormonu, biyolojik
saatin diizenlenmesi ve mevsimsel degisiklige olan
adaptasyon gibi bircok fonksiyona sahiptir (Kirim
vd. 2006). Melatoninin, ot sazani (Kezuka vd. 1988),
deniz levregi (Sanchez-Vazquez vd. 1997) ve kerevit
(Procambarus  clarkii))de  mevsimsel {ireme
aktivitesini diizenledigi bildirilmistir (Agapito vd.
1995). Yine P. clarkii'de aktiviteyi ve metabolit
seviyelerini etkiledigi, bununla birlikte etkilerin
hayvanlarin  aktivite evresi ve  melatonin
uygulamasmin zamanlamasi ile degisebilecegi,
omurgalilarda oldugu gibi omurgasizlarda da ritmik
siiregleri yoneten karmasik sistemin bir bileseni
olabilecegi bildirilmistir (Tilden vd. 2003). Ayrica
baliklarda, pineal bezden salgilanan melatoninin,
immiin fonksiyonlar i¢in temel bir eser element olan

cinko seviyelerini diizenledigi ileri siiriilmektedir
(Kirrm vd. 2006). Melatoninin ¢ipura (Sparus
aurata)’da bagisiklik ile ilgili genlerin (mainly IL-1b
and IRF-1) olumlu yonde diizenlenmesini sagladigi
bildirilmistir (Cuesta vd. 2008). Yengec (Eriocheir
sinensis) de gelisim ile ilgili genlerin ekspresyonunu
artirarak uzuv rejenerasyonu saglayabildigi, sindirim
enzim aktivitesini artirdigi, bagisiklik tepkisini

giclendirdigi, Ozellikle antioksidan kapasiteyi
giiclendirdigi bildirilmistir (Zhang vd. 2018).
Kabuklulardaki dogustan gelen immiin sistem,

infeksiyoz mikroorganizmalara karsi temel savunma
mekanizmasidir. Bu savunma sisteminde kan
hiicreleri hemositler énemli bir rol oynamaktadir
(Lee ve Soderhdll 2002). Hemositler kaya
1stakozlarinda veya diger istakozlarda stres veya
saglik durumunun degerlendirilmesinde yararl
araclar olabilir (Jussila vd.1997).

Bu calismada melatoninin P. leptodactylus
yavrularin gelisim, hayatta kalma orant ve
bagisiklik sistemi (total hemosit sayisi) iizerindeki
etkileri arastirilmstir.

Materyal ve Metot

Calisma, 2016 yilinda Egirdir Su Uriinleri
Aragtirma Enstitiisii Miidiirliigii biinyesinde yer alan
Kerevit Arastirma Merkezi kulugkahanesinde
yiiritilmistir. Yumurtal kerevitler, 2016 yili Nisan
ve Mayis aylarinda Egirdir Goli'nden kerevit
sepetleri ile yakalanmis ve 2-3 hafta boyunca kapali
devre sistemdeki kiiltiir kosullarina adapte edilmistir.
Anaclar bu asamada gilinde bir kez ¢ig patates,
alabalik peleti ve ¢ig balik etiyle beslenmistir.
Yumurtali anaglarin adaptasyonunda 280 x 60 x 60
cm ebatlara sahip polyester tanklar kullanilmus,
tanklara saklanma ihtiyaglarini karsilamak i¢in 8 cm
capinda ve 12 cm uzunlugunda PVC borular
yerlestirilmistir.

Yavrular mayis ay1 sonu ile haziran aymnin ilk
haftasi boyunca elde edilmistir. Bu asamada anag ve
yavrularin yaklagik olarak 15 giin birlikte kalmalari
saglanmigtir. Haziran aymnin ilk haftasindan sonra
yavrular bagimsiz yasam evresine (II. donem)
gecmiglerdir. Disardan besleme bu donemde
baslamis ve yavrular ilk olarak dondurulmus Artemia
nauplii, Daphnia sp. ve Chrinomus sp. ile 15 giin
boyunca beslenmistir. Daphnia sp. ve Chrinomus sp.,
acik alandaki tanklarda {iretilmis ve belli araliklarla
stiziiliip hasat edilerek, -20 °C 'de saklanmistir. Bu
donemde denemeye baslamadan oOnce yavrularin
yavas yavag granill yemlere aligmalar1 saglanmigtir.
Ardindan, baglangi¢ ortalama agirliklar 34 + 4 mg ve
total boylar1 11,6 + 0,4 mm olan, yumurtadan ¢ikarak
I. doneme gecen, 8-10 giin i¢inde kabuk degistirip I1.
doneme ulasarak annelerini tamamen terkeden ve
beslenmeye baglayan (Balik, 1993) II. dénem
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yavrular ile deneme baslatilmistir. Deneme siiresince
yem artiklari, kopan uzuv pargalari, 6lii yavrular ve
diskilar ortamdan sifonlama ile uzaklastirilmstir.

Deneme yemlerinin hazirlanmasi

Deneme yemleri, bir yem firmasi tarafindan
soguk ekstriizyon teknigi ile iiretilmigtir. Melatonin,
karides yemine, liretim asamasinda ilave edilmistir.
Deneme yemleri, %55 ham protein, %10 ham yag,
%9 ham kiil, %1,4 ham selilloz ve 1,76 ham Ilif
icermektedir. Hammadde kaynagi olarak balik,
bugday ve krill unlari, balik yag: ve hidrolizati, bazi
mikro algler, vitamin ve mineral premiksleri
kullanilmigtir. Deneme yemlerinin hazirlanmasina
gecilmeden once melatonin hormonunun;
(N-[2-(5-methoxy-1H-indol-3-yl) ethyl]), etil alkol
ile ¢oziinmesi saglanmis, yeterli diizeyde distile su
ilave edilerek homojen bir karisim elde edilmis ve
daha sonra, yeme ilave edilerek her bir doz grubu
(0, 0,5, 1, 2 ve 4 mg melatonin/kg yem) igin 5 farkli
deneme yemi iiretilmistir. Deneme yemleri, graniil
seklinde olup ebatlarn  800-1200p  olarak
ayarlanmistir. Deneme siiresince yavru kerevitler,
giinde bir kez canl agirliklarinin %5°1 oraninda
(Mazlum vd. 2011) beslenmistir.

Deneme plani

Deneme tam tesadiife bagli deneme planina gore
olusturulmus olup, 4 tekerriirlii 5 grup olarak
planlanmistir: Grup 1 (Kontrol, melatoninsiz yem),
grup 2 (0,5 mg melatonin /kg yem), grup 3 (1 mg
melatonin /kg yem), grup 4 (2 mg melatonin /kg
yem), grup 5 (4 mg melatonin /kg yem) 60 giin
boyunca siirdiiriilen denemede 60 x 40 x 30 cm
ebatlarma sahip seffaf plastik kaplar kullanilmig
olup, her birine barinak malzemesi olarak delikli
tuglalar yerlestirilmistir. Deneme boyunca, giinde bir
kez %50 oraninda su degisimi ve havalandirma
saglanmigtir. Stoklama yogunlugu her tekerriir i¢in
20 yavru, olarak ayarlanmis olup tiim denemede
toplam 400 adet yavru kullanilmistir.

Yavrularda agirhik ve total boy dl¢iimleri

Denemenin baslangicinda, 30. ve 60. (deneme
sonu) giinlerde yavrularda agirhik ve total boy
olgimii  yapilmustir. Total boy (TL) olgtimii:
(rostrumun ucundan telsonun son uzantisina kadar
olan kisim), dijital kumpas ile agirlik 6lgtimleri ise
0,001 g hassasiyetindeki terazi ile yapilmistir.

Yavrularda yasama oranlarinin tespiti

Denemenin 30. ve 60. giinlerinde yavrulardaki
hayatta kalma (yasama) orani belirlenmistir. Yasama
orant, agagidaki formiille hesaplanmstir:

NS x 100

YO (%) =
YO = Yasama Orani
Ns = Deneme sonundaki kerevit sayisi
Nb = Deneme baslangicindaki kerevit sayist

Bagisikhik yanit1 iizerine olan etkilerin tespiti

Deneme sonunda her tekerriir i¢in 4-5 yavrudan
ayr1 ayri olmak tizere her gruptan yaklasik 20 adet
yavrunun kami  (hemolenf) ayn ayr alinarak
hemolenfteki toplam hemosit miktarlar
belirlenmistir. Yavrulardan hemolenf 6rnekleri
alimmadan once, stresi engellemek i¢in, yavrularin
bulundugu su, buz akiisii ile sogutulmustur.
Hemolenf 6rnekleri kerevit yavrularinin 2. yiiriime
bacaklarinin tabanindan alinmis (Sepici-Dingel vd.
2013) ve her ornek sadece bir yavrudan 1 ml’lik
enjektor yardimiyla elde edilmistir. Hemositlerin
parcalanmasint ve pihtilasmay1 engellemek igin
enjektore once 0,9 ml %4’lik formalin ¢ekilmis,
daha sonra iizerine 0,1 ml hemolenf alinmis ve
karistirllmigtir.  Daha  sonra, bu  karisimda
(formalint+hemolenf) 1sik mikroskonunda Thoma
lam ile toplam hemosit sayimi yapilmistir (Miller ve
Stanley 2000; Evans 2003; Ward vd. 2006).
Hemositler mikroskop altinda sayilmis ve toplam

hemosit sayisi (THC) formiille hesaplanmigtir
Toplam hiicre
THC Toplam =~ sayisix2x10x1000
hemosit sayist /ml =
16

(Sepici-Dingel vd. 2013).

Su kalitesi parametrelerinini 6l¢iimii

Deneme siiresince su sicakligi (termometre ile),
¢oziinmils oksijen (Oksijen metre ile) ve pH (PH
metre ile) gilinliik olarak, amonyak, nitrat ve nitrit
miktar1 (Spektrofotometrik yontemle) haftada bir kez
Olgllmiistiir.

Verilerin degerlendirilmesi

Verilerin normal dagilimi Kolmogrov Smirnov
testi ile analiz edilmistir. Normal dagilim gosteren
parametrik verilerde gruplarin karsilagtirilmas: Tek
Yonlii Anova testi, normal dagilim gostermeyen
non-parametrik veriler ise Kruskal-Wallis siralamali
tek—yonlii varyans analizi ile yapilmistir. Gruplar
arasinda farklar i¢in verinin normal dagilim sonucuna
gore Duncan veya Tukey c¢oklu karsilastirma testleri
uygulanmugtir (Ozdamar 2011). Agirlik, boy ve
hayatta kalma ile ilgili sonuglar, ortalama + standart
sapma (X £ SS), toplam hemosit sayilari ise ortalama
+ standart hata (X + SH) seklinde verilmistir. Tiim
istatistiki testlerde Onem seviyesi o=0,05 olarak
kabul edilmistir. Veriler IBM SPSS Statistics v.25 ve
Microsoft Excel 2013 paket programlar ile islenmis
ve degerlendirilmistir.

Bulgular
Melatoninin gelisim iizerindeki etkisi
Denemenin 30. ve 60. ginlerinde yapilan
6l¢iimlerde boy ve agirlik degerleri agisindan gruplar
arasinda istatistiki ag¢idan Onemli bir fark
bulunmamustir (p > 0,05) (Tablo1, Sekil 1).
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Tablo 1. Melatonin dozlarina gére yavrularda aylik ortalama total boy (mm) ve agirlik (mg) degerleri
Table 1. Average monthly total height (mm) and weight (mg) values of offspring according to melatonin doses

Melatonin Ortalama Total Boy (mm) Ortalama Agirlik (mg)
Grzglzarl Baslangig 30. giin 60. giin Baslangig 30. glin 60. giin
(mg/kg) Boyu Agirhigi
X+SS X +SS X +SS X £SS X+SS X +SS
Kontrol 11,6 + 0,4 15,5+ 1,98 19,1 £2,42  34+3P 107 + 382 120 + 382
0,5 11,6 +0,4° 15,9+ 1,98 19,9 + 2,48 34 +3° 107 +£ 378 178 + 602
1 11,6 + 0,4 16,4 + 2,0 19,6+0,1°  34+3 110 + 482 144 + 06
2 11,6 +0,4° 16,3+2,22 22,0+ 3,62 34+3P 90 + 382 195 +£932
4 11,6 +0,4° 15,9+ 2,22 21,9+3,7°  34+3 116 + 342 216+ 116

Boy ve agirlik bazinda ayni satirda farkli harflerle gosterilen ortalamalar arasindaki fark istatisitiki olarak dnemlidir
(p <0.05). Aynu siitunda tek bir 6l¢iim giiniinde (Baslangig, 30 ve 60. giinler) deneme gruplarina ait ortalamalar
arasindaki fark istatistiki olarak 6nemli degildir (p > 0,05).

The difference between the means shown in different letters on the same line is statistically significant (p <0.05) on

the basis of height and weight. The difference between the means of the experimental groups on a single measurement
day (beginning, 30" and 60™ days) in the same column is not statistically significant (p> 0.05).

m l.ay 300
: ml.ay
’5 m2.ay 200 m2.ay
E 2™ |
Eis =
210 = 100 I
= »of
E [
3]
s 0 0
= 0 05 1 2 4 0 0,5 1 2 4
Deneme gruplar: (mg/kg) Deneme gruplari (mg/kg)

Sekil 1. Yavrularda melatonin dozlarina gore aylik ortalama total boy (mm) ve agirlik (mg) degerleri
Figure 1. Average monthly total height (mm) and weight (mg) values according to melatonin doses in offspring

Melatoninin  hayatta  kalma  oranlarn  hayatta  kalma  oranlarinda  olumlu  bir
iizerindeki etkisi etkisinin olmadigi  bulunmustur (p > 0,05)
Kerevit yavrularinda yeme melatonin ilavesinin ~ (Tablo 2, Sekil 2).

Tablo 2. Farkli dozda melatoninli yemlerle beslenen yavrularda aylik yasama oranlart (%)
Table 2. Monthly survival rates (%) of offspring fed different doses of melatonin containing feeds

Melatonin Doz Gruplari

(ma/Kg) 1. Ay 2. Ay
Kontrol (0) 32,5+26,0 29,8 £25,1
0,5 18,8 £ 14,9 22,5+9.8
1 12,5+ 10,4 244+21,4
2 20,0 £ 13,5 44,4+ 13,9

4 16,3+ 17,0 25,0+25,0
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Sekil 2. Melatonin doz gruplarina gore yavrularda aylik hayatta kalma oranlar1 (%)
Figure 2. Monthly survival rates (%) in offspring according to melatonin dose groups

Melatoninin  bagisikhk  sistemi  (toplam  toplam hemosit sayilar1 arasinda istatistiksel olarak
hemosit sayis) iizerindeki etkisi 6nemli bir fark bulunmamistir (p > 0,05)
Deneme sonunda deneme gruplarinda belirlenen  (Tablo 3, Sekil 3).

Tablo 3. Gruplara gére hemolenfteki toplam hemosit degerleri (x 10° hiicre / ml)
Table 3. Total hemocyte values in hemolymph by groups (x 10¢ cells / ml)

Melatonin Deneme Gruplari (mg/kg) Total Hemosit Sayilar1 X = SH
Kontrol Grubu 1,74 £ 0,34
05 2,14+£0,39
1 2,16 £0,73
2 2,27 £0,49
4 2,24 + 1,06

Hemosit sayisi x 10%/ml hemolenf

3
s 2,4 26 227 224
§ 5 1,74
=
o
g1l I
Q
I
0
Kontr 0,5 1 2 4

Sekil 3. Deneme sonunda hemolenfteki total hemosit sayilari (x 10®  hiicre/ml)
Figure 3. Total hemocyte counts in hemolymph at the end of the trial (x 108 cells / ml)

Deneme siiresince tespit edilen su Kkalitesi  ve pH giinliik olarak, amonyak, nitrat ve nitrit miktari

parametreleri haftada bir kez 6l¢iilmiis ve ortalama degerler Tablo
Deneme siiresince su sicakligi, ¢o6ziinmiis oksijen  4’de verilmistir.

Tablo 4. Deneme boyunca tespit edilen su kalitesi parametreleri (Ortalama + SS)
Table 4. Water quality parameters during the trial (Mean + SD)

pH Sicaklik Oksijen NOs-N NO.-N NH.-N
(C°) (mg/l) (mg/l) (mg/l) (mg/l)
8,37+0,14 20,3 +2,01 7,6 +1,14 426+ 1,84 0,03 +0,02 0,07 +£ 0,04
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Tartisma ve Sonug¢

Calismada yeme farkli dozlarda ilave edilen
melatoninin, kerevit yavrularinin deneme sonu final
agirhik ve total boylart iizerinde 6nemli bir etkisi
bulunmamis olup gruplar arasinda ortaya cikan
farklarin  istatistiki acidan Onemli olmadig:
gorilmiistir (p > 0,05). Singh vd. (2012) ise
melatoninin nil tilapialarinda 25 pg/L dozunda 3
hafta boyunca yetistiricilik suyuna ilavesini takiben,
spesifik gelisim oran lizerinde baskilayici bir etkisi
oldugunu bildirmiglerdir. Benzer sekilde, havuz
baliklarinda (Carassius auratus) da 10 pg/g viicut
agirligl/g dozunda melatonin kullaniminin viicut
agirliginda azalmaya neden oldugu bildirilmigtir
(Lopez-Olmeda vd. 2006; De Pedro vd. 2008).

Kabuklulardaki dogustan gelen immiin sistem,
infeksiy6z mikroorganizmalara karsi temel savunma
mekanizmasidir. Bu sistem patojenler de dahil olmak
lizere yabanci materyalleri tanimak, yok etmek igin
hizli ve etkin bir sistemdir ve erken asamada
enfeksiyonlart  sinirlamaya yardimeci  olan ilk
savunma hattidir. Bu savunma sisteminde kan
hiicreleri hemositler énemli bir rol oynamaktadir
(Lee ve Soderhdll 2002). Hemolenfteki toplam
hemosit sayisi (THC), diferansiyel hemosit sayist
(DHC), hemolenf pihtilasma siiresi, bakteriyemi ve
lizozomal membran stabilitesi bagisiklik tepkisinin
gostergesi olarak degerlendirmek igin araglar olarak
kullanilabilir (Sang ve Fotedar 2009). Hemositler
kaya 1stakozlarinda veya diger 1stakozlarda stres veya
saglik durumunun degerlendirilmesinde yararli
araglar olabilir (Jussila vd.1997).

Calismamizda, yeme melatonin ilavesinin kerevit
yavrularinda hemosit sayilar1 iizerinde o6nemli bir
etkisi bulunmamistir (p > 0,05). Buna karsin
yengeglerde (Eriocheir sinensis) de bagisiklik
tepkisini giiclendirdigi bildirilmistir (Zhang vd.
2018). Benzer sekilde, Randall vd. (1991), gokkusagi
alabaliklarinda (Oncorhynchus mykiss) melatoninin
immiin sistem ve 6zellikle hiicresel bagisiklig: direkt
ve indirekt yollarla etkiledigini belirtmislerdir.
Ayrica yine melatoninin gipuralarda (Sparus aurata)
bagisiklik ile ilgili genlerin (mainly IL-1b and IRF-
1) olumlu yonde diizenlenmesini sagladig
bildirilmistir (Cuesta vd. 2008). Calismada bagisiklik
tepkisi ile ilgili sadece toplam hemosit sayisina
bakilabilmistir. Oysa bagisiklik tepkisinin diger
gostergeleri olan diferansiyel hemosit sayisi,
hemolenf pihtilasma siiresi, bakteriyemi ve lizozomal
membran stabilitesi gibi immiin sistem yanitlarmin
da gelecek calismalarda ortaya c¢ikarilmasi yararl
olabilir.

Sonug¢ olarak, kerevit yavrularmin (L-IV.
dénem) yemlerine 0,5, 1, 2, 4 mg/kg oraninda
meletonin ilavesi yapilarak beslemenin agirlik ve boy
kazanci, hayatta kalma orani ve bagisiklik tepkisi

(Total hemosit sayisi) lizerinde énemli bir etkisinin
olmadig saptanmustir. Ozellikle gelisim ve sag kalim
iizerindeki etkilerinin ortaya ¢ikmasina engel olarak
kerevitlerde goriilen ve 6nemli bir sorun teskil eden
kanibalizmin roliinii diisiindiirmektedir. Bununla
birlikte, gelecekte  yapilacak  calismalarda
melatoninin  kerevitlerde kiska¢ rejenerasyonu,
sindirim enzim aktiviteleri, antioksidan kapasitesi ve
biyoritim iizerindeki etkilerinin arastirilmasi yararl
olacaktir.
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Introduction

Members of the phylum Rotifera, a significant
part of the agquatic metazoans, can be observed in
almost any form of aquatic habitats having
worldwide distribution and comprise two main
groups: Bdelloidea and Monogonta while the taxon
Seisonacea covers marine species (Segers 2007,
2008; Fontaneto and De Smet 2015). The
morphological peculiarities and high richness of
rotifers are key aspects in many investigations on
freshwater ecosystems (Sharma and Michael 1980).
The descriptive features of the rotifers were applied
by many scientists for ecological analysis (Bai et al.
2006) and also for the water quality assessment.
Besides, the impact of various abiotic parameters
affecting the biological environment is also mirrored
in population patterns and shifts in the rotifers’
species architecture and functions (Chovanec et al.
2002; Dong 2004). The rotifer diversity is

considerably large globally with at least 544 taxa
reported from the Oriental region (Segers 2001,
2002, 2008). Approximately, 500 rotifer species have
been reported from Indian water bodies and about
1700 of them have been reported from various
regions of the world (Kiran et al. 2007). A substantial
number of studies on the faunal diversity of Rotifera
from aquatic biomes of the protected parts of the
region of Northeastern India is seen in Indian
literature. While taxonomic analyses of Indian
rotifers were started more than a century ago, there
has been still insufficient data on rotifer biodiversity
in Indian aquatic bodies (Sharma and Sharma 2011).
About 303 rotifer species has been reported from the
Northeast India (Sharma and Sharma 2019). Rotifers
play a significant part in the cycle of freshwater fish
breeding, as it is an important live food for larval and
early juvenile fish stages (Velasco-Santamaria and
Corredor-Santamaria 2011; Shil et al. 2013).
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Therefore, the nutrient dynamics and freshwater
production are significantly governed by the rotifers
(Snell 1998; Lin et al. 2005). Evaluation of the
rotifers’ diversity is key to demonstrate their
importance in sustaining freshwater habitats (Gannon
and Stemberger 1978; Dumont 1983). A negligible
guantity of work was performed about the population
ecology, habitat distribution of the zooplankton
community in multiple wetlands, lakes and ponds in
India (Sinha et al. 1994; Kumar 2001; Khan 2003;
Bhalla et al. 2012; Deepthi and Yamakanamardi
2014). Furthermore, less number of data supporting
the comprehensive review of rotifers with reference
to the various physicochemical parameters in the
man-made pit lake ecosystem is known. Though pit
lakes are prevalent in several regions of India, these
aquatic ecosystems have not been adequately studied.
Water chemistry can vary significantly in different
types of mining activities. Relatively high
conductivity is observed in these huge water bodies
(Ciszewski et al. 2013; Wotowski et al. 2013;
Sienkiewicz and Gasiorowski 2015; Geller et al.
2013). These lakes formed by mining operations or
extraction appear to be huge in-depth with sloppy
sides (Blanchette and Lund 2016). Remarkably few
biotic investigations were executed in these water
bodies (Ferrari et al. 2015) since these researches are
complicated to perform and needs specialized
methodologies (Woelfl and Whitton 2000).
Researchers have, therefore, started to find out
different ecological components in these ecosystems,
biotic succession and population dynamics (Geller et
al. 2013; Wotowski et al. 2013; Sienkiewicz and
Gasiorowski 2015; Vucic et al. 2019). The available
information is inadequate to identify the trophic
position of planktonic species in the mine lakes food
system, which is different from that of more
traditional lakes. Previous research has found that a
few organisms dominate these pit lakes, like
Brachionus sp., Cephalodella sp., Rotaria sp., Elosa
sp., etc. (Deneke 2000). The work can demonstrate
the application of rotifers as water quality indicators
(Saksena 1987), thereby facilitating the monitoring
of the resources of the aquatic ecosystem in the

groundbreaking attempt which offers the first
comprehensive evaluation of the rotifer ecology from
the pit lake ecosystem of RCF. In addition to
identifying and listing the inventory of different
rotifer organisms from five distinct pit lakes, the
findings of this analysis would also illustrate the
variability of rotifers from the RCF. This study also
highlights  the association between aquatic
macrophytes and rotifer assemblages in the pit lake
ecosystem for the first time. To explore the
ecosystem framework and its interaction with the
limnological characteristics of these regions, some
experimental works are required to establish a
theoretical foundation for ecological regeneration,
fair use and conservation of pit lake resources and an
awareness of a healthy aquatic ecosystem. The
finding represents valuable information to the
diversity of Indian Rotifera. This result also allows us
to enhance our understanding of rotifers’ ecology in
the pit lake system and unearth important
connections between rotifer species and their
ecosystem. The aims of this study were to (i) examine
the spatial variability of rotifer populations in relation
to various biotic and abiotic factors in the pit lake
ecosystem created by the coal mine, West Bengal, (ii)
provide and contribute to fill the research gap
concerning the composition of rotifer communities in
pit lakes, and (iii) assess the ecological integrity of
the studied lakes utilizing pertinent data gathered
during this research. This data will support the
development of a comprehensive management
strategy for developing in these water bodies a
foundation for sustainable water protection and the
development of fish stocks.

Materials and Methods

Study Sites

The sampling was made for two years running
between February 2018 and January 2020, using five
pit lake habitats: Harabhanga (H) Pit Lake,
Dhandardihi 1 (D1) Pit Lake, Dhandardihi 2 (D2) Pit
Lake, Searsole (S) Pit Lake and Dalurbandh (Dal) Pit
Lake under RCF located in West Bengal, India. The
detailed study area is represented in Table 1 and

region (Kar 2014). The present work is a  Figure 1.
Table 1. Physiography properties of the study sites

Study sites Block Mean Depth Location
HARABHANGA (H) RANIGANJ ~22.86m 23°36'39.65"N, 87°3'49.18"E
SEARSOLE (S) RANIGANJ ~31.50m 23°37'35.38"N, 87°6'9.88"E
DHANDARDIHI 1(D1) ANDAL ~30.48m 23°37'26.58 "N, 87°9 22. 85" E
DHANDARDIHI 2(D2) ANDAL ~2591m 23°37'41.14"N, 87° 9'26.20"E
DALURBANDH(Dal) PANDABESWAR ~22.86m 23°42'48.68"N, 87°15'35.70"E
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Figure 1. Map showing the study sites

Rotifer and Water Sampling

Random stratified sampling was implemented in
compliance with the plankton selection standards
(n= 24 per site) (Edmondson 1959; Battish 1992).
The methodology involved monthly sampling of the
mentioned sites to analyze the zooplankton using
surface hauling with standard conical plankton net of
mesh size 55 pm, 50 cm diameter and water
column at surface water between 20 and 50 cm. The
plankton net was drawn for a specific sample at a
distance of between 5 and 10 m from the bank of the
pit lakes. The equal force was exerted in the process
of pulling the net across the water column to ensure
a steady flow of water through the net. For a specific
sample, a repetition of at least four hauls was
conducted from four different locations of the
investigated water bodies. This was packed in plastic
containers after the plankton was harvested from the
sites (100 mL), filtered and were fixed and preserved
in a neutral formalin solution (4%) (May and O'Hare
2005).

The density and composition were calculated
using the Sedgwick-Rafter counting chamber and

compound microscope (Olympus Magus, Ch20i)
(%10 and x40) for identification up to species level.
The rotifer species count was consequently
represented in a unit liter of sample. The photos of
the respective individuals were taken during the
evaluation of the specimens in the collections to
evaluate and validate the identity (Edmondson 1959;
Battish 1992; Sharma 1998). Shannon and Weaver
diversity index (Shannon and Weaver 1963),
evenness index (Pielou 1966), and species richness
index (Margalef 1958) were determined. Such
indices help to interpret a specific ecosystem's
population framework. The similarity index (Jaccard
1901) was also determined. Analyzes of some
limnological variables from the same pit lakes were
also made. Water temperature, pH, salinity, total
dissolved solids (TDS) and conductivity were taken
in situ using a multi-parameter probe (Oakton
PCSTestr 35). Dissolved oxygen (DO) was measured
following Winkler method (APHA 2005) and for the
other variables such as total alkalinity, hardness,
turbidity, biochemical oxygen demand (BOD),
nitrate, and phosphate, the samples were evaluated in
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the laboratory following the standard protocol
(APHA 2005).

Macrophyte Analysis

Aquatic macrophyte abundance was reported at
each site on a five-point scale (1: scarce or non-
vegetable, 2: many individuals, 3: tiny clusters of
vegetation, 4: consistent vegetation, and 5: 100%
covers) by visual assessment and walking along the
embankment of the studied pit lakes during sampling
(Stefanidis and Papastergiadou 2010).

Statistical Analysis

Hierarchical cluster analysis (HCA) focused on
physicochemical parameters and rotifer density was
provided in dendrogram to demonstrate the
association among study areas using PAST statistical
software (Hammer et al. 2001). The non-parametric
Spearman correlation was done to portray the
association between the physicochemical and
biological variables using SPSS statistical software.
The Mann-Whitney test and Kolmogorov—-Smirnov
test were performed to establish the differences in the
rotifer community. Canonical correspondence
analysis (CCA) was also performed between the
limnological variables and different indices as the
response variables. PAST statistical software was
used to conduct all the statistical analyses.

Results

The rotifer community of the five pit lakes
consisted of 17 rotifer taxa (Table 2). Dhandardihi 1
and Searsole Pit Lakes represented the highest
number of species (11), Harabhanga Pit Lake by 10
species, while Dhandardihi 2 and Dalurbandh Pit
Lakes by 8 and 9 respectively. Brachionus angularis,
B. calyciflorus Pallas, 1766, B. falcatus Zacharias,
1898, B. forficula Wierzejski, 1891, B. diversicornis
Daday, 1883, Keratella tropica Apstein, 1907 and
Filinia longiseta Ehrenberg, 1834 were observed in
all the study sites. The species richness was the
lowest in Dhandardihi 1 Pit Lake, with 8 species

while it was the highest in Dhandardihi 2 Pit Lake
and Searsole Pit Lake with 11 species (Table 2) each.
The number of rotifer organisms in the samples
ranged from 57 to 153 individuals / L (mean 98.40 +
165 SE; n 120 samples). The relative
abundance was varied in different study sites
(Figure 2). The rotifer per samples in the Harabhnaga
Pit Lake was: ranges 120-153; mean 140.10 = 1.16
SE; n = 24; in Dhandardihi 1 Pit Lake: ranges 60-80;
mean 68.30 + 0.73 SE; n = 24; in Dhandardihi 2 Pit
Lake: ranges 38-65; mean 58.72 + 0.75 SE; n = 24;
in Searsole Pit Lake: ranges 95-125; mean 113.06+
0.99 SE; n = 24 and in Dalurbandh Pit Lake: ranges
80-120; mean 10948 + 144 SE; n = 24. In
Harabhanga, Dhandardihi 1 and Dalurbandh Pit
Lakes, K. tropica was the dominant species (Figure
2), whereas in Searsole Pit Lake, Brachionus
diversicornis was the dominant one. In Dhandardihi
2 Pit Lake, B. forficula was the dominant one. The
Harabhanga Pit Lake showed the highest rotifer
abundance accounting for 31.27% of total rotifer and
the lowest in Dhandardihi 2 Pit Lake (11.58%)
(Figure 2).

Different ecological indices values including the
Shannon and Weaver diversity index (H'), Pielou’s
evenness (E) and Margalef’s richness index (D) are
represented in Table 3. The results showed that the
Shannon and Weaver index and Pielou’s evenness
were the highest in Searsole Pit Lake. These
indices are useful for understanding the community
structure of a given ecosystem. The Jaccard’s
similarity index (SJ) for the study sites was compared
and highlighted in Table 3 to contrast the
similarities between the rotifer compositions
among the study sites. Both the Harabhanga and
Searsole Pit Lakes showed the highest
similarity in terms of rotifer composition (0.429)
while least similarities between Dhandardihi 1
and  Searsole Pit Lakes (0.318), and
between Dhandardihi 1 and Dalurbandh Pit Lakes
(0.318) also.
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Figure 2. The abundance (%) of different rotifer species at study sites
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Table 2. Inventory of rotifer taxa collected in the five pit lake habitats (n=24 per habitat)
Sl.  Scientific name Acronym (H) (D1) (D2) (9) (Dal)
no. Family: Brachionidae 10 11 8 11 9
1 Brachionus angularis Gosse, 1851 Ba + + + + +
2 B. calyciflorus Pallas, 1766 Bc + + + + +
3 B.falcatus Zacharias, 1898 Bf + + + + +
4 B. forficula Wierzejski, 1891 Bfo + + + + +
5 B. diversicornis Daday, 1883 Bd + + + + +
6 B. caudatus personatus Ahlstrom, 1940 Bep + - - + -
7 B. caudatus aculeatus Hauer, 1937 Bca - - - + -
8 Branchionus sp. Bs - - - + -
9 B. quadridentatus Hermann, 1783 Bq - + - - -
10  B. kostei Shiel, 1983 Bk - + - - -
11 Keratella tropica Apstein, 1907 Kt + + + + +
12 K. cochlearis Gosse, 1851 Kc + - - + +
13 K. lenzi Hauer, 1953 Kl + - - - -
Family: Filiniidae
14  Filinia longiseta Ehrenberg, 1834 FI + + + + +
Family: Asplanchnidae
15 Asplanchna brightwelli Gosse, 1850 Ab - + - - +
Family: Lecanidae
16  Lecane (Monostyla) bulla Gosse, 1851 Lb - - + - -
Family: Lepadellidae
17  Lepadella sp. Le - + - - -
‘+’ represents present of species and -’ represents the absence of species
Table 3. Different indices reflecting the community structure of the study sites
Ecological indices Study sites
H D1 D2 S DAL
Shannon and Weaver diversity index (H") 1.978 2.285 1.921 2.559 1.783
Pielou’s evenness index (E) 1.978 2.194 2.128 2.457 1.783
Margalef’s richness index (D) 1.769 2.323 1.724 2.089 1.946
Study sites Jaccard’s similarity index
H D1 D2 S DAL
H
D1 0.333
D2 0.389 0.368
S 0.429 0.318 0.368
DAL 0.400 0.318 0.389 0.381
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Physicochemical -Parameters of Water

Mean values (with standard deviation) of
physicochemical parameters obtained from the
different pit lakes were given in Table 4. The water
temperature was recorded to be highest in
Dhandardihi 2 Pit Lake (32.20°C) and lowest in
Harabhanga Pit Lake (28.13°C). The pH was
recorded highest in Dhandardihi 2 Pit Lake
(8.10+0.24), whereas lowest in Searsole Pit Lake
(6.14 £ 0.06). TDS and conductivity were recorded
highest from Searsole Pit Lake (581.33 + 11.85 and
949+5.29 respectively). Total alkalinity was lowest at
Harabhanga Pit Lake (22.22 + 6.41), while the mean

total alkalinity was highest in Dhandardihi 1 Pit Lake
(28.00 +£4.67). Mean total hardness was recorded
highest from Searsole Pit Lake (405 +5). DO content
showed highest in Dalurbandh and lowest in
Dhandardihi 1 Pit Lakes. BOD was highest in
Searsole and lowest in Dhandardihi 1 Pit Lake. The
highest phosphate content was observed at
Harabhanga Pit Lake and lowest in Dhandardihi 2 Pit
Lake. The lowest and highest nitrate values were
recorded from Searsole and Dalurbandh Pit Lakes,
respectively. The lowest and highest turbidity values
were recorded from Dalurbandh and Dhandardihi 2
Pit Lakes, respectively.

Table 4. The physicochemical parameters recorded at five different pit lakes of the study area

Sites Temp TDS CON TH TA SAL DO BOD PHOS NIT TUR
(((®)] pH  mg/l pS/em  mg/l mg/l  mgl/l mg/l mg/l  mgl/l mg/l.  NTU

H 28.13 6.97 184  186.66 219.77 2222 211.33 5.08 2.28 3.40 1.33 5.27
+ + + + + + + + + + + +

440 012 6.24 4.14 3.80 6.41 4.73 0.52 0.11 291 1.27 1.80

D1 31.77 7.85 249.88 25833 8311 28.00 330 4.25 2.19 1.60 1.79 5.98
+ + + + + + + + + + + +

349 037 1342 5.78 5.67 467 1513 0.32 0.13 1.43 1.00 0.95

D2 3220 8.10 250.78 244.17 189.56 2355 19233  4.60 237 0835 134  21.33
+ + + + + + + + + + + +

336 024 567 2136 1354 038 20.55 0.36 0.14 0.50 0.21 3.27

S 289 6.14 58133 949 405 275 412 5.87 3.26 2.47 0.91 4.56
+ + + + + + + + + + + +

356 0.06 11.85 5.29 5 2 2 0.70 0.04 0.26 0.39 0.86

DAL 29.73 7.29 308.44 44841 20422 27.11 247 6.46 2.94 2.60 2.02 2.09
+ + + + + + + + + + + +

280 0.60 291 8.07 2.77 1.68 3 0.81 0.46 1.64 1.03 0.09

TDS — Total dissolved solids, CON — Conductivity, TH — Total hardness, TA — Total alkalinity, SAL — Salinity, DO —
Dissolved oxygen, BOD — Biochemical oxygen demand, PHOS — Phosphate, NIT — Nitrate, TUR — Turbidity.

Aquatic Macrophytes

During the investigation 20 agquatic macrophytes
comprising 19  families  were  recorded
(Table 5). Maximum macrophytes vegetation was
found in the Harabhanga  Pit  Lake.
Among the macrophytes, Hydrilla verticillata was
the most abundant submerged macrophytes, Azolla
pinnata was the most abundant free floating
macrophyte while Ipomoea aquatica was the most
abundant floating macrophytes, and Marsilea minuta
was the most abundant rooted floating type
macrophytes.

Statistical Analysis

Hierarchical cluster analysis based on the
different physicochemical factors placed
Dhandardihi 1 and Harabhanga Pit Lakes in a cluster
(D1+H) while the remaining lakes viz., Dhandardihi
2, Searsole and Dalurbandh did not form any
separate cluster. Here Dalurbandh Lake being more

similar to (D1+H) united to forma (D1+H+DAL)
cluster. Next Dhandardihi 2 Lake joined individually
to make a (D1+H+DAL+D2) cluster and finally the
least similar  Searsole Lake united with
(D1+H+DAL+D2) cluster to complete the linkage
(Figure 3a). However, when the analysis was
determined regarding the zooplankton abundance, it
showed different results (Figure 3b) that Dhandardihi
1 and Dhandardihi 2 Pit Lakes together formed a
cluster (D1+D2), whereas other lakes did not make
any separate cluster among them. Here Searsole Lake
being more alike with (D1+D2) compared to other
individual lakes, it joined to form a (D1+D2+S)
cluster. With this cluster next closer Lake
Dalurbandh joined and finally least similar
Harabhanga Lake in rotifer community united to
complete the linkage. Brachionus calyciflorus
showed a significant negative correlation with the
conductivity, salinity and alkalinity (r= -0.900;
p< 0.05).
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Table 5. The table presents the list of aquatic macrophytes observed at the study sites along with their ecotype

SI. No. Scientific name Family Habitat D1 D2 S D H
1 Chara sp. Characeae S - - - - +
2 Eichhornia crassipes Pontederiaceae FF + - - + +
3 Enydra fluctuans Asteraceae F - + + - -
4 Hydrilla verticillata Hydrocharitaceae S + - + + +
5 Ipomoea aquatica Convolvulaceae F + - + - +
6 Nymphaea sp. Nymphaeaceae F - - + - +
7 Nymphaea nouchali Nymphaeaceae F - - - + +
8 Phragmites karka Poaceae E - - - - +
9 Potamogeton sp. Potamogetonaceae S - - + + +
10 Trapa natans Lythraceae F - - - - +
11 Vallisneria spriralis Hydrocharitaceae S - - + + +
12 Ceratophyllum demersum Ceratophyllaceae S - - + + +
13 Lemna minor Lemnaceae FF + - + + +
14 Spirodela polyrrhiza Araceae FF + - + + +
15 Azolla pinnata Salviniaceae FF + + + + +
16 Ludwigia perennis Onagraceae FC + - - + +
17 Ottelia alismoides Hydrocharitaceae S - - + - +
18 Hygrophila auriculata Acanthaceae E - - + - +
19 Ipomoea carnea Convolvulaceae S + - + - +
20 Marsilea minuta Marsileaceae RF + + + + +

Table 5. D1 — Dhandardihi 1, D2 — Dhandardihi 2, S — Searsole, D — Dalurbandh, H — Harabhanga. E — emergent, S —
submerged, FF — free floating, F — floating, FC — floating and creeper. “+” represents present and “—" represents absent.

Brachionus forficula showed significant positive
correlation with the turbidity (r= 0.900; p<0.05)
while negative correlation with the phosphate
(r= -0.900; p<0.05); Brachionus falcatus showed
significant negative correlation with the conductivity
and salinity (r= -0.900; p<0.05). Brachionus
diversicornis significantly negatively correlated with
the nitrate (r=-0.900; p<0.05); Brachionus caudatus
personatus showed significant positive association

with the hardness (r= 0.894; p<0.05) and significant
negative correlation with both the pH and nitrate
(r= -0.894; p<0.05). Lecane (Monostyla) bulla
showed significant negative correlation with the
temperature (r= -0.894; p<0.05) (Table 6). Mann—
Whitney (p=0.0001) and Kolmogorov—Smirnov test
(p= 0.001) demonstrated that there was a significant
difference regarding the abundance of different
rotifers taxa between the studied pit lakes.
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Figure 3. Hierarchical cluster analysis of the study sites based on the (a) physicochemical criteria and (b) rotifer
community structure. H — Harabhanga Pit Lake, D1 — Dhandardihi 1 Pit Lake, D2 — Dhandardihi 1 Pit Lake, S — Searsole

Pit Lake, DAL — Dalurbandh Pit Lake
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Table 6. Spearman correlation matrix showing significant correlations between the physicochemical parameters and the

biotic community

Rotifer Temp pH TDS CON HARD ALK SAL DO BOD PHOS NITR TUR
Ba .205 -103 -308 -154 -.051 -205 -103 410 -205 .718 .616 -.564
Bc -.200 .300 -700 -900° -.100 -900° -.900" -100 -.400 .300 .100 .300
Bf -.200 .700 -700 -900* -.500 -600 -900* -600 -.600 -300 .100 .800
Bfo -.100 .600 -100 -200 -.500 200 -200 -800 -300 -900* -200 .900*
Bd .500 -700 0.000 .100 .600 100 .500 -100 .100 .200 -.900* 0.000
Bep 224 -894* 224 224 894*  -112 447 335 447 447 -.894* -335
Bca 0.000 -707 707 .707 707 354 707 354 707 0.000 -707 -354
Bs 0.000 -707 707  .707 707 354 707 354 707 0.000 -707 -354
Bq 707 .354 -354 0.000 -.707 707 .354 -707 -707 -354  .354 .354
Bk 707 .354 -354 0.000 -.707 707 .354 -707 -707 -354  .354 .354
Kt .100 .100 -400 -300 -.200 -300 -300 .300 -300 .600 .700 -.400
Kc .205 -872 -051 -051 .872 -462 154 564  .308 .872 -564  -.564
Kl .354 -35  -707 -707 .354 -707 -354 0.000 -354 .707 -354  0.000
FI -.600 .600 400  .300 -.500 200 -200 .200 .200 -400  .800 -.100
Ab 447 335 -112 224 -.671 671 .335 -224 -447 -112 783 -112
Lb -.894* 671 224 -112 -335 -335  -671 112 224 -447 447 224
Le 707 .354 -354 0.000 -.707 707 354 -707 -707 -354 354 .354

*Correlation is significant at the 0.05 level (2-tailed). For rotifer, acronym see Table 2.

Canonical Correspondence analysis (CCA)
diagram showed a correlation between the different
diversity indices and species richness with the
different water quality parameters. The two canonical
axes explain more than 98% of variations of the
dataset with the Eigenvalues being 0.0026 and
0.0004, respectively. From the CCA diagram, it can
be observed that Shannon and Weaver index (H') was
positively correlated with salinity, hardness, TDS,
conductivity and BOD. Evenness (E) showed an
affinity with the turbidity whereas species richness
(D) was linked with nitrate (Figure 4). Also, CCA
reveals the influence of different aquatic
macrophytes on the rotifer community structure
(Figure 5). The two canonical axes explain about
72% of variations of the dataset. From the CCA

diagram, it is observed that B. caudatus personatus,
B. caudatus aculeatus, B. diversicornis, K. cochlearis
and K. lenzi are influenced by Enydra fluctuans,
Chara sp., Trapa natans, Ludwigia perennis and
Ottelia alismoides. Keratella tropica, Brachionus
angularis and Lecane (Monostyla) bulla are
influenced by Nymphaea nouchali and
Ceratophyllum demersum. Filinia longiseta and
B. calyciflorus are influenced by Azolla pinnata.
B. falcatus are influenced by M. minuta, Phragmites
karka and H. verticillata. Asplanchna brightwelli is
influenced by Eichhornia crassipes, Spirodela
polyrrhiza and Ludwigia perennis. Brachionus
forficula, B. quadridentatus, Lepadella sp., and
B. kostei are influenced by Ipomoea carnea and
Ipomoea aquatica.
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Figure 4. CCA biplot of the Shannon and Weaver diversity index (H'), evenness index (E) and species richness (D) as
dependent variables against the physicochemical parameters shows a strong correlation. Temp — Temperature, TDS —
Total dissolved solids, CON — Conductivity, TH — Total hardness, Alk — Total alkalinity, SAL — Salinity, DO — Dissolved
oxygen, BOD — Biochemical oxygen demand, PHOS — Phosphate, NIT — Nitrate, TUR — Turbidity.
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Figure 5. CCA biplot showing the relationship between aquatic macrophytes and rotifer communities

Discussion

Six different genera of rotifers have been
identified during the study, where the genus
Brachionus is most speciose while Keratella is least
speciose. The lower alkalinity level in this study
showed the strong buffering potential of the surface
water of the pit lakes. At Harabhanga Pit Lake the
lower DO value was liable for its higher alkalinity.
Specific causes of hardness appears to be the
presence of calcium and magnesium ions in water.
The usage of soap, detergents and other cleaning
products for washing practices in the Searsole Pit
Lake contributed to a greater hardness level than
other locations. In some sampled Pit Lakes
(Harabhanga, Searsole and Dalurbandh) elevated
phosphate concentration was found, suggesting

enrichment of the nutrients. This in turn leads to
greater plankton abundance which is reflected in our
study. This culminated in relatively large nitrate
levels, as the Harabhanga, Searsole and Dalurbandh
Pit Lakes specifically receive domestic sewage
through drainage systems from the nearby household.
The rotifers’ correlation tests against the
environmental variables indicate a strong positive
connection to the TDS, conductivity, hardness,
salinity, DO, BOD, phosphate, nitrate, and turbidity
as per this study. Several surveys across the globe
have recorded the density of the rotifers and other
zooplanktons with different relevant
physicochemical parameters of different water
bodies, including eutrophic freshwater lakes (Anton-
Pardo et al. 2016; Sharma et al. 2016; Gupta and Devi
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2014; Sharma and Pachuau 2013) as well as in the
gravel-pit lakes (Vucic et al. 2019). However, it is
possible that this is the pioneer work about the rotifer
composition of the coal mine generated pit lake
ecosystem in RCF. The important finding of this
research is the mean density of rotifers is 98.40 ind/I,
which is quite low. This may appear to be the
condition of the studied pit lakes. Such a trend was
also apparent in many reports on the prevalence of
zooplankton and limnological variables encountered
throughout the globe (Joniak and Kuczynska-Kippen
2016; Burdis and Hirsch 2017). The younger pit lakes
and the harsh environmental conditions resulted in
less species diversity compared to elderly normal
lakes. During the succession of this ecosystem when
the community will reach its climax, diversity may
increase (Lipsey 1980; Ejsmont-Karabin 1995;
Hindak and Hindakova 2003). Pawlikiewicz and
Jurasz (2017) found that Shannon diversity index
value was increased along with the size of a water
body. Mimouni et al. (2018) have described water
body size as one of the significant local variables that
influences  variability like the zooplankton
population. However, it was not noticed during this
investigation. In Searsole and Dhandardihi 1 Pit
Lakes, Shannon diversity index value was found to
be higher compared to the other pit lakes tested, as
these two pit lakes are relatively older and ecological
succession got adequate time than the other studied
pit lakes. The correlation found between the rotifer
density and physicochemical variables like
temperature, pH, conductivity, hardness, salinity,
phosphate, nitrate and turbidity reflects the changes
of rotifers’ population composition mostly. In the
Dhandardihi 2 Pit Lake, high pH illustrated the
resalinization of the lakes linked to the freshwater
inputs. The role of pH in structuring the rotifer
community has appeared in the correlation and CCA
analysis. Several experiments have demonstrated the
vulnerability of the freshwater rotifers to elevated pH
values (Bérzin§ and Pejler 1987). Besides the
geographical influences, the variations in the
composition of the rotifers are probably related with
the water quality variables such as nitrate and
phosphate content, turbidity and temperature regime,
as it is obvious from the observation of tropical lakes
across the globe (Burdis and Hirsch 2017). This study
also showed that L. (Monostyla) bulla is positively
correlated with the temperature. The correlation
study represents the sensitivity of a single
zooplankton to the environmental factors (water
quality parameters) seemed to be different a little
from those observed in Manipur, Maharashtra, and
Tamil Nadu because of the habitat conditions and the
limnological variables of the pit lakes (Gupta and
Devi 2014; Sharma et al. 2016; Rajagopal et al. 2010;

Shinde et al. 2012). Previous findings indicated that
the frequency and distribution of individual rotifer
were generally affected by the trophic environment
(Duggan et al. 2001; Wen et al. 2011). Throughout
this analysis, Brachionus spp. dominated rotifer
assemblages. Brachionus spp. are stated to be the
most common rotifer in eutrophic lakes as they are
strong pollution tolerant (Tasevska et al. 2012).
Ismail and Adnan (2016) further reported that
Brachionus spp. are one of the potent trophic
indicators, as they are less influenced by algal bloom.
The comparatively large rotifer abundance observed
in both Harabhanga and Searsole Pit Lakes may have
been correlated with macrophyte cover. During field
sampling, large submerged macrophyte cover was
recorded in these pit lakes. In a few experiments in
other temporary and permanent waterways and
stormwater storage systems, a clear beneficial
association between zooplankton richness and
macrophyte abundance has been demonstrated
(Mimouni et al. 2018; Sun et al. 2019). Feasible
macrophyte impacts that might drive richness of
zooplankton species involve ecological gradients
along with food availability and low visibility of
predators (Mimouni et al. 2018). Many reports
support this observation (Basu et al. 2000;
Kuczynska-Kippen and Nagengast 2003). In
comparison, reports suggest that planktonic
organisms such as Keratella spp. and Brachionus
spp. can sometimes be bound to macrophytes (Green
2003). Submerged macrophyte vegetation is a very
significant biotic factor for sustaining healthy lake
ecosystem. Although several studies have examined
the relationships in different lake environments
between macrophytes and zooplankton, no research
has yet been performed in these pit lakes formed by
open cast mining operation. Taking the findings of
this report as a foundation, further assessment of
these pit lakes may be conducted to determine the
overall ecological health and integrity. The present
findings of correlation between the zooplankton
assemblages and their responses to various biotic and
abiotic factors will certainly pave the way for
estimating the susceptibility of the native species of
these major water bodies to specific kinds of stress.
In turn, to conserve and allow judicious use of such
tremendous water bodies, improved monitoring of
these lake ecosystems would be required to take
necessary measures towards their management and
conservation. These findings showed the rotifer
assemblages and their diversity at the different coal
mine generated pit lakes.

The findings of this analysis show that the
distribution and abundance of various rotifer
organisms were determined by specific water quality
parameters and aquatic vegetation. Despite the
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heavily impacted environment of the studied pit
lakes, several littoral species contributed to the total
zooplankton diversity and densities, emphasizing the
role of aquatic vegetation in providing habitat for
many zooplankton species. This study marks an
important contribution on the diversity of freshwater
zooplankton of India in general and that of the pit
lakes of West Bengal as well as the tropics and
subtropics in particular. Using the outcomes of this
study as a framework, subsequent monitoring of the
pit lakes concerned can be pursued to evaluate the
ecological quality and integrity of the aquatic
community. Despite this report's limitations, this
analysis still presents a holistic basis for further
studies related to rotifer distribution in the RCF
regions’ pit lakes. This can provide a vital framework
for local and national resource protection and
fisheries management. The output of this reseach can
be utilized for the effective pit lake management
strategy that includes involoving ecologists in the
construction of pit lakes, prioritizing ecosystem
development and proactive treatment in mine closure
preparation and eventually providing residents with
post-mining alternatives for their livelihood.
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Chlorella sorokiniana’ min izolasyonu, Molekiiler Tamlanmasi, Fototrofik,
Miksotrofik ve Heterotrofik Uretimi
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6z MAKALE BiLGIiSi

Izmir’in Giimiildiir bélgesinden alman su 6rneginde, seyreltme ve dékme plaka ARASTIRMA MAKALESI
yontemleri kullanilarak mikroalg izolasyonu yapilmstir. Isik mikroskobuyla

morfolojik olarak degerlendirilen tiirin Chlorella sp. oldugu saptanmuistir. Gelis :19.03.2020
Molekiiler yontemlerle mikroalg DNA’s1 izole edilerek 16S ve 18S rRNA gen Diizeltme :05.01.2021
bolgeleri PCR’da ¢ogaltilmistir. Bu dizinin sekanslanmasi ve filogenetik olarak Kabul .10.01.2021
degerlendirilmesi sonucu Chlorella sorokiniana oldugu belirlenmistir. Aksenik abu T
C. sorokiniana elde etmek igin santrifiij ile yikama, antibiyotik ile muamele, Yayim :26.08.2021
agar ortaminda bilyiitme ve tek hiicre izolasyonu gibi farkli yontemler
kullanilarak akseniklestirme isleminden basarili sonuglar elde edilmistir.
Fototrofik C. sorokiniana’ dan elde edilen biyokiitle (0,19 g L) ve spesifik
biiyiime hiz1 (0,78 giin't), miksotrofik C. sorokiniana’ dan elde edilen biyokiitle * SORUMLU YAZAR
(0,31 g L) ve spesifik biiyiime hiz1(1,3 giin'), heterotrofik C. sorokiniana’ dan
elde edilen biyokiitle (0,6 g L) ve spesifik bilyiime hiz1 (2,52 giin') olarak
belirlenmistir. Elde edilen bulgulara gore aksenik mikroalg C. sorokiniana’ nin
farkli iiretim kosullarindaki biyokiitle verimliligi su seklide siralanabilir:
heterotrofi>miksotrofi>fototrofi.
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Anahtar kelimeler: Chlorella sorokiniana, molekiiler tanilama, fototrofi,
miksotrofi, heterotrofi

Isolation, Molecular Identification, Phototrophic, Mixotrophic and Heterotrophic Production of Chlorella
sorokiniana

Abstract: Microalgae was isolated using dilution and pouring plate method from the sea water sample taken from the Gumuldur
region of Izmir. The species was identified as Chlorella sp. through morphologic evaluation under light microscope. Microalgae
DNA was isolated through molecular methods and 16S and 18S rRNA gene regions were amplified by means of PCR. As a result
of sequencing and phylogenetic evaluation of the gene regions, it was determined that the microalgae was Chlorella sorokiniana.
Different methods such as centrifuge washing, antibiotic treatment, growth on agar and single cell isolation used to obtain axenic
C. sorokiniana yielded successful results. Biomass and specific growth rate of phototrophic C. sorokiniana (0.19 g L and
0.78 days, respectively), mixotrophic C. sorokiniana (0.31 g L and 1.3 days™, respectively) and heterotrophic C. sorokiniana
(0.6 g Lt and 2.52 days™, respectively) were determined. According to the findings obtained, the biomass productivity of axenic
C. sorokiniana under different culture conditions can be ordered as: heterotrophy > mixotrophy > phototrophy.

Keywords: Chlorella sorokiniana, molecular identification, phototrophy, mixotrophy, heterotrophy
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Giris iretiminde; gelismekte olan {ilkelerde ise atik

Diinyada 30.000° den fazla mikroalg tiirii vardir ~ aritim1  ve proteince zengin gida ve yem
ve bunlardan sadece 100’ ¢ yakini ekonomik agidan  katkist  {iretimini  birlestiren  kiigiik  dlcekli
degerlendirilmektedir (Sasson 1997, Borowitzka  projeler ile biiylik oOlgekli atik su aritiminda
1992). Mikroalgler, gelismis iilkelerde, pigmentler — kullanilirlar ~ (Sasson ~ 1997).  Mikroalglerin
gibi yiksek katma degerli bilesiklerin elde  kimyasal komposizyonu tiire ve kiiltlir kosullarina
edilmesinde, gida endiistrisi ve saglik amagh gida  gore degismekle (Zhu 2015) birlikte genellikle
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protein (%10-63) (Becker 2007; Miao ve Wu 2004)  gelisebilmektedir (Kim vd. 2013).
karbonhidrat (%6-57) (Yeh vd. 2010; Hariskos ve Heterotrofik  kiiltlirler,  1siksiz  kosullar
Posten 2014) ve lipitler (%4-55) (Becker 2007; altinda tek karbon kaynagi olarak organik
Miao ve Wu 2004) gibi primer metabolitlerden  karbonu kullanirlar. Miksotrofik kiiltiirler ise
olusur. ototrofik ve heterotrofik beslenmenin
Mikroalgler,  genellikle  ototrofik  olarak  birlesimi bir karakteristik gosterirler, karbon
yasarlar ve fotosentez yaparak, karbondioksit, su ve  kaynagi olarak hem organik hem de inorganik
giines 1518111 biyokiitleye doniistiiriirler  karbonu kullanirlar (Kim vd. 2013; Chen vd. 2011).
(Pragya vd. 2013; Zhu 2015). Fakat baz1 mikroalg  Heterotrofik ve miksotrofik biiylimede genellikle
tirleri enerji ve karbon kaynagi olarak organik  karbon  kaynagi  olarak = glikoz,
organik substratlar1 kullanarak heterotrofik ve  galaktoz, mannoz, fruktoz, siikroz ve laktoz
miksotrofik olarak da gelisebilirler (Chen 1996; Lee  kullanilmaktadir (Abreu vd. 2012). Organik

2001). Ornegin, Chlorella vulgaris (Mitra vd. 2012),
Chlorella  sorokiniana (Wang vd. 2012),
Chlorella  zofingiensis  (Liu  vd. 2011),
Haematococcus pluvialis (Kobayashi vd. 1992),
Spirulina platensis (Marquez vd. 1993) ve
Botryococcus braunii (Zhang vd. 2011) ototrofik,
heterotrofik  ve  miksotrofik  sartlar  altinda

karbondan elde edilen enerji, hiicre sentezinde
kullanilirken, 151tk enerjisinden  doniistiiriilen
kimyasal enerji depolanmaktadir (Chojnacka ve
Marquez-Rocha 2004). Mikroalg kiiltiir kosullarina
bagli enerji ve karbon kaynaklar1 ve metabolit
yolagina gore pH degisimi Tablo 1' de
gosterilmektedir.

Tablo 1. Ototrofik, heterotrofik ve miksotrofik sartlarda enerji ve karbon kaynagi, pH degisiminin 6zeti
Table 1. Summary of energy and carbon source, pH change in autotrophic, heterotrophic and myxotrophic conditions

Kiiltiir tipi  Enerji kaynagi  Karbon kaynagi Metabolizma
Ototrof Isik Inorganik H,0+HCO3;—C(biyokiitle)+1/20,+30H ™ pH artar.
Heterotrof Organik Organik (1+a)CH,0+0,—C(biyokiitle)+aCO2+(1+a)H,O: pH azalir.
Miksotrof Isik ve organik Inorganik ve bHCO3+cCH20—(b+(c-a))C(biyokiitle)+30H +aCO,: pH

organik

degiskendir.

Ototrofik  mikroalgler, inorganik karbonu
kullanirlar ve hidroksil iireterek pH’1 yiikseltirler.
Heterotrofik ~ mikroalgler,  organik  karbonu
kullanirlar ve CO2 ireterek pH’1 disiiriirler.
Miksotrofik mikroalgler es zamanli olarak hem
organik hem de inorganik karbonu kullanirlar ve pH
degeri degiskenlik gostermektedir. (Elcik ve
Cakmake1 2017).

Literatiir taramasi1 sonucu ototrofik, heterotrofik
ve miksotrofik mikroalg biliylime hizi sirasiyla
0,2-0,7 giin?, 0,4-0,9 giin™* ve 0,3-0,6 giin* arasinda
degismektedir. Heterotrofik mikroalglerin biiyiime
hizinin, diger kiiltiir tipleriyle kiyaslandiginda daha
yiiksek oldugu goriilmektedir. Heterotrofik biiyiime
sekli  oOzellikle  degerli  kimyasallarin  ve
farmasotiklerin tretimi i¢in uygundur.

Yapilan bu ¢aligmada, yerel bir kaynaktan izole
edilen 6rnegin morfolojik ve molekiiler yontemler
kullanilarak tiir teshisi yapilmus ve Chlorella
sorokiniana oldugu saptanmustir. Biyoteknolojik
olarak 6nemli bir tiir olan C. sorokiniana fototrofik,
miksotrofik ve heterotrofik {iiretim potansiyeli
acisindan degerlendirilmistir. Sonu¢ olarak en

verimli iiretim yontemi heterotrofik sartlar altinda
saglanmugtir.

Materyal ve Metot

Bu c¢alismada kullanilan Chlorella sorokiniana
[zmir’in Giimiildiir bolgesinden izole edilmistir.
ESW (Enriched Seawater) ortami kullanilarak tiiriin
kiiltiirii yapilmistir (Tablo 2) (Provasoli 1963,1968;
McLachlan 1973).

ESW ortami hazirlamak i¢in 1L steril edilmis
deniz suyuna 20 mL/L zenginlestirilmis c¢ozelti
(Enrichment Sewater Solution) eklenerek pH 7,8
olarak ayarlanmigtir. Heterotrofik ve miksotrofik
kiiltiirlerde karbon kaynagi olarak glukoz (3 g/L)
kullanilmugtir.

Kiltiirii  yapilan mikroalg o6rnegi diizenli
araliklarla kiiltiir ortamlarn ile seyreltilerek ve
dokme plaka yontemi kullanilarak izole edilmistir.
Kiiltiire alinan 6rnek agar (%1,5) besiyerine ve yatik
agara ¢izgi ekim metodu uygulanarak saklanmigtir
(Sukatar 2002). Saflastirilan tiir, 25°C’de ve siirekli
aydinlatmada (Wiselight marka 24W day-light)
steril agar iizerinde inkiibasyona birakilmigtir.
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Tablo 2. ESW (Zenginlestirilmis Deniz Suyu) ortaminin hazirlanist
Table 2. Preparation of ESW (Enriched Seawater) medium

Kimyasal Miktar Son konsantrasyon
NaNO; 2,35 ¢g/L 34 mM
Naygliserofosfat.5H,0 0,35g/L 1,6 mM

ES Fe Cozeltisi 163 mL/L

P-1I Metal Cozeltisi 163 mL/L

Tris 1lg/L

Vitamin B12 1,5 mL/L

Biotin Vitamin Cozeltisi 1,5 mL/L

Tiamin Vitamin Cozeltisi 1,5 mL/L

ES Fe Cozeltisi

Kimyasal Miktar Son konsantrasyon
FeCls;.6H,0 0,35 g/500 mL 1,8 mM
Na,EDTA.2H,0 0,30 g/500 mL 1,6 mM

P-I1 Metal Cozeltisi

Kimyasal Miktar Son konsantrasyon
Na,EDTA.2H,0 0,1 g/100 mL 0,27 mM

H3BOs 0,114 g/100mL 1,8 mM
MnSQO4.H,0 16,4 mg/100 mL 0,097 mM
ZnS04.7H0 2,2 mg/100 mL 0,007 mM
CoCl,.6H.0 0,48 mg/100 mL 0,002 mM

Vitamin Cozeltisi

Kimyasal Miktar

Vitamin B12 0,0135 g/100 mL

Biotin 0,0025 ¢/100 mL

Tiamin 0,11 g/100 mL

Saflastirilan mikroalgin morfolojik tayini i¢in
151k mikroskobu (Olympus CH40) kullanilmstir.
Molekiiler tiir tayini i¢in mikroalg DNA’lari,
ZRFungal/Bacterial DNA  Kiti  kullanilarak
saflastirilmistir. 50-100 mg agar ylizeyinden alinan
mikroalg hiicresi 200 pl ultra saf su igerisinde
porselen boncuklarin oldugu tiipe alinarak iizerine
lizis soliisyonu eklendikten sonra hiicrelerin
parcalanmasi i¢in maksimum hizda 5 dk vorteks
yapilmistir. Lizis tipi 10.000 x g de 1 dk
santrifiijjlendikten sonra Spin filter tiipiine aktarilan
siipernatant 7.000 rpm de 1 dk santrifiij edilmis ve
DNA Binding Tamponu eklenerek toplama tiipiine
ilave edilmigtir. Zymo-Spin Column toplama tiipii
icerisine yerlestirilen ve 10.000 x g 1 dk santrifiij
edilen Zymo-Spin Column yeni toplama tlpi
igerisine  yerlestirilir ve filtre {izerine DNA
Pre-Wash Tamponu ilave edilip, 10.000 x g 1 dk
santrifiijlendikten sonra 500 pl DNA Wash
Tamponu ilave edilir ve sonra tekrar ayni sekilde
santrifiijlenir. Zymo-Spin Column 1,5 ml steril
ependorf igerisine dikkatlice yerlestirilir ve {izerine
DNA Elution Tamponu ilave edilerek 10.000 x g 30
saniye santrifiijlenerek filtrede tutulan DNA’nin
ependorf  igerisine  toplanmasi  saglanmistir.
Mikroalg genlerinin spesifik bdlgelerinin PCR
(HelixAmp™  HyberSense  DNA  polimeraz

(Nanohelix) kiti) yontemiyle amplifikasyonlar1 i¢in
mikroalglerin gen bdlgelerine 6zgiil primer dizileri
16S rRNA 359F (5°-GGG GAA TYT TCC GCA
ATG GG-3’) -781R(a) (5’-GAC TAC TGG GGT
ATC TAA TCC CAT T-3’) ve (b) (5-GAC TAC
AGG GGT ATC TAA TCC CTT T-3°) ve ayrica
18S ribozomal kiigiik alt birim rRNA SSU-F
(5-TGG TTG ATC CTG CCA GTA G-3', SSU-R;
5-TGA TCC TTC CGC AGG TTC AC-3)
kullanilmigtir  (Niibel, 1997; Boutte vd. 2006;
Yildirnm vd. 2014). PCR cihazi HelixAmp™
HyberSense DNA polimeraz kiti kullanilarak;
ilk denatiirasyon adimi1 95 °C de 2 dk olarak tek
adimda baglatilmis ve 35 dongii 95 °C de 30 s,
baglanma 1sis1 (359F-781R (a, b)) icin 65°C
ve SSUF-R i¢in 54 °C sicaklikta 40 s de, 72 °C de
40 s den sonra son uzama adimi, 1 dongii olarak
72 °C de 5 dk olacak sekilde ayarlanmistir. DNA ve
PCR iirtinleri %! agaroz jel elektroforezin de
1x-Tris-borik asit-EDTA (TBE) tamponu igerisinde

5 V/em yiritildikten sonra SYBR safe ile
boyanan jel UV  goriintileme cihazi ile
goriintiilenmistir.

PCR sonuglarmin dizi analizi Izmir Ileri
Teknoloji Enstitiisii Biyoteknoloji ve

Biyomiihendislik Merkezi Arastirma Laboratuari’
nda (ABI3130XL, 16 KAPILLER SISTEM)
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yaptlmistir.  Sonuglar ~ NCBI-Blast  programi
yardimiyla degerlendirilmistir.
Hiicre konsantrasyonunu tespit etmek ve

bliylime grafiklerini ¢ikarabilmek i¢in giin asiri
ornek almmustir. 2,5 mL mikroalg drneginin 2 mL’si
optik yogunluk (OD) o6l¢limiinde ve geri kalam
Neubauer sayim kamarasi yardimiyla mikroskop
altinda sayilmigtir. C. sorokiniana’nin OD degeri

600 nm’de Ultraspec 1100 pro markal
spektrofotometre kullanilarak 6l¢iilmiistiir.

Spesifik  biiyiime hizlarmin  ve ikilenme
siirelerinin  hesaplamalart  Becker (1995)° in
formiiliine gére yapilmistir.

_ Inx2 — Inx1
m= At

u, spesifik biiyiime hizi; x2, t2 zamanindaki
hiicre konsantrasyonu; x1, tl zamanindaki hiicre
konsantrasyonu; At =t2-t1, DT, ikilenme siiresi

_ n2
u

Aksenik kiiltiir izolasyonu i¢in 100 pg. mL*
ampisilin, 25 pg. mL?! kanamisin, 25 pg. mL*
streptomisin ve 25 pg. mL?' gentamisin iceren

DT

antibiyotik kokteyli 0,2 pm steril filtreden
gecirilerek kullanilmstir. Antibiyotik
uygulamasindan o6nce C. sorokiniana ornegi

4500 rpm’ de 5 dk siireyle santrifiij islemiyle steril
kiiltir ortamn ile 3 kere yikanmustir. Islem
sonrasinda kalan pellet, 5 ml taze ESW ortamiyla
homojenize edilerek 200 pl antibiyotik kokteyli
eklenmis ve 24 saat bekletilmigtir. Kiltiir taze ESW
ortamina alinarak antibiyotiksiz agara ¢izgi ekim
yontemiyle transfer edilmistir. Santrifiij islemiyle
bakteri sayisi1 azaltilan kiiltiir ayn1 zamanda 5 ml
taze ESW ortamina transfer edilmis ve 25 pl 6rnek
antibiyotikli agar iizerine ¢izgi ekim yoOntemiyle
ekilmistir. Hem antibiyotikli hem de antibiyotiksiz
agar iizerinde olusan mikroalg kolonileri steril
edilmis kiirdan yardimryla teker teker toplanip 3 mL
steril sivi ortam igeren test tiiplerine alinmustir.
Yogun 1sik altinda inkiibatorde inkiibasyona
brrakilmustir.

Yogunlasan kiiltlirlerin akseniklik testi i¢in 100
pL 6rnek “Nutrient Agar” iizerine yayma ekim
yontemiyle transfer edilerek 30°C* de 2-3 giinliik
inkiibasyona birakilmistir.

Bulgular

Chlorophyta  grubunun iyeleri  genellikle
2-10 pm capindaki boyutlara sahiptir. Hiicreler
kiiresel ya da elipsoid sekillidir. Ayrica hiicrelerinde
tek nukleus ve bir kromatofor vardir, tek tek oldugu
gibi koloni de meydana getirebilirler. Vejatatif
sathada kamcilar1 olmayan, hareketsiz alglerdir.

131
Kloroplastlarinda bulunan pirenoidlerde nisasta
olustururlar. Nisastay1 sitoplazma yerine

kloroplastlarinda olusturduklar1 i¢in diger alg
gruplarindan ayrilirlar. Bu grup {yeleri hem
denizlerde hem de tathh sularda yayilis gosterir
(Giiner ve Aysel 1991).

Mikroalg  taksonunun  smiflandirilmasinda
AlgacBase web sitesi temel alinmistir (AlgaeBase
2021).

Domain : Eukaryota
Kingdom : Plantae
Subkingdom : Viridiplantae
Infrakingdom : Chlorophyta infrakingdom
Phylum : Chlorophyta
Subphylum : Chlorophytina
Class : Trebouxiophyceae
Order : Chlorellales
Family : Chlorellaceae
Genus : Chlorella
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Sekil 1. Chlorella sp.’nin 151k miskoskobu goriintiisii 60X
Figure 1. Light microscope image of Chlorella sp. 60X

Chlorophyta iiyelerinin morfolojik olarak birbirine
¢ok benzemesi sebebiyle molekiiler olarak
tanilamay1 da zorunlu kilmistir. Les Algues D'eau
Douce, Initiation a la systématique (Bourrelly
1966/70) mikroalg katalogu yardimiyla 151k
mikroskobuyla morfolojik olarak Chlorella sp.
Beyerinck [Beijerinck], 1890 oldugu tespit edilen


https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846520
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=846591
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=5811
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tiirlin (Sekil 1) DNA’s1 ZRFungal/Bacterial DNA
Kiti ile izole edilmistir (Sekil 2).

Sekil 2. Chlorella sp.” nin elde edilen DNA’ simn
agoroz jel ftzerindeki goriintisi Marker (M) 1kb
DNA ladder (10,0 kb, 8 kb, 6,0 kb, 5,0 kb, 4,0 kb, 3,0
kb, 2,0 kb, 1,5 kb, 1,0 kb ve 0,5 kb); 1(a)-2(b)

Figure 2. The image of DNA obtained from
Chlorella sp. on agarose gel Marker (M) 1kb DNA
ladder (10.0 kb, 8 kb, 6.0 kb, 5.0 kb, 4.0 kb, 3.0 kb,
2.0 kb, 1.5 kb, 1.0 kb and 0.5 kb); 1 (a) -2 (b)

359 F-781R(a) igin baglanma sicakligi 62 °C,
359 F-781R(b) i¢in Nanohelix PCR kitinde 65 °C
derece kullanilarak optimizasyonlar1 yapilmistir.

Sekil 3’ de elde edilen PCR sonuglarina gore
359F-781R(a) primeriyle ¢ogaltilan DNA silik bir
bant olustururken, 359 F-781R(b) primeriyle
¢ogaltilan DNA, belirgin bir bantlagma gdstermistir.
PCR da cogaltilan 18S rRNA gen bolgesi de Sekil 3
de belirtilmistir.

Dizi analizi sonuglari NCBI-Blast programina
gore;

359F-781R (a) Auxenochlorella protothecoides
16S small subunit ribosomal RNA gene, partial

sequence;  chloroplast, AY553213.1;
maksimum %90 benzerlik gostermistir.

359F-781R (b) Chlorella sorokiniana plastid
DNA small subunit (16Slike) ribosomal RNA,
X65689.1; tiirine maksimum %97 benzerlik
gdstermistir.

SSUF-SSUR  Chlorella sorokiniana isolate
34-2 18S ribosomal RNA gene, KU948991.1 tiiriine
maksimum %97,88 benzerlik gostermistir (Tablo 3).

tiirtine

M F-RaF-Rnj!

Sekil 3. PCR sonuglari, 1: Marker (M);356F-781R(a)
(F-Ra); 356F-781R(b) (F-Rb); 2: Marker (M); SSUF-
SSUR (SSU)

Figure 3. PCR results, 1: Marker (M): 356F-781R (a) (F-
Ra); 356F-781R (b) (F-Rb); 2: Marker (M); SSUF-SSUR
(SSv)

Akseniklik kontrolii icin yogunlasan
kiiltiirler “Nutrient Agar” iizerinde temiz bir goriintii
olusturmustur. Mikroalg disinda bir
mikroorganizma {liremedigi gozlenmistir (Sekil 4).
Ayrica  kiiltirin -~ optik  yogunlugu  (OD),
bulanikligi, pH degisimi ve Faz-Kontrast
mikroskobuyla kontaminasyon igerip icermedigi
kontrol edilmistir.

Sekil 4. Aksenik Chlorella sorokiniana kiiltiirii
Figure 4. Axenic Chlorella sorokiniana culture
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Tablo 3. Cogaltilan gen bolgelerinin NCBI daki niikleotid dizileri ile uyumu (BLAST 2021)
Table 3. Compatibility of the amplified gene regions with the nucleotide sequences in NCBI (BLAST 2021)

Tanimlama Maksimum  Skor  Sorgulama E Yiizde Erigim
skor kilifi degeri tanimlama numarast
Chlorella sp. EGEMACC40 18S small 1794 1794 1 0.0 9%100,00 JQ981943.1
subunit ribosomal RNA gene, partial
sequence

Chlorella sorokiniana isolate 34-2 18S 1622 1622 0,96 0.0 %97,88 KU948991.1
ribosomal RNA gene, partial sequence

Chlorella sp. YACCYB97 18S ribosomal 1607 1607 0,97 0.0 %97,57 MH619545.1

RNA gene, partial sequence
Pseudochlorella pringsheimii 18S ribosomal 1605 1605 0,97 0.0 %097,47 KY364701.1

RNA gene, internal transcribed spacer 1,
5.8S ribosomal RNA gene, internal
transcribed spacer 2, and 28S ribosomal
RNA gene, complete sequence

Chlorella sp. QUCCCM33 18S ribosomal 1605 1605 0,97 0.0 %97,47 KM985401.1
RNA gene, partial sequence
Chlorella sorokiniana strain SAG 211-31 1605 1605 0,97 0.0 %97,47 KF673387.1
18S ribosomal RNA gene, complete
sequence
Chlorella sp. ZJU0209 18S ribosomal RNA 1605 1605 0,97 0.0 %97,47 JX097061.1
gene, partial sequence
Chlorella sorokiniana 18S rRNA gene, 1605 1605 0,97 0.0 %97,47 X74001.1
strain Prag Al4
Chlorella sorokiniana strain Icheon4 18S 1604 1604 0,97 0.0 %97,47 KF864476.1

ribosomal RNA gene, partial sequence

C. sorokiniana' nin fototrofik tiretimi

09 2000000~
08 18000005
207 1600000,3
<
S 06 1400000=
S 12000005
Q05 g
0 100000042
S 04 2
s 800000 ,3
g03 600000 T

<02 400000

01 200000

0 0
1 2 3 4 5 6 7 8 9 10 11 12
Zaman (giin)
=@=—0D Hiicre sayisi (hiicre/ml)

Sekil 5. Chlorella sorokiniana’ nin 12 giinliik fototrofik kosullar altinda optik yogunluk ve hiicre sayis1 dl¢iim sonuglari

Figure 5. Optical density and cell number measurement results of Chlorella sorokiniana under 12-day phototrophic
conditions
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Sekil 6. Chlorella sorokiniana’ nin 12 giinliik heterotrofik kosullar altinda optik yogunluk ve hiicre sayist ol¢iim
sonuglari
Figure 6. Optical density and cell number measurement results of Chlorella sorokiniana under 12-day heterotrophic
conditions
C. sorokiniana' nin miksotrofik iiretimi
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Sekil 7. Chlorella sorokiniana’ nmn 12 gilinlik miksotrofik kogullar altinda optik yogunluk ve hiicre sayist 6l¢iim

Figure 7. Optical density and cell number measurement results of Chlorella sorokiniana under 12-day myxotrophic

sonuglari
conditions

Pigment farkindan dolayr OD’nin birbiri
ile karsilagtirilamayacagi diistiniiliirse
biyokiitle artisi esas alinmistir. 12 giinliik
deney  siiresince Sekil 5, 6 ve 7’de

gosterildigi gibi C. sorokiniana’ nin hiicre sayisi
baglangigtaki  hiicre sayisina gore fototrofik
iretimde yaklasik 2 kat, heterotrofik iiretimde
7,5 kat ve miksotrofik iiretimde ise 5,2 kat artmigtir.
Bu {i¢ tretim sekline gore C. sorokiniana’nin

spesifik biiyiime hiz1 ve ikilenme siiresi Tablo 4’ te
verilmistir.

C. sorokiniana fototrofik, heterotrofik ve
miksotrofik {iretim acisindan degerlendirildiginde
maksimum biiyiimenin 8. giin oldugu bulunmustur.
Aksenik C. sorokiniana’ mn farkli  {retim
yontemleri  karsilagtirildiginda en iyi {retim
yonteminin (Sekil 6) heterotrofik iiretim yonteminde
oldugu belirlenmistir.
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Tablo 4. Fototrofik, miksotrofik ve heterotrofik tiretimi yapilan C. sorokiniana’nin spesifik biiyiime hiz1 (n degeri) ve

ikilenme stireleri

Table 4. Specific growth rate (p value) and doubling times of C. sorokiniana produced under phototrophic,

myxotrophic and heterotrophic conditions

Spesifik biiyiime hizi (giin™)

ikilenme siiresi (giin)

Fototrofik iiretim 0,069 10,05
Miksotrofik iiretim 0,108 6,93
Heterotrofik iiretim 0,247 2,56

Tartisma ve Sonug¢

Son yillarda yenilenebilir enerji kaynaklarina ve
ekonomik iiretim yontemlerine olan ilgi artmustir.
Alglerin bu enerji kaynaklar1 arasindaki yerini alma
nedeni ise hizli biiylime 6zelligine sahip olmalari,
ortam kosullarindaki degisimlere dayamikli ve
toleransli olmalar1 sayilabilir. Mikroalgler genelde
fotosentetik organizmalar olarak degerlendirilir.
Ancak yapilan ¢aligmalar ¢ogu tiiriin heterotrofik ve
miksotrofik biiyiime yetenegi oldugunu gdstermistir
(Droop 1974). Ayrica bu heterotrofik tiirler
neredeyse alglerin biitiin taksonomik siniflarinda
bulunurlar. Gegtigimiz elli yil igerisinde gelistirilen
fermantasyon teknolojisi ile biiyiilk miktarlarda

maya ve  bakterinin  endiistriyel  iiretimi
yapilabilmektedir ve bu teknoloji ile heterotrofik
algal  iiretim  kolayca  yapilabilir.  Diger

mikroorganizmalar i¢in kullanilan fermantasyon
tanklar1 ayn1 zamanda heterotrofik alg liretimi i¢inde
uygundur. Buna ek olarak hiicrenin biiyiimesi ve
biyokimyasal igerigini etkileyen bazi parametreler
de kontrol edilebilir. Ayrica verimliligi arttirma
maliyetleri azaltma metotlar1 ile ilgili zengin bir
endiistriyel mikrobiyolojik bilgi kaynagi da vardir.
Bulut (2009) tarafindan Chlorella vulgaris’ in
fototrofik {iretimi sonucu elde edilen maksimum
kuru agirlik 0,19 g. L olarak belirlenmistir. Baska
bir calismaya gore heterotrofik olarak firetilen;
Chlorella sorokiniana’ dan 1 g L h?, Nitzschia
alba’ dan 0,8 g L* h, Arhtrospira sp.” dan 1,2 ¢
L h'! biyokiitle elde edilmistir (AlgaePARC 2021).
Kim vd. (2013) tarafindan yapilan bir ¢aligmada
C. sorokiniana’ nin spesifik biiyiime hiz1 fototrofik,
heterotrofik ve miksotrofik kosullarda sirasiyla
0,24 giin?, 0,53 gin? ve 044 giin? olarak
bildirilmistir. Ayrica ayni ¢alisma sonuglarina gore
C. sorokiniana’ nin nitrojen ve fosfor giderim hizi
heterotrofik iiretimin fototrofik iiretimden iki kat
daha yiiksek oldugu goriilmiistiir. Heterotrofik
mikroalglerin organik substratlari ve besinleri
giderim hizi yliksek oldugu i¢in ileri atik su
aritiminda iyi bir segenek olabilir. Baytut vd. (2014)
Tiirkiye’ nin alg florasinda C. sorokiniana Shihira &
Kraus (A102) ilk kez 2014 yilinda kayit altina
almigtir. C.sorokiniana tatli sularda yasayan bir

yesil mikroalg olmasma (Kim vd. 2016) ragmen
Chen vd. (2013) yerel izolatlart olan C. sorokiniana
CY1 tiiriinii %20 deniz suyu ortaminda yetistirerek
yag miktarin1 % 61 ve biyokiitle miktarini ise 3g/L
olarak belirlemistir.

Sonug olarak, bu ¢alisma ile iilkemiz sularinda
yayilig gosteren bir yerel mikroalg izole edilmis,
molekiiler yontemlerle tanimlanmis laboratuvar
kosullarinda  kiiltiirii  yapilmigtir. NCBI  gen
bankasina kayit ettirilen mikroalg i¢cin JQ981943.1
aksesyon numaras1 almmustir. Tiir tayini yapilan
mikroalg &rnegi Ege Universitesi Mikroalg Kiiltiir
Koleksiyonu” na (EGE-MACC 40) eklenmistir.
C. sorokiniana biyokiitle verimliligi agisindan
degerlendirilerek bu tiir i¢in {i¢ {iretim seklinden en
iyi  sonu¢  heterotrofik  kosullar  altinda
saglanabilmistir. Bu ¢aligsma ile elde edilen verilerin
de ileride yapilmasi planlanan biiyiik 6l¢ekli {iretime
temel olusturabilecek On c¢alisma niteligi tasidigi
diistintilmektedir.
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Introduction
The pond bottom sediment is the storehouse in

sediment properties that arise through the
accumulation of organic matter, nitrogen and

the pond ecosystem. Hence good bottom sediment
and high-water quality are essential for successful
pond management (Muendo et al. 2014). Many
chemical and biological processes which occur on its
surface greatly influence the water quality and the
productivity of fish culture ponds (Boyd
1995). Factors associated with aquaculture practices
such as liming, fertilization, exogenous feeding of
fish, fish excrement, dead fish and increased
vegetation also cause organic accumulation in the
pond ecosystem and affect the physical and chemical
properties of the bottom sediment (Boyd et al. 2002).
These pollutants are preserved in the sediment over a
long period dependent on their chemical persistence
and physico- /bio- chemical characteristic of the
sediment (Singare et al. 2011). The resultant poor

phosphorus (Jamu and Piedrahita 2001) can lead to
low dissolved oxygen, high un-ionized ammonia,
high pH levels and high biological oxygen demand,
leading to deterioration of pond water quality and low
fish yield (Ludwig 2002). Furthermore, the
decomposition processes occurring in aquatic
sediments helps to recycle nutrients and during the
process, elements such as nitrogen, phosphorus, iron,
cobalt, and copper are interchanged between
sediment and the overlying water (Tsadu 1998).
Poor fish yield is the effect of reduced pond depth
(or available space for fish growth), increased
microbial activities and large fluctuations in water
temperature, as well as increased susceptibility of
fish to diseases associated with organic matter
accumulation in the pond sediment (Rahman et al.
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2004; Muendo et al. 2014). The proffered solution to
these problems has been removal and disposal of
such pond sediment to natural system which also
constitute threat to the ecosystem of the fish farm
(Rahman et al. 2004). This study therefore seeks for
appropriate pond management/fish culture method
that would reduce organic matter accumulation in
fishpond. Consequently, the study aimed at assessing
the effect of pond fertilization and water flowage on
the sediment characteristic of certain types of fish
ponds of a commercial farm in order to ascertain the
stability of the fish ponds.

Materials and Methods

Study Area

The fish ponds assessed belong to Niger Feeds
and Agricultural Operations Limited (NIFAGOL),
which is a commercial fishing company in Yakoyo-
Origbo, Ife North Local Government Area (LGA),
Osun State, Nigeria. The LGA includes primarily
rural and semi-urban villages and is roughly situated
on a general elevation scale of 250 to 265 m above
the sea, spanning between latitudes 07 © 25'N to 07 °©
40'N and longitudes 004 ° 25'E to 004 ° 30’E. The
Shasha River (one of the largest bodies on the
southwest) drains the LGA along with other water
bodies such as swamps, lakes, streams and rivers of
minor significance (Adedeji 2011).

The studied fish farm (NIFAGOL) established in
1984, consists of 18 ponds of varying sizes (ranging
from 432 m? to 6383 m?), each of which is
rectangular in shape and usually shallow (Adedeji
2011). Water supply to the ponds comes from a
reservoir (2 hectare surface area) located within the
farm. The aquaculture activities on the farm were in
semi-intensive form in which some ponds received
organic fertilizers in the form of chicken drop and
cow dung and the rest receiving inorganic fertilizers
(NPK). Fish stocked in all ponds were supplemented
by additional feed (pelleted feed) at a rate of 3% of
their body weight twice a day. The feed was produced
locally out of a combination of corn, soybeans,
fishmeal, millet, palm kernel cake, groundnut cake,
kernel-palm oil and the brewer waste. The water
retention period for the fertilized non-flow-through
ponds was six months and the unfertilized flow-
through ponds were not drained. Fish stock density in
all the culture ponds was 3 fish/m?2. In the majority of
ponds, Clarias gariepinus are monocultured and it
was polycultured with Oreochromis niloticus in the
flow-through ponds (Table 1).

Sample Collection and Analysis

Of the eighteen ponds in NIFAGOL
fish farm, only ten ponds were operational
during the study. Sediment samples for
sediment  characteristic ~ determinations  were
collected from six (Table 1) of these
ten ponds bimonthly over an  annual
seasonal cycle from November 2006 to
October 2007. The analysis composed of t
hree sets of ponds, based on existing cultural
practice, with regard to fertilizer treatment
and water flow. The first sets of two ponds were
fertilized non-flow-through ponds (FNF) and
received organic and inorganic fertilizers. The
second sets of two ponds were fertilized flow-
through ponds (FF) and received organic and
inorganic fertilizers. The third sets of two ponds were
unfertilized flow-through ponds (NFF) and received
no fertilizer (Adedeji 2011). Sediment samples were
taken bimonthly using an improvised mud grabber
(metallic plates of cross-sectional area of 15.2 by
15.2 cm).

The sediment samples were transferred to the
laboratory, air dried and crushed with a pestle in a
porcelain mortar. Then, they were sieved through a 2
mm mesh, before the analysis of selected physico-
chemical parameters, carried out based on Boyd
(1995) and Chapman (1996). Colour, particle size
analysis, textural composition was done according to
procedure of Bouyoucos (1962) and Shields et al.
(1966). pH, organic matter, nitrate, magnesium,
sodium, potassium, aluminium ion acidity, hydrogen
ion acidity, pH, sulphate and phosphate levels in the
sediment were determined according to Boyd (1995)
and Ademoroti (1996). While some selected heavy
metals (nickel, manganese, lead, copper, arsenic,
iron, cobalt and chromium) were assessed by
digesting 5 g of the sediment sample with dilute
double acid solution (0.05 N HCI + 0.025 N H2SO,)
(Boyd 1995). The resultant solution from the digest
was analyzed for heavy metals using atomic
absorption spectrophotometer (AAS PG-990 model)
at appropriate wavelengths (Boyd 1995). The metals
analyzed were nickel (232.0 nm), manganese (279.5
nm), lead (283.3 nm), copper (324.7 nm), arsenic
(193.7 nm), iron (248.3 nm), cobalt (240.7 nm), and
chromium (357.9 nm). Data obtained subjected to
two-way analysis of variance (ANOVA) using SPSS
software (Version 21; SPSS Inc. 2012) with
fertilization and water flowage as the main factors
and season (Dry and Rainy Season) as sub-factor.
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Table 1. Description of fish ponds in NIFAGOL Farm
Variable Unit 1 2 3 4 5 6
Year of 1984 1984 1984 1984 1984 1984
impoundment
Outline shape - Rectangular Rectangular Rectangular Rectangular Rectangle Rectangle
Dam size - Small Small Small Small Small Small
Apporx. Surface m? 5550 3445 1325 4875 2275 1135.5
Area
Apporx. Volume m? 13875 8612.5 1987.5 12187.5 3412.5 1703.25
Stock density At 3 16650 10335 3975 14625 6825 3305
fish/m?
Water Retention Month(s) 6 (Non flow-through) 6(Non flow-through) Flow through Flow through Flow through  Flow through
Cropping [ year Twice Twice Not fixed (As required) Not fixed Not fixed Not fixed
frequency
Fertilization NPK or Organic fertilizer NPK or Organic fertilizer NPK or Organic fertilizer ~ Not fertilized Not fertilized NPK or  Organic
Before stocking fertilizer
Feeding frequency [/ day Twice Twice NA NA NA NA
Modifications done Refilling of caves and Refilling of caves and NA NA NA NA
after impoundment Excavating using Excavating using
bulldozer bulldozer
Duration of culture ~ Month(s) 6 6 Thru’ out the year Thru’ out the Thru> out the Thru’ out the year
year year
Type of feed used Pellets Pellets Pellets Pellets & Pellets Pellets
Brewer’s waste
Type of fish being Clarias sp Clarias sp Clarias/(Brooders) Tilapia & Channa & Channa & Clarias
reared in the pond Clarias Clarias
Al (mT) 254/255 256/255 250/251/254 256/257/259 258/258 254/256
Latitude (°N) 07°32.379’ 07°32.413' 07°32.462' 07932449’ 07°32.412' 07932423’
07°32°402' 07°32.432' 07°32.468’ 07932434’ 07°32.425' 07°32395’
07°32.433' 07°32471"
Longitude(°E) 004%26.786’ 004°26.770 004°26.770 004°26.842’ 004°26.826 004%26.793'
004°26.769" 004%26.742' 004°26.781" 004926.812’ 004°26.856' 004°26.800
004°26.801’ 004°26.790’
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The means were separated using Tukey post-hoc test
and differences were consider significant at
significance level of 0.05. Inter-relationship
among/between the three sets of ponds studied was
determined using PAST (Paleontological Statistics)
Statistical software version 2.12 (Hammer et al.
2001).

Results

The sediments of the investigated ponds showed
various colors (Table 2) ranging from reddish brown,
grayish brown, yellowish brown, dark brown to olive
yellow. The sediments of the fertilized ponds ranged
from greyish brown to very dark brown whereas the
non-fertilized ponds ranged from yellow to red with
very weak red and olive yellow coloration in April
and June 2007 respectively (Table 2). As a result, the
non-fertilized ponds' sediment had the lowest hue of
2.5 YR, whereas the fertilized ponds' sediment hues
were typically 10 YR with a low of 5 YR. However,
at the end of the fish culture period, the non-fertilized
pond (precisely pond 6) had darker sediment.

Each of the investigated factors (fertilization and
flowage) had effect on 12 out of 24 parameters
considered (Table 3). The 12 parameters with higher
mean in the fertilized ponds (FNF and FF) were on
the average 1.16 times (16 percent) (1.01-1.47)
higher than the unfertilized pond. Among these were
the nutrient parameters (Nitrate, phosphate and
organic matter/carbon) (1.05 times) and associated
percentage silt and clay as well as few heavy metals
(Ni, As, Cr) (1.13 times) and cations (Na*, Mg H*)
(1.31times) (Table 3). Flowage, on the other hand,
had effect on both cations and anions (K*, Ca?*, Al**,
SOs*) (1.32 times), Heavy metals/Micronutrients
(Fe, Mn, Cu, Co, Pb) (2.34 times) and percentage
sand. These parameters were on the average 1.67
(67%) (1.01 — 7.00 times) higher in the flow-through
ponds (FF and NFF) than non-flow-through ponds
(FNF) with lead (7.00 times) having the greatest
contribution to flowage effect (Table 3). Aluminum
ion, potassium, lead and iron were discovered to have
higher mean of approximately 17 percent (1.01-1.56
times) in non-fertilized flow-through ponds than
fertilized flow-through (Table 3).

With the exception of copper and manganese, the
heavy metals were mostly less than 1 mg/100 g and
their order of dominance was Mn > Cu > Fe > As>
Ni > Pb > Co > Cr. While the cationic order of
dominance was in two patterns with either calcium or
hydrogen ion dominating in each case. The order was
Ca* > H* > Mg?* > AI** > Na™> K* (ponds 2, 3, 4, 5
and 6) and H*> Ca?" > Mg?* > AI** > Na*> K* (pond
1). The anionic order of dominance was also in two

slightly different pattern due to sulphate or phosphate
ion dominance, resulting in SO >POs*> > NOs*
(ponds 2, 3, 5 and 6) or POs* >S04* > NOs> (ponds
1 and 4).

For 13 of the investigated parameters, the pattern

of seasonal variations in the three sets of ponds
seemed to be similar. Phosphate, sulphate,
chromium, pH (water/CaCly) and
aluminum/hydrogen ion showed higher mean values
in the rainy season for all ponds.
Whereas potassium, nitrate, organic matter/carbon,
nickel, manganese and lead had higher mean values
in the dry season (Table 4). The percentage sand and
clay content of the sediment, as well as the sodium
level, showed significant seasonal variation, with the
highest mean for these parameters recorded in
fertilized non-flow-through ponds (FNF) (Table 4).
The effect of pond fertilization was further observed
in the mean values of percent silt, percent clay,
sodium, magnesium, nitrate, organic matter/carbon,
nickel, copper and iron which were higher in the
fertilized non-flow-through ponds during the dry
season. Similarly, during the rainy season, the
percentage sand, pH (water), and phosphate had the
highest mean in FNF. Seasonal variation due to
flowage was observed for calcium, manganese, and
cobalt levels in sediment, which were highest in
fertilized flow-through ponds (FF) during the dry
season and sulphate during the rainy season.
Furthermore, during the dry season, the highest
detectable level of lead (0.24 mg/100g) was found in
the non-fertilized flow-through pond. The overall t-
test of the seasonal variation patterns of the
investigated parameters confirmed significant
variation for phosphate, nickel and manganese
concentrations in the ponds’ sediment, with
phosphate concentration depicting highly significant
differences (Table 5). Moreover, the concentration of
phosphate, sulphate, nickel, manganese, lead and
copper in the sediment were higher than the levels
measured in reservoir inlet water (Table 6). Whereas
water soluble and essential nutrients like sodium,
potassium, calcium, nitrate and arsenic were not as
concentrated in the sediment.

Based on the mean values of the studied
variables, the Euclidean distance (similarity index)
was used to test for correlation between the sets of
ponds. The index revealed that the flow-through
ponds (FF and NFF) were more similar than the
fertilized ponds (FF and FNF). Furthermore, cluster
analysis of the pond sets based on the mean values of
the investigated parameters produced two clusters,
with flow-through ponds (FF and NFF) separated
from non-flow-through ponds (FNF) (Figure 1).
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Table 2. Monthly variation in colour and textural composition of the investigated NIFAGOL fish pond sediments over the period of study

Cultural Practice  Parameters FNF NFF
Sampling 1 2 3 4 5 6
Station
Month
November 2006 Value / Chroma 3/2 NOT In Use 474 3/2 25/2 NOT In Use
Hue (YR) 5 5 5 5
Color Dark Reddish Brown Reddish Brown Dark Reddish Brown Dark Reddish Brown
Sediment Type Clayey Sand Silty Sand Silty Sand Silty Sand
February 2007 Value / Chroma 3/3 5/3 4/2 2/2 5/8 3/6
Hue (YR) 10 10 10 10 10 10
Color Dark Brown Brown Greyish Brown Dark Brown Yellowish Brown Yellowish Brown
Sediment Type Silty Mud Silty Mud Silty Sand Silty Sand Sandy Mud Silty Sand
April 2007 Value / Chroma NOT In Use NOT In Use 2/2 3/3 3/3 6/ 8
Hue (YR) 10 10 10 2.5
Color Very Dark Brown Dark Brown Dark Brown Olive Yellow
Sediment Type Sandy Mud Sand Silty Sand Silty Mud
June 2007 Value / Chroma 3/3 NOT In Use 5/2 3/6 5/2 716
Hue (YR) 10 75 10 2.5 10
Color Dark Brown Brown Dark Yellowish Brown Weak Red Yellow
Sediment Type Silty Sand Silty Sand Silty Sand Clayey Sand Silty Mud
August 2007 Value / Chroma NOT In Use 3/4 NOT In Use NOT In Use 6/8 212
Hue (YR) 10 10 10
Color Dark Yellowish Brown Brownish Yellow Very Dark Brown
Sediment Type Sand Silty Mud Silty Sand
October 2007 Value / Chroma NOT In Use 3/6 3/6 3/6 3/6 212
Hue (YR) 10 10 10 10 10
Color Dark Yellowish Brown  Dark Yellowish Brown Dark Yellowish Brown Dark Yellowish Brown Very Dark Brown
Sediment Type Sand Sand Sand Silty Sand Sand
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Table 3. Mean values of the pond sediment physico-chemical parameters based on cultural practice of investigated fish ponds in NIFAGOL Farm, Osun State, Nigeria,

2006-2007
Parameter Pond ANOVA
FNF FF NFF F value P
Range Mean + S.D. Range Mean + S.D. Range Mean + S.D.

Sand % 39.00-89.00  68.17 +20.77 63.00 - 92.00 76.80+9.27 39.00 - 92.00 70.69 + 14.83 1.175 0.329
Silt % 3.00 —31.00 1450 +10.91 2.00 -19.00 11.90 +£5.86 2.00-31.00 13.58 + 7.64 0.251 0.780
Clay % 8.00 — 36.00 17.33+10.71 6.00 — 21.00 11.30 £4.55 6.00 — 36.00 15.73 £ 8.60 2.057 0.154
pH (Water) 6.20 - 7.40 6.88 £0.54 6.20 — 7.80 7.10+0.53 6.20 — 7.80 6.96 +0.44 0.518 0.604
pH (CaCly) 5.90-7.10 6.53 £0.48 6.00 — 7.50 6.87 £0.53 5.90-7.50 6.67+0.44 1.423 0.264
Hydrogen ion (meg/100g) 0.20-0.45 0.33+0.10 0.10-0.75 0.32+£0.21 0.05-0.75 0.33+£0.19 0.036 0.964
Aluminium (meqg/100g) 0.10-0.25 0.18+£0.05 0.10-0.30 0.20+0.08 0.10-0.40 0.20+0.08 0.651 0.532
Sodium (meq/100g) 0.14 - 0.67 0.30+0.20 0.19-0.32 0.25+0.05 0.14 - 0.67 0.26+0.10 1.007 0.383
Potassium(meq/100g) 0.13-0.46 0.23+0.13 0.12-0.49 0.23+0.12 0.08-0.49 0.25+0.11 0.671 0.523
Magnesium (meqg/100g) 0.08 — 7.00 1.80 +£2.60 0.03-2.56 0.85+1.09 0.03-7.00 1.30+1.81 0.686 0.515
Calcium (meq/1009) 4.00 -7.20 5.30+1.09a 5.20 - 10.00 7.17 £1.35b 4.00 - 10.00 5.30 £ 1.09ab 4.830* 0.019
Nitrate (%0) 0.01-0.13 0.06 = 0.05 0.01-0.11 0.06 +0.03 0.01-0.23 0.06 = 0.05 0.004 0.996
Phosphate (ppm) 21.96-50.90 34.06+10.74a  19.32-30.06 26.55+ 3.45b 19.32 -55.40 30.67+9.05ab  2.804 0.084
Sulphate (ppm) 21.96 -78.93  43.26 +20.68 22.63-140.32 65.02+37.73 21.96 -149.72  61.25+33.81 0.865 0.436
Organic Matter (%) 0.17-2.70 1.18 +£1.02 0.17-2.10 1.11£0.62 0.17 - 4.60 1.13+£0.98 0.003 0.997
Organic Carbon (%) 0.10-1.57 0.69 +0.59 0.10-1.22 0.64 +0.36 0.10 — 2.67 0.66 +0.57 0.002 0.998
Nickel (mg/100g) 0.09-0.59 0.31+0.17 0.02-0.53 0.17+0.17 0.02-0.59 0.21 £0.15 1.582 0.230
Manganese (mg/100g) 248 -11.45 6.97 £3.23 4.38-17.28 8.74 £4.01 248 -17.28 8.11+3.20 0.842 0.446
Lead (mg/100g) ND —0.02 0.02 +£0.00 ND —0.09 0.09 +0.00 ND - 0.24 0.14+0.15 - -

Copper (mg100g) 0.24-1.72 0.89+0.56 0.02-1.92 1.03+£0.48 0.20-2.09 0.99 +0.47 0.138 0.872
Arsenic (mg/100g) 0.23-0.99 0.72+0.28 0.19-0.83 0.47+0.21 0.19-0.99 0.59+0.24 1.811 0.189
Iron (mg/100g) 0.44 -1.33 0.91+0.43 0.46-1.40 0.91 £0.31 044 -1.73 0.92 +£0.33 0.048 0.953
Cobalt (mg/100g) 0.01-0.20 0.11+0.07 0.07-0.22 0.14+0.06 0.01-0.32 0.11£0.08 0.665 0.525
Chromium (mg/100g) 0.02-0.14 0.07 £ 0.04 0.02-0.11 0.05+0.03 0.01-0.14 0.06 +0.03 1.148 0.337

NB: Values in a row followed by different letters are significantly different (P < 0.05)

* = Significant

FNF — Fertilized Non flow-through pond

FF — Fertilized flow-through pond

NFF — Not fertilized flow-through pond
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Table 4. Seasonal mean values of the sediment physico-chemical parameters based on aquacultural practice of the investigated fish ponds in NIFAGOL Farm, Osun
State, Nigeria, 2006-2007

Parameter Pond ANOVA
FNF FF NFF
DS RS DS/ DS RS DS/RS DS RS DS/ Fvalue P
RS RS
Sand % 5433 +21.57 82.00+6.24 0.66 75.00+2.31 78.00+12.13 0.96 7233+757 63.43+16.67 114 3.348* 0.056
Silt % 21.67+11.37 7.33+£3.79 295 14.25+3.40 10.33 +6.89 1.38 13.67+5.03 15.14+8.71 0.90 2.073 0.152
Clay % 24.00£12.00 10.67 £3.06 2.25 10.75+1.50 11.67 +£5.96 0.92 14.00 £ 5.29 21.43 £9.86 0.65 3.395* 0.054
pH (Water) 6.57+£0.55 7.20£0.35 091 7.00+0.58 7.17+£0.53 0.98 6.87 £0.38 6.89 £0.28 1.00 0.762 0.480
pH (CaCl.) 6.27 +£0.47 6.80 +0.36 0.92 6.8 £0.62 6.92 +0.52 0.98 6.47+0.40 6.61 £0.25 0.98 0.443 0.648

Hydrogen ion (meg/100g) 0.30+0.10 0.37+£0.10 0.82 0.28+0.21 0.35+£0.23 0.79 0.18£0.08 0.40+0.23 0.46 0.541 0.590
Aluminium (meg/100g) 0.17 £0.06 0.20 £ 0.05 0.83 0.20+0.12 0.19 £0.05 1.04 0.28£0.10 0.19+0.09 146  2.377 0.119

Sodium (meg/100g) 042+024  0.18+0.04 236 0.25+0.07 0.26 + 0.04 0.97 022+0.06  0.25+0.05 0.86 4.587* 0.023
Potassium(meq/100g) 0.30+0.17 0.16 £ 0.02 1.89 0.29+0.16 0.20+0.08 1.46 0.34+0.01 0.26+0.12 1.31 0.104 0.902
Magnesium (meq/100g) 2.74+£3.73 0.85+£0.54 3.24  0.09+0.06 1.35+£1.18 0.07 1.02+1.17 1.60+2.18 0.64 1450 0.258
Calcium (meq/100g) 5.60+1.40 5.00+0.87 112 7.40+2.00 7.02+£0.90 1.05 527+0.21 6.45+1.56 0.82 0.761 0.480
Nitrate (%0) 0.09 £ 0.06 0.03£0.03 2.65 0.09+0.02 0.04 £ 0.02 2.41 0.06 + 0.04 0.06 £ 0.07 1.09 0.797 0.464
Phosphate (ppm) 27.29+4.78  40.84+11.31 0.67 23.94+397 2830+ 1.68 0.85 2493+297 3544+1140 0.70 0.937 0.408
Sulphate (ppm) 28.06 £ 5.80 58.47+18.50 0.48 5426 £57.43 72.20+20.70 0.75 65.39+73.03 6848+14.87 095 0.274 0.763
Organic Matter (%) 1.70£1.25 0.66 +0.47 259 1.70+0.34 0.71 £0.40 2.39 1.23+£0.76 1.08 £1.47 1.14  0.645 0.535
Organic Carbon (%) 0.99+£0.73 0.38 £0.27 257 0.99+0.20 0.41+£0.24 2.39 0.72 £0.44 0.63 £0.85 1.14 0.634 0.541
Nickel (mg/100g) 0.38 £0.21 0.24+0.13 155 0.30+0.21 0.08 £0.07 3.80 0.21 £0.04 0.19+£0.12 1.10 1.093 0.355
Manganese (mg/100g) 9.26+2.43 4.68+2.10 198 10.26 +6.32 7.73 £1.40 1.33 9.99+£2.75 7.46£1.99 1.34 0.223 0.802
Lead (mg/1009) 0.22£0.00 0.09 +0.00 0.24+0.00 0.03 £0.00 8.00

Copper (mg/100g) 1.29 £ 0.49 0.49 +0.24 2.65  0.94+0.80 1.09 +0.12 0.86 0.77£0.52 1.11+0.42 0.70  2.975 0.074
Arsenic (mg/100g) 0.72+0.14 0.72+0.43 0.99 0.54+0.26 0.43+0.18 1.27 0.62 +£0.25 0.62 +0.22 1.00 0.123 0.885
Iron (mg/100g) 1.12+£0.37 0.70 + 0.44 1.59 1.11 £ 0.44 0.78 +0.10 1.42 0.89+0.13 0.94 + 0.37 0.95 0.866 0.436
Cobalt (mg/100g) 0.12+£0.04  0.09+0.10 1.33  0.16£0.07 0.12 +0.05 1.33 0.09 £0.07 0.10+0.11 0.88 0.396 0.678
Chromium (mg/100g) 0.07 £0.03 0.07 £0.06 0.95 0.03+0.02 0.06 £0.03 0.49 0.04 £0.02 0.06 £ 0.04 0.63 0.360 0.702

* = Significant

FNF — Fertilized Non flow-through pond
FF — Fertilized flow-through pond

NFF — Not fertilized flow-through pond
DS — Dry Season

RS — Rainy Season
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Table 5. Seasonal mean values of the sediment physico-chemical and heavy metal parameters of of the investigated fish
ponds in NIFAGOL Farm, Osun State, Nigeria

Parameters Dry Season Rainy Season t-test for Equality of
Means
(Mean =+ SD) (Mean + SD) t Sig.
(2-tailed)
Sand % 68.00 +14.43 72.38 £15.30 -0.725 0.476
Silt % 16.30+7.21 11.88 £7.62 1.469 0.155
Clay % 15.70 £ 8.59 15.75 £ 8.88 -0.014 0.989
pH (Water) 6.83 +0.50 7.08 +0.39 -1.209 0.238
pH (CacCl) 6.54 £0.52 6.79 £0.37 -1.219 0.234
Hydrogen ion (meq/100g) 0.26 £0.14 0.39+£0.20 -1.665 0.108
Aluminium (meg/100g) 0.22+0.10 0.18 £0.05 0.636 0.531
Sodium (meq/100g) 0.29+0.15 0.23 +£0.05 0.997 0.342
Potassium(meg/100g) 0.30+0.12 0.21 £0.09 1.995 0.057
Magnesium (meq/100g) 1.17 £2.18 1.46 £ 1.64 -0.289 0.775
Calcium (meqg/100g) 6.22 +1.68 6.27+1.33 -0.291 0.773
Nitrate (%0) 0.08 £0.04 0.05+0.05 1.847 0.077
Phosphate (ppm) 25.24 +£3.80 32.52+8.32 -3.244** 0.004
Sulphate (ppm) 49.74 +50.39 67.87+17.79 -1.110 0.292
Organic Matter (%) 1.56 £0.75 0.92 +£1.05 1.824 0.080
Organic Carbon (%0) 0.91+0.44 0.53+£0.61 1.825 0.080
Nickel (mg/100g) 0.30 £0.17 0.16 £0.12 2.384* 0.025
Manganese (mg/100g) 9.88 £4.06 6.90 £ 2.00 2.405* 0.024
Lead (mg/100g) 0.18 +0.08 0.03 + 0.00 1.630 0.245
Copper (mg/100g) 1.00+0.61 0.99 +0.39 0.023 0.982
Arsenic (mg/100g) 0.62 +£0.22 0.55+0.26 0.493 0.627
Iron (mg/100g) 1.05+0.33 0.82 +0.31 1.607 0.121
Cobalt (mg/100g) 0.13 +£0.06 0.11 +0.08 0.688 0.498
Chromium (mg/100g) 0.04 +0.03 0.07 £ 0.04 -1.423 0.167

*Significant (P <0.05)
**Highly significant (P <0.01)
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Table 6. Mean values of pond sediment characteristic of the investigated fish ponds in NIFAGOL Farm, Osun State,

Nigeria in comparison with the water supplying reservoir and desirable limits

Parameter Pond Desirable

FNF FF NFF Reservoir’s limits

water quality
Mean + S.D. Mean + S.D. Mean + S.D. Mean + S.D Persaud et al.,
(mg/L) 1993
(ppm)

Sand % 68.17 +£20.77 76.80 £9.27 70.69 +14.83 NA
Silt % 1450 +10.91 11.90 +5.86 13.58 + 7.64 NA
Clay % 17.33+10.71 11.30 +4.55 15.73 +8.60 NA
pH (Water) 6.88 £ 0.54 7.10+0.53 6.96 = 0.44 7.78 £0.42
pH (CaCly) 6.53 + 0.48 6.87 +0.53 6.67 + 0.44 NA
Hydrogen ion (meqg/100g) 0.33+£0.10 0.32+0.21 0.33+£0.19 NA
Aluminium (meg/100g) 0.18+0.05 0.20 +0.08 0.20 +0.08 NA
Sodium (meq/100g) 0.30+£0.20 0.25+0.05 0.26 +0.10 113+1.8
Potassium(meg/100g) 0.23+0.13 0.23+0.12 0.25+0.11 10.2+£2.04
Magnesium (meq/100g) 1.80 +2.60 0.85+1.09 1.30+1.81 1.62+£0.80
Calcium (meqg/100g) 5.30+1.09 7.17+1.35 5.30 +1.09 169+4.4
Nitrate (%0) 0.06 £0.05 0.06 +0.03 0.06 +0.05 0.84 +0.10
Phosphate (ppm) 34.06 £10.74 26.55 + 3.45 30.67 £9.05 1.18+£0.29 600 - 2000
Sulphate (ppm) 43.26+20.68  65.02+37.73 61.25 + 33.81 15.20 £4.03
Organic Matter (%) 1.18 +1.02 1.11+0.62 1.13+0.98 5.20+1.75
Organic Carbon (%0) 0.69 +0.59 0.64 +0.36 0.66 +0.57 3.03 +£1.02 1-10
Nickel (mg/100g) 0.31+0.17 0.17 +0.17 0.21+0.15 0.0+0.0 1675
Manganese (mg/100g) 6.97 +3.23 8.74 +4.01 8.11+3.20 0.038 £0.033 460 — 1100
Lead (mg/100g) 0.02 + 0.00 0.09 + 0.00 0.14+0.15 0.007 £0.019 31- 250
Copper (mg/100g) 0.89 £ 0.56 1.03+0.48 0.99 +0.47 0.005 +0.006 16 - 110
Arsenic (mg/100g) 0.72+0.28 0.47 +0.21 0.59+0.24 8.29 +3.52 6-33
Iron (mg/100g) 0.91+0.43 091 +0.31 0.92+0.33 NA 2-4
Cobalt (mg/100g) 0.11 +0.07 0.14 +0.06 0.11+0.08 NA 50
Chromium (mg/100g) 0.07 +0.04 0.05 +0.03 0.06 +0.03 NA 26110

FNF — Fertilized non flow-through pond

FF — Fertilized flow-through pond

NFF — Not fertilized flow-through pond

NA — Not Assessed

Discussion

Fish ponds are completely man-made
environments, with constant additions of fertilizer
and feed to increase the culture's productivity and
profitability. The impact of management and feeding
could cause major issues in fishponds because the
majority of food that is not consumed by fish is
available for the growth of algae and bacteria. As
observed during the current study, a wide range of
environmental factors operating in the fish pond
system, such as liming, fertilization, feeding with
exogenous feeds, aquatic animal feces, dead animals,
and higher aquatic vegetation, had a significant
impact on sediment characteristics.

These organic waste components darkened the
pond sediment hence the colors recorded were
generally dark indicating their reduced state (Boyd
1995). The olive yellow coloration in pond 6 could
be attributed to low of aquacultural activities
observed during the study period, and even the fact
that it is flow-through, so a small amount of organic
waste sinks to its bed. And since the water is not
turbid, the light coloration could also be attributed to
sediment transport caused by flow and exposure to
direct sunlight. (Berkowitz et al. 2018). According to
Aldorfer (1974), the color of sediments, could also be
an indicator of the drainage pattern, so the observed
sediment coloration of red, yellow and brown color
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implies good drainage. While the grayish coloration
observed in pond 3 in February indicated poor
drainage, this was due to the pond being left almost
stagnant for a long duration to fallow.

The average percentage clay was 20% which is
an optimal state for bottom sediment in properly built
ponds to minimize the risk of excessive seepage
(Boyd 1995). The variation in textural composition
observed during the study period, on the other hand,
could be due to pond erosion and sedimentation.
Sandy nature recorded, mostly during rainy months,
in the ponds could be attributed to their susceptibility
to erosion which could have prevented sedimentation
of fine particles (silt and clay) and organic waste sink.

Conversely, highest percentage sand was also
observed in the flow-through ponds as compared to
the non-flow-through ponds. The highest percentage

of silt recorded in the non-flow-through ponds further
proved the tendency of organic waste to sink faster
when the waterbody is stagnant. The accumulation of
clay, silt and nutrients in the fertilized pond sediment
has been linked to intensive management which may
result in in pond depth and space reduction (Rahman
et al. 2004). Despite this, only a minimal
accumulation of silt and other nutrients was recorded
in the fertilized flow-through ponds. Therefore, in
order to minimize eutrophication during fish culture,
fertilized flow-through production method would be
most suitable. This was also confirmed by detection
of lowest mean concentration of total phosphate in
these set of ponds. Hartono et al. (2019) observed that
continuous flow of water over fishpond sediment
reduces phosphorus bonding energies, minimizing
the rate of phosphorus adsorption by the sediment.

FNF
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21
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24
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Figure 1. Cluster analysis showing the relationship between fishponds based on the sediment quality parameters studied

The pH of commercial fish farm sediment was on
the average below 7.5 which could be attributed to
the clayey nature of the sediment (Wurt and Masser
2004). However, the pH range was 6.5 to 7.2,
suggesting that the sediments were medium acidic,
slightly acidic, or neutral. This acidic condition is a
common problem in pond aquaculture and liming of
ponds has been the solution (Boyd and Tucker 1998).
Acidity and pH of sediment are known to be caused
by the exchangeable aluminium and hydrogen ions in

the sediment. Therefore, based on the values of
exchangeable aluminium ion recorded which ranged
from 0.10 meg/g to 0.40 meqg/g, the ponds had very
low exchangeable acidity. The concentration of
exchangeable aluminium ion was high, especially in
the flow-through ponds, indicating a higher
proportion of basic cations (calcium, magnesium,
sodium and potassium). Whereas, the observed
increase in hydrogen ion concentrations in the
sediment during the rainy season has been attributed



148

Adedeji 2021 - LimnoFish 7(2): 138-149

to rising in-flow of floodwaters, as well as the
subsequent re-cycling and settling of benthos
materials (Boyd et al. 2002).

On the average, the pond sediment organic
carbon recorded in this study fell within the usual
range of 0.5% to 5% organic carbon (Boyd et al.
2002). Occasionally during the study period, the
organic carbon in the sediment was less than 0.5
percent, which is very low and will not support good
benthos growth. However, the lowest percentage of
organic carbon and matter recorded in fertilized flow-
through pond may be due to its existing flow and
management process. In general, the sediments with
mineral soil of low organic matter content are
excellent condition for ponds with exogenous
feeding.

The calculated carbon: nitrogen ratio ranged from
8.5: 1 to 16.0: 1, implying that these waterbodies
might not be susceptible to anaerobic condition at the
sediment-water interface (Boyd et al. 2002). Based
on the Healey and Hendzel’s nitrogen deficiency
criterion, (C: N ratio < 9- No deficiency; 9-15 —
moderate and >15 — severe) (Gautam and Bhattarai
2008), all the investigated waterbodies were not
nitrogen deficient during the study period. However,
pond 6 (Non-fertilized flow-through) undergone
considerable nitrogen deficiency in April and
October 2007, possibly due to the accumulation of
stable organic matter that decomposes slowly. The
source of these organic matter may be linked to the
erosion influx that occurs at these times of year.

The phosphorus concentrations measured in this
analysis were within the optimum range of 30-60
ppm (Munsiri et al. 1995). The low sediment
phosphorus concentration observed during the rainy
season may be attributed to seasonal mixing at the
water-sediment interface, which results in the release
of sediment phosphorus into the water (Gerhardt et
al. 2010). The higher sulphate concentrations
observed in flow-through ponds may be linked to
erosion, which is the primary source of sulphur in
non-acidic sulfate soils (Munsiri et al. 1995).
Cation’s concentrations of sediments in the present
study were far below average range obtained from
358 freshwater fish ponds by Munsiri et al. (1995).
Since acidic sediment usually contains little to no
calcium carbonate, as seen in ponds located on
calcareous soils, the low calcium level in the ponds
confirmed the acidity of the sediments (Munsiri et al.
1995). Furthermore, the cationic hierarchy was such
that calcium concentration was greater than sodium
concentration in all ponds, which was responsible for
the lower pH observed. As sodium is a known basic
cation whose presence in high concentrations leads to
high pH (Munsiri et al. 1995). The sodium adsorption
ratios (SAR) as calculated were also quite low and

generally below 0.50 which further confirmed the
acidity of the sediment (Boyd et al. 2002).

The highest concentration of calcium in the
fertilized flow-through ponds is also an advantage
this method of production had over others as it
connotes availability of notable level of calcium in
the ponds. According to the literature, calcium plays
an important role in reducing sodium and potassium
ion loss from fish body fluid (Wurts and Durborow
1992). It also improves phosphorous availability for
primary productivity (Wurts and Masser 2004),
allows for the blocking of copper and zinc effects at
the site of their toxic activity (Wurts and Perschacher
1994), and sedimentation of muddy water (Wurts
2002). Conversely, the high sodium levels observed
in fertilized non-flow-through ponds are most likely
due to significant loss of sodium and magnesium salt
from the fishes’ body fluid into the water (Wurts and
Durborow 1992), which then settles into the bottom
sediment.

The presence of the micronutrients such as iron,
manganese, cobalt, copper and other heavy
metals in the sediments have been connected to high
pH and alkalinity which favors micro - nutrient
precipitation. (Boyd 1995). Flowage, on the other
hand, promoted the presence of 5 of the 8
investigated heavy metals, with high concentrations
of these metals (Fe, Mn, Cu, Co, and Pb) in the flow-
through ponds. The high Pb and Fe concentrations
may be attributed to the material of pipe network used
to supply water to the ponds. Nonetheless, their
concentrations in these sediments, which were very
low to low (based on the range developed by
Munsiriet al. 1995), may be classified as non-toxic
(MacDonald et al. 2000). Furthermore, with the
exception of iron in all of the ponds, the majority of
the heavy metals were within the suitable range for
sediment. (Table 6).

The significant variations in clay, silt and nutrient
parameters accumulation (phosphate, organic matter
and carbon) based on flowage, as well as the
significant availability of calcium ion in the fertilized
flow-through ponds, revealed that revealed that this
mode of fish culture is probably the most suitable one
in the study area. As a result, more research should
be done to determine the best water flow rate for the
fertilized flow-through ponds.
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for effective disease control and prevent economic loss in aquaculture facilities.
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and chromID® S. aureus Elite were detected not effective for incubation of
bacterial fish pathogens.

DOI:10.17216/LimnoFish.810225

ezgi.dincturk@ikc.edu.tr
Phone : +90 232 329 35 35
Fax: +90 232 386 08 88

Keywords: Chromogenic media, fish diseases, fish pathogens, isolation

Bakteriyel Balik Patojenleri icin Kromojenik Besiyerlerinin Degerlendirilmesi

Oz: Akuakiiltiir isletmelerinde etkin hastalik kontrolii ve ekonomik kayiplarin 6nlenmesi icin bakteriyel balik hastaliklarinin dogru
ve hizli tanimlanmasi biiyiik 6nem tasimaktadir. Genel olarak kullanilan agar besiyerlerinde ¢ok ¢esitli bakteri tiiriiniin iiremesi
gozlenirken, yeni kromojenik besiyerleri, biyokimyasal ve serolojik test gerektirmeden renkli koloni goriiniimiiyle tahmini 6n
tanimlama imkan1 sunmaktadir. Bu ¢alismada yakin zamanda ticarilesen kromojenik besiyerlerinde (chromID® CPS® Elite,
chromID® CPS® Elite / Columbia CNA +5% sheep blood agar, chromID® Vibrio, chromIiD® MRSA Smart ve
chromID® Staphylococcus aureus Elite (BioMérieux, France)) bakteriyel balik patojenlerinin iiremesi ve koloni renklenmeleri tespit
edilmistir. ChromID® CPS® Elite ve chromID® CPS® Elite / Columbia CNA +5% sheep blood agarin test edilen 5 farkli bakteriyel
balik patojeni (Aeromonas hydrophila, Lactococcus garvieae, Pseudomonas fluorescens, Yersinia ruckeri ve Vibrio anguillarum)
icin en uygun besiyeri oldugu, ancak sadece L. garvieae’nin yesil koloni goériiniimii ile tredigi belirlenmistir. Vibrio
parahaemolyticus ve Vibrio cholerae nin hizli teshisi i¢in gelistirilen chromID® Vibrio besiyerinde V. anguillarum kolonileri koyu
pembe/mor renkli olarak gdzlenmis, chromID® MRSA Smart ve chromID® S. aureus Elite besiyerlerinin bakteriyel balik
patojenlerinin tiremesi i¢in uygun olmadigi belirlenmistir
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these chromogenic media depends on the
metabolism of pathogens or enzyme substrates
(Perry  2017). chromID® CPS® Elite and
chromID® CPS® Elite / Columbia CNA +5% sheep
blood are designed for isolation of urine
specimens, Escherichia coli, Proteeae and
Enterococcus; chromID® Vibrio is for presumptive
identification of Vibrio parahaemolyticus and
Vibrio cholerae; chromID® MRSA Smart and
chromID® Staphylococcus aureus Elite for the direct
screening of methicillin-resistant S. aureus (MRSA)
and S. aureus in clinical microbiology. It is important
to utilize these media for quick presumptive
identification of the bacterial fish disease by easier
prediagnosis in order to prevent economic loss in
aquaculture facilities.

There is no single media for isolation of bacterial
fish pathogens. Besides the generally used culture
media, some selective media are used for eliminating
the growth of a wide range of bacteria. Thiosulfate
Citrate Bile Sucrose (TCBS) Agar was originally
designed for the isolation of V. parahaemolyticus and
V. cholerae but it is also used for the isolation of
some Vibrio species that are infectious for fish such
as V. alginolyticus, V. anguillarum, V. fischeri,
V. harveyi, V. ordalii, V. splendidus and V. pelagus.
Waltman-Shotts medium has been devised in order to
isolate another fish pathogen, Yersinia ruckeri with
precipitation of insoluble calcium salts around the
colonies depending on the Tween 80 hydrolysis
(Austin and Austin 2007). Similarly, Yersinia CIN
agar supplies selective cultivation of Yersinia
species, commonly for Y. pseudotuberculosis and
Y. enterocolitica, but also for isolation of infectious
fish pathogen, Y. ruckeri. GSP agar is a selective agar
base for detection of Pseudomonas and Aeromonas
and has been using for isolation of infectious
Aeromonas and Pseudomonas species in fish. The
Pseudomonas selective agar base, Cetrimide agar has
been especially used for the isolation of
Pseudomonas aeruginosa by yellow/green colonial
growth. Likewise, Eosin Methylene-Blue (EMB)
agar is selective for Enterobacteriaceae family,
coliform bacteria and especially for E. coli by
greenish metallic sheen colored colonies caused by
the lactose fermentation.

The aim of this study was to test the growth and
the selectivity of five commercially available
chromogenic  media  (chromID® CPS® Elite  /
Columbia CNA +5% sheep blood,
chromID® CPS® Elite, chromID®S. aureus Elite,
chromID® Vibrio, and chromID® MRSA Smart) for
the isolation and presumptive identification of
A. hydrophila, L. garvieae, P. fluorescens,
V. anguillarum and Y. ruckeri while comparing its

specificity and sensitivity with generally used
selective media.

Materials and Methods

Medium

The recently commercialized
chromID® CPS® Elite / Columbia CNA +5% sheep
blood (product no. 418229), chromID® CPS®
Elite (product no. 418284), chromID®S. aureus
Elite (product no. 419042), chromID® Vibrio
(product no. 43761) and chromID® MRSA Smart
(product no. 413050) were purchased from
BioMe¢érieux (France) and compared with routinely
employed selective agar media (Thiosulfate Citrate
Bile Sucrose (TCBS-Merck, Germany) Agar,
Cetrimide Agar (Merck, Germany), Yersinia CIN
Agar (Merck, Germany), EMB Agar (Merck,
Germany), Glutamate Starch Phenol Red Agar -
Pseudomonas Aeromonas Selective Agar (GSP,
Merck, Germany) and Waltman-Shotts Medium for
the isolation of Y. ruckeri (WS)) for detection and
identification of infectious fish pathogens. In
addition, comparison of the growth performance and
advantages in isolation and identification were
performed between new chromID® media and former
media.

Microbial Strains

The bacterial fish pathogens previouslyisolated
and identified from rainbow trout farms were used for
all media. A. hydrophila, L. garvieae, P. fluorescens,
V. anguillarum and Y. ruckeri were obtained from
Izmir Katip Celebi University, Faculty of Fisheries
Fish Disease and Biotechnology Laboratory.

Inoculation of Isolates onto Culture Media

Each isolate was suspended in 1 ml of saline
(0.85 %) until the turbidity reached at 0.5 McFarland
standard (approximately 1.5 x 108 cfu/ml) then they
were inoculated onto each medium type by using a
loop. The petri dishes were incubated at 21°C. The
growth was observed every 12, 24 and 48 hours of
incubation. All strains were inoculated in duplicate
on separate occasions.

Results

The growth of A.  hydrophila on
chromID® CPS® Elite was observed as pale brown
colonies but no colonies grew on Columbia
CNA +5% sheep blood agar, chromID®
MRSA  Smart, chromID®S. aureus Elite
and chromID® Vibrio (Figure 1, Table 1).
Yellowish/green colonies were observed on
GSP agar which is selective for
Pseudomonas/Aeromonas species. L. garvieae grew
as green colonies on chromID® CPS® Elite /
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Columbia CNA  +5% sheep blood and
chromID® CPS® Elite but was not recovered from

chromID® MRSA Smart, chromID® S. aureus Elite
and chromID® Vibrio (Figure 1, Table 1).

Table 1. Growth of different infectious fish pathogens on various media after 48 h of incubation at 21 °C

Total Growth on Growth on
number chromID® CPS® Growth on Growth on Growth on chromID®
Species f Elite / Columbia ~ chromID® CPS®  chromID®  chromID® MRSA S, aureus
. CNA +5% sheep Elite Vibrio Smart -
isolates Elite
blood
A. hydrophila 2 2 2 0 0 0
L. garvieae 21 21 21 0 0 0
P. fluorescens 2 2 2 0 0
V. anguillarum 6 6 6 6 0 0
Y. ruckeri 14 14 14 3 2 3

4
mnzgm'g i T

Figure 1. A: A. hydrophila on chromID® CPS® Elite; B: L. garvieae on chromID® CPS® Elite; C: A. hydrophila on
chromID® CPS® Elite / Columbia CNA +5% sheep blood agar; D: L. garvieae on chromID® CPS® Elite / Columbia
CNA +5% sheep blood agar

The colonial growth of P. fluorescens appeared
on chromID® CPS® Elite / Columbia CNA +5%
sheep blood and chromID® CPS® Elite, moreover on
chromID® Vibrio as orange colonies (Figure 2, Table
1). No colonies were presented on chromID® MRSA
Smart and chromID® S. aureus Elite. In addition,
colonies were present on selective GSP and
Cetrimide agar.

Vibrio anguillarum colonies were observed on
chromID® CPS® Elite as pale brown colonies and on
chromID® Vibrio as dark pink/purple colonies but
there was no colonial growth on Columbia CNA +5%
sheep blood agar, chromID® MRSA Smart and
chromID® S. aureus Elite (Figure 2, Table 1). In

addition, yellow colored colonies appeared on TCBS

agar which is the selective agar for Vibrio species.
Pale brown colonies of Y. ruckeri were present

on chromID® CPS® Elite but there was only

weak growth on chromID® MRSA  Smart
and chromID®S. aureus Elite with pink
pigmentation and on chromID® Vibrio with

green pigmentation. There were no colonies
detected on Columbia CNA +5% sheep blood
agar (Figure 3, Table 1). The precipitation
of insoluble calcium salts around colonies
were observed on Waltman-Shotts Medium and
dark pink/red colonies were detected on Yersinia
CIN Agar.
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Figure 2. A: P. fluorescens on chromID® CPS® Elite; B: V. anguillarum on chromID® CPS® Elite; C: P. fluorescens on
chromID® CPS® Elite / Columbia CNA +5% sheep blood agar; D: V. anguillarum on chromID® CPS® Elite / Columbia
CNA +5% sheep blood agar; E: P. fluorescens on chromID® Vibrio; F: V. anguillarum on chromID® Vibrio

Figure 3. A: Y. ruckeri on chromID® CPS® Elite; B: Y. ruckeri on chromID® Vibrio; C: Y. ruckeri on
chromID® CPS® Elite / Columbia CNA +5% sheep blood agar; D: Y. ruckeri on chromID® S. aureus Elite
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Discussion

The bacterial fish pathogens were plated on 5
different commercialized media and compared to
selective media in order to detect colony
morphologies, growth performance and efficiency
for detecting and identifying infectious fish
pathogens.

Based on the colony
chromID® CPS® Elite agar has been recently
commercialized and wused for isolation and
identification of urinary tract infections, especially
E. coli in clinical microbiology. In addition, it is
possible to detect Enterococcus spp., some members
of Proteeae group and some members of
Enterobacteriaceae, culture them and amplify
antibiotic susceptibility tests. This media allows a
preliminary identification for various
microorganisms with genus or group level on the
strength of colony appearance and Gram stain. Also,
it is able to directly identify E. coli by the colony
appearance without any requirement of Gram stain or
biochemical testing (Yarbrough et al. 2016). The
bacterial load of fish is less then urinary samples, it
is likely that the selectivity of fish pathogens would
be higher. In this study, all 5 bacterial fish pathogen
grew on chromID® CPS® Elite, especially green
colony was observed with L. garvieae which is one
of Gram-positive bacteria but Y. ruckeri which
belongs to the family Enterobacteriaceae showed
no distinctive colony coloration. Moreover, we
have tested chromID® CPS® Elite / Columbia
CNA +5% sheep blood which contains two
different media on the same agar plate in
half. Columbia CNA +5% sheep blood agar
is specific for the isolation and differentiation
of Gram-positive microorganisms. Our results
clearly showed that the chromID® CPS® Elite /
Columbia CNA +5% sheep blood agar was highly
selective to L. garvieae. Also, observing growth on
both media on the same plate can lead to reliably
compare the colony morphologies and coloration
gasily.

The members of the genus Vibrio have great
importance because of the association with human
disease as V. cholerae (the etiological agent of
epidemic cholera) and V. parahaemolyticus (the
cause of gastroenteritis associated with the
consumption of seafood) (Farmer et al. 1985; Grimes
1991; Blanco-Abad et al. 2009; Eddabra et al. 2011).
chromID® Vibrio was developed for determining
V. cholerae and V. parahaemolyticus from other
Vibrio species by the blue/green colonies of
V. cholerae and pink colonies of V. parahaemolyticus
on the medium. The TCBS Vibrio selective media
was developed for isolation of pathogenic Vibrio

characteristics,

species but it has poor sensitivity in natural
specimens, labor-intensive and time-consuming. In
addition, TCBS may not differentiate V. cholerae
from V. alginolyticus or V. parahaemolyticus and
V. fluvialis from V. mimicus or V. vulnificus (Eddabra
et al. 2011). There is a slight selective advantage of
chromID® Vibrio because of the color colonies. It has
indicated that its sensitivity is equivalent to TCBS
medium and two times more specific as well as no
confirmation is needed (Eddabra et al. 2011). Vibrio
cholerae appears as blue-green colonies because of
beta galactosidase-produce and V. parahaemolyticus
grows pink colonies based on arabinose assimilation
on chromID® Vibrio media. Pinto et al. (2011)
reported that Vibrio CHROMagar plates (CAV, PBI
International, Milan, Italy) displayed higher
specificity and accuracy than TCBS agar for isolating
V. parahaemolyticus and V. fluvialis. Furthermore,
unlike TCBS medium, the CAV medium was more
efficient to isolate V. parahaemolyticus for DNA-
based typing analysis. The fish pathogen
V. anguillarum was tested on chromID® Vibrio
media for the first time in this study and observed
dark pink/purple colonies. The color characteristic of
V. anguillarum was not clear; therefore, further
studies are needed to certify the reason of dark
pink/purple coloration.

The direct screening of methicillin-resistant
S. aureus (MRSA) is practicable with using
chromID® MRSA Smart in clinical microbiology.
ChromID® S. aureus Elite is another media for the
direct identification of S. aureus by spontaneous
green coloration of glucosidase-producing colonies.
Staphylococcus genus has been implicated as
pathogen for fish and causing septicemia-like signs,
exophthalmia and lesions around fins (Shotts and
Teska 1989; Gil et al. 2000). Another important fish
pathogen L. garvieae affects mainly rainbow trout
farms that cause losses approximately 50% of the
total production (Ghittino and Prearo 1992; Alrabadi
2012; Tanrikul 2012; Balta and Dengiz Balta 2019).
Also, infected or carrier fish may spread the disease
to healthy rainbow trout and lead to serious economic
damage (Algoet et al. 2009). Several antibiotic
treatments were applying such as enrofloxacin,
florfenicol and oxytetracycline in order to control the
outbreaks in Turkey (Kayis et al. 2009; Ture and
Boran 2015). The antimicrobial resistant bacteria and
its potential transfer between animals and human are
the main concern and the antibiotic treatment may be
not efficient in fish farms (Cabello et al. 2013;
Muziasari et al. 2014; Ture and Boran 2015). In this
study, we aimed to use both media for isolation of
Staphylococcus while inhibiting the growth of L.
garvieae but none of the fish pathogens were able to
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grow on  chromID®* MRSA  Smart  and
chromID® S. aureus Elite. These results clearly
show that both of these media are not suitable for
isolation and identification of fish pathogens.

The use of chromogenic media brings some
advantages such as easy detection of target pathogens
and differentiation of mixed cultures. On the
contrary, these products are more expensive than
conventional media but the disadvantage may be
compensated by the reduction of complementary
reagents and different culture plates for suspected
pathogens (Perry and Freydiére 2007). Yarbrough et
al. (2016) reported that using chromID® agar
decrease the laboratory costs with reducing standard
media consumption such as inoculation on both
blood agar and MacConkey agar plates and
additional biochemical tests.

In conclusion, the bacterial fish pathogens grew
well in  chromID® CPS® Elite  agar  and
chromID® CPS® Elite / Columbia CNA +5% sheep
blood agar, V. anguillarum, P. fluorescens and
Y. ruckeri grew well in chromID® Vibrio but pigment
production was only observed for V. anguillarum.
ChromID® CPS® Elite agar, chromID® CPS® Elite /
Columbia CNA +5% sheep blood agar and
chromID® Vibrio may be a practicable alternative to
routinely employed chromogenic medium may be a
feasible alternative to routinely used media. They are
cost saving with reducing the number of agar plates
and provide presumptive data by coloration
specificity. Also in some cases, it is unnecessary to
do confirmation tests such as Gram stain, oxidase test
and determination of biochemical properties for
presumptive identification.
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The impact of hydrological regimes on the productivity in lake ecosystems has
received considerable attention in recent decades. This study tested the hypothesis
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Su Seviyesi Degisimlerinin Van Goélii’ndeki Balik¢ihiga Etkisi

Oz: Hidrolojik rejimlerin gol ekosistemlerindeki verimlilik iizerindeki etkisi son yillarda biiyiik ilgi gormektedir. Bu ¢alismada,
Van Golii su seviyesindeki degisimlerin balik¢ilik {iretimini etkiledigini dngdren hipotez test edilmistir. 2000-2014 yillar1 arasina
ait aylik su seviyesi verileri Hydroweb'den, aym1 déneme karsilik gelen balikgilik verileri ise Tiirkiye Istatistik Kurumu'ndan
alinmistir. Su seviyesindeki degisimlerin, avlanan balik miktarlar: ile anlamli bir iligki gosterip gdstermedigini test etmek igin
dogrusal regresyon analizinde bagimli degisken olarak avcilik verileri ile bagimsiz degisken olarak mevsimsel su seviyesi genligi
(amplitiit) ve ortalama yillik su seviyesi degerleri kullanilmigtir. Regresyon analizi sonucunda anlamli bir iligki bulunamamus,
avcilik miktarlarinda gozlenen yillik -575 tonluk dogrusal diisiis trendi, aynt dénemde gélde meydana gelen mevsimsel ve yillik su
seviyesi degisimleriyle uyumluluk géstermemistir. Av lirlin miktarlarindaki kalic1 diisiisiin sebebi, uzun siireli agir1 avcilik ve/veya
stoka katilimda siiregelen azalmalar olabilir. Mevsimsel ve yillik bagil dalgalanma endeks degerleri sirasiyla 0,402 ve 0,097 olarak
hesaplanmistir. Bu degerlerin olduk¢a diigiik olmasi Van Goli'niin hidrolojik olarak kararli oldugunu, su/kara gecis bolgesi
etkilesimlerinin sinirli diizeyde kaldigini ve gole nispeten diisiik niitrient girisi ger¢eklestigini gdstermektedir.

Anahtar kelimeler: Van Goli, su seviyesi degisimleri, verimlilik, balik¢ilik
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In addition, seasonal water level fluctuations may
influence the productivity and nutrient recycling

Introduction
Lake levels vary as a result of environmental and

anthropogenic factors such as climate elements,
tectonic activities, rivers, underground waters,
infiltrations from lake floors and human exploitation
of water resources (Zohary and Ostrovsky 2011,
Shafaei and Kisi 2016). Water flowing into lakes is
generally the main source of nutrient supply.

(Kolding and van Zwieten 2012). Especially in
relatively shallow and highly fluctuating lakes,
seasonal changes in levels of water carrying nutrients
from rivers or surrounding terrestrial ecosystems are
important. In deeper lakes, water level fluctuations
drive internal nutrient mixing (Zohary and Ostrovsky
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2011). Furthermore, with changes in water level,
interactions occur within the aquatic/terrestrial
transition zone and lead to terrestrial originated
accumulation of nutrient rich organic matter which
also enhances the productivity in the lake system. In
addition, water level fluctuations may impact lake
ecosystems negatively by enhancing eutrophication
and algal blooms. In short, seasonal and inter-annual
water level fluctuations have a crucial impact on the
productivity of lakes and fisheries landings
(Gownaris et al. 2018). The degree to which water
level fluctuations affect any given lake is highly
dependent on that lake’s average depth (Gownaris et
al. 2018). Kolding and van Zwieten (2012) suggested
an index called relative lake level fluctuation (RLLF),
which uses the amplitude (i.e. the range between the
maximum and minimum water level) and the average
depth of the lake. This index is useful to categorize
lakes as a proxy to productivity and classifies lake
systems as high RLLF and low RLLF, and can reflect
the system stability. The RLLF also serves as a proxy
for nutrient input and fish production.

In this study, the hypothesis that water level
fluctuations  will demonstrate significant
concordance with fish landings is tested. For this
purpose, Lake Van, Turkey’s largest lake, was
chosen. Interestingly, only one fish species inhabits
Lake Van, Alburnus tarichi, which is endemic and
commercially exploited. The contribution of A.
tarichi landings to Turkey’s total inland capture
fisheries is quite considerable. In 2019, for instance,
the landings of A. tarichi were 9970 tonnes, and
formed approximately 31% of the country’s total
inland fisheries production (Turkstat 2020). The aim
of this study was to investigate whether there was a
relationship between water level fluctuations and fish
production in Lake Van for the period of fifteen years
between 2000 and 2014. Another objective here is to
apply the RLLF to Lake Van in order to clearly
understand its system stability and to predict
productivity.

Materials and Methods

Lake Van (Figure 1) is the world’s largest soda
lake. It is characterized by highly alkaline-saline
water with a pH range of 9.7-9.9 and a 229 kg™ salt
content (Reimer et al. 2009). The lake itself is a
closed basin with a volume of about 600 km?3 a
maximum depth of 451 m and is located at an altitude
of 1648 m above sea level. The only fish species
living in Lake Van, A. tarichi is an anadromous fish
which migrates to breeding grounds of freshwater
inlets from April to July (Sar1 2008; Oguz 2013).

A. tarichi is a planktivorous fish and reaches sexual
maturity at about three years old and has an average
life span of seven years (Sar1t 2008). The major
part of the A. tarichi population lives in Lake Van,
but it also inhabits the smaller lakes of Ergek,
Nazik and Aygir in the Lake Van drainage basin
(Figure 1) albeit in relatively small numbers (Sen et
al. 2015).

Data on the water levels of Lake Van were
obtained from Hydroweb, an internet database
(http://nydroweb.theia-land.fr) ~ which  records
time series of water levels of rivers and lakes in
various places in the world by using
satellite altimeter data (Crétaux et al. 2011).
Water levels are given in meters above sea level (m
asl). The Hydroweb water level data of Lake Van
start in January 2000 and end in February 2015
and were recorded in intervals of roughly 30 days
(Figure 2). Since the data for 2015 only consisted of
the two first months of that year, they
were excluded from the analysis. Lake Van
fisheries data corresponding to the same time

period of the available water level data
(2000-2014) were acquired from the
website of the Turkish Statistical Institute

(http://www .turkstat.gov.tr) (Turkstat 2020).

In order to test whether water level fluctuations
would demonstrate significant concordance with fish
landings, a linear regression analysis was carried out
with landings data as a dependent variable and
hydrological variables as independent predictors. The
hydrological variables were seasonal water level
amplitude (WLamp) and mean annual water level
(WLy). The value of WLam, Was calculated for each
year as the difference between the maximum and
minimum water levels recorded in that year. The
WLy value for a given year was the mean of all water
levels recorded for that year. Prior to the linear
regression analysis, a correlation analysis was also
done to check whether the two independent
predictors were correlated with each other. A single-
factor analysis of variance was also conducted to
explore whether WL, values differed among the
years from 2000 to 2014. Following the analysis of
variance, Tukey's honestly significant difference
(HSD) test (Sokal and Rohlf 2012) was used for
pairwise comparisons among the years. All variables
were checked for normality using the Shapiro-Wilk
test and the homogeneity of variances was checked
with Levene’s test (Sokal and Rohlf 2012). Statistical
analyses were performed with R software version
3.5.3 (R Core Team 2019) with a significance level
set at 5%.
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Figure 1. Lake Van and its water drainage basin

The relative lake level fluctuation index (RLLF)
proposed by Kolding and van Zwieten (2012) is
defined as the percentage ratio of the average lake
level amplitude to the average depth of the lake. The
average lake level amplitude, hence the RLLF, can be
calculated from a time series of data in two different
ways. One way is to calculate the average seasonal
pulse amplitude, which is the average of the
differences between the maximum (max) and
minimum (min) water levels recorded within ith year.
This form is called RLLF-s:

L X ¥, max(WLy) - min(WL))
RLLF —s = x 100.
Average depth

Here n is the total number of years. So the
numerator in the above equation is simply the
average of the WLamp values described previously. In
the second form, referred to as RLLF-a, the average
lake level amplitude is calculated as the average
amplitude of inter-annual water levels, i.e. the
average of the absolute differences between the mean
water levels (WL) of two sequential years (i and i+1):

1 e
——1 X LIS WL — Wiy |
RLLF —a = % 100.
Average depth

While the RLLF-a is used to show the long term
inter-annual stability of a system, the RLLF-s
indicates the average strength of the seasonal pulse
with which different systems could be scaled in terms
of stability over different time scales (Kolding and
van Zwieten 2012). The value of average depth used
for Lake Van in the calculations with the above
equations is 170 m (Degens et al. 1984).

Results

Water levels of Lake Van from January
2000 to February 2015 obtained by using satellite
altimeter data are presented in Figure 2. The
minimum and maximum lake levels measured
corresponding to 1646.41 and 1648.13 masl, were
observed in November 2001 and June 2007,
respectively.

The monthly variations in the water level of
Lake Van during the fifteen-year period from
January 2000 to December 2014 are presented in
Figure 3. Although year to year variations exist
(Figure 2), water levels on average rose from
April through May and peaked in June and then
started to decrease reaching the lowest
level in December (Figure 3). Variances
associated with the monthly average water level
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values were homogenous (Levene’s test). year variations for each month were similar
In other words, when all data were combined, yearto  (Figure 3).
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Figure 2. The Hydroweb water level data of Lake Van from January 2000 to February 2015 with approximately monthly
intervals, obtained by using satellite radar altimeters
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Figure 3. Monthly variations in the water level of Lake Van during the fifteen-year period from January 2000 to December
2014. The dots represent monthly mean values and the vertical bars denote + standard deviations associated with those
means

The linear regression analysis carried out withthe  did not yield any significant coefficients. Nor were
landings data of A. tarichi as the dependent variable,  the two independent predictors correlated with each
and the WLamp and WLy as the independent predictors  other. The lack of concordance between any two of



Sener et al. 2021- LimnoFish 7(2): 157-165

161

these three variables can also be inferred from Figure
4 which depicts the year to year variations in the
landings, WLamp and WL, from 2000 to 2014 in Lake
Van. During this time, the highest A. tarichi landing
was observed in 2001 as 15848 tonnes. Thereafter the
landings began to decrease linearly at a rate of -575
tonnes per year (linear regression analysis with an
adjusted R? of 0.95) and the total catch amounted to
only 8310 tonnes in 2014 (Figure 4). In contrast, there
were no discernable linear or nonlinear trends in the
time series data of the WLamp and WL, (Figure 4).
The analysis of variance revealed that the WL,
values were not homogenous among the years from
2000 to 2014 and according to the follow-up Tukey’s
HSD test, three year groups; low, middle and high
lake levels can be distinguished based on the pairwise

comparisons of and WLy values. The low WL, years
were 2001, 2002 and 2003, and the middle WL, years
were 2004, 2009, 2012 and 2014. The remaining
years were the high WL, years (Figure 4). The
minimum and maximum values of WL, were
1646.99 and 1647.67 masl, respectively, and were
observed in 2002 and 2007. However, the minimum
and maximum WLamp Vvalues were recorded
in 2006 and 2001 as 0.35 and 1.05 m, respectively
(Figure 4). The average values (and + standard
deviations) of the WLamp and WLy, were 0.68 (+0.203)
m and 1647.44 (+0.209) m asl, respectively, over the
fifteen years.

The estimated values of RLLF-s and RLLF-a for
Lake Van between 2000 and 2014 were 0.402 and
0.097, respectively.
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Figure 4. Variations in the landings of A. tarichi (red dots), seasonal water level amplitude (green triangles) and mean
annual water level (dark blue squares) in Lake Van between 2000 and 2014

Discussion

Impact of water level fluctuations on the
ecological processes in lake ecosystems, particularly
regarding the biological productivity, has received
considerable attention, especially in the last three
decades (e.g., Coops et al. 2003; Leira and Cantonati
2008; Wantzen et al. 2008; Kolding and van Zwieten
2012; Gownaris et al. 2018). However, most of the
research focused on effects of water level

fluctuations on macrophyte communities in lakes and
reservoirs (Leira and Cantonati 2008; Gownaris et al.
2018). Only a limited number of studies investigated
the functional relationship between fisheries
productivity and magnitude of water level
fluctuations in lakes. Williams (1972) reported
highly significant correlations between the catch per
unit effort of the most common species in the
commercial catch Tilapia macruchir and the water



162

Sener et al. 2021- LimnoFish 7(2): 157-165

levels two years previously in Lake Mweru in
northern Zambia. Furse et al. (1979) providing no
statistical results noted that species composition and
magnitude of catches in the shallow Lake Chilwa in
Malawi were related to the level of the lake. Davies
and Sloane (1988) documented the impact of
variations in lake water level on the population
dynamics of two introduced trout species (Salmo
trutta and Oncorhynchus mykiss) in the Great Lake in
Tasmania. Tweddle and Magasa (1989) examined the
catch data of three cichlid species (Oreochromis spp.)
from a multigear (ring net, midwater and demersal
trawl) fishery in Lake Malawi in Malawi and showed
that the catches were related to changes in annual
mean lake level three years previously. Kolding
(1992) established a significant linear regression
between annual commercial catch per boat and mean
lake level of the previous year in Lake Turkana in
Kenya. Karenge and Kolding (1995) found no
significant correlation between the catch per unit
effort estimates from the man-made Lake Kariba
located between Zambia and Zimbabwe and mean
annual lake water levels. However, the catch per unit
effort values were highly significantly correlated to
the lake’s seasonal water level amplitude and the
differences between the mean lake water levels of
two sequential years (Karenge and Kolding 1995). In
another man-made lake, Lake Nasser in Egypt,
Agaypi (2000) used linear regression analysis and
demonstrated a significant functional relationship
between the log-transformed catch per unit effort of
Oreochromis niloticus and the mean lake levels two
years previously. Gownaris et al. (2017) regressed
log-transformed annual catch data from Lake
Turkana on seasonal water level amplitude and
preceding year’s lake level and obtained significant
linear regression coefficients. According to Gownaris
et al. (2017), the variations in Lake Turkana's fish
stocks appeared to have been linked to changes in the
lake’s hydrology rather than to fishing pressure.

The present study is the first attempt to
investigate water level fluctuations and their probable
impact on capture fisheries production in Turkey’s
standing inland waters. The linear regression analysis
carried out in this study attempting the relate the
landings data of A. tarichi from Lake Van to the two
independent hydrological variables, WLamp and WLy,
was an approach similar to that of Gownaris et al.
(2017). However, unlike the above mentioned works,
the regression analysis did not yield any significant
coefficients in the current investigation. Repeating
the linear regression analysis with the mean lake
levels of one or two previous years (i.e. WLy _; and
WLy_,) instead of WL, (Kolding 1992; Gownaris et
al. 2017; Williams 1972; Agaypi 2000) did not

change the outcome. The fisheries production from
Lake Van between 2000 and 2014 appeared to be
independent of the hydrological conditions prevailed
in the lake in the same time period. The general trend
observed in the landings was a linear decline and this
linearly decreasing trend did not match the seasonal
and inter-annual water level variations occurred in
the lake during the studied period (Figure 4).
Caution has been suggested when using fisheries
landings data from the Turkish Statistical Institute
since the accuracy, precision, coverage and
representativeness of these statistics have long been
debated (Tirasin and Unliioglu 2012). Tirasin and
Unliioglu (2012) stated that not only many fisheries
scientists but also a considerable number of people
involved in the fisheries sector are in a general
consensus that the catch figures reported in these
statistics are underestimates of the fish actually
caught and that a substantial amount goes unreported.
For example, illegal catches have routinely been
taken in Lake Van during the annual spawning
migration of A. tarichi to the freshwater inlets from
April to July even though all fisheries activities have
officially been banned in the entire lake between 15
April and 30 June every year since the late 1990s
(Sar1 2008). It is very difficult to estimate the
amounts of these unauthorized catches (Sar1 2008),
any attempt to adjust the catch statistics is, therefore,
also problematic. In spite of all valid concerns
regarding the official catch statistics, Tirasin and
Unliioglu (2012) acknowledge that they are still
considered by many in the field as a useful index
reflecting the overall variations in the stocks of major
fisheries resources. As the demand for consumption
of this fish did not change for the duration of the
investigated time period, it is reasonable to assume
that the total fishing effort in the lake did not vary
substantially from one year to another either. Thus,
the observed linear decay trend in A. tarichi landings
from 2001 to 2014 depicts clearly the decline of the
population in the lake during this time period. Such a
consistent decline in a fish population often results
from a prolonged overexploitation or in other terms
overfishing. The overfishing problem in Lake Van
was also stated by Sar1 (2008) and Sen et al. (2015).
Another likely explanation for the population decline
might be a continued failure in recruitment of
A. tarichi to Lake Van. Previous studies (Elp et al.
2006; Sen et al. 2015; Atict 2017) documented
various destructive anthropogenic activities in the
streams flowing into Lake Van such as sand
extraction, pollution, construction of regulators and
embankments, channeling water for irrigation which
caused degradation and loss of the breeding grounds
of this endemic species. According to Sen et al.
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(2015), ongoing devastation of the breeding grounds
has a more adverse impact on the A. tarichi
population in Lake Van than the overfishing.

The general trend observed in monthly variations
in the water level of Lake Van from the satellite
altimeter data from January 2000 to December 2014
was that the lake’s water level rose from April
through May and peaked in June and then started to
decrease (Figure 3) and the lowest level in December
is congruent with the earlier studies describing the
relationship  between the prevailing climatic
conditions in the region and lake water level
(Kadioglu et al. 1997, Altunkaynak et al. 2003).
Detailed description of seasonal dynamics of the
meteorological ~ processes  (i.e.  precipitation,
evaporation, inflow etc) considered to be affecting
the water level of Lake Van can be found in Kadioglu
etal. (1997).

There is a growing evidence that water level
fluctuations, particularly in tropical lakes and
reservoirs, have an important role in the injection and
re-suspension of nutrients, and accordingly has a
crucial impact on the productivity of these water
bodies (Kolding and van Zwieten 2012; Gownaris et
al. 2018). The simple empirical index, RLLF,
proposed by Kolding and van Zwieten (2012) to
categorize lakes as a proxy to productivity may serve
as a practical and useful means to provide some
indication of the production in Lake Van. Reminding
that the estimated values of RLLF-s and RLLF-a for
Lake Van in the present study are 0.402 and 0.097,
respectively. According to Kolding and van Zwieten
(2012), RLLF wvalues less than 1 indicates
hydrologically stable lakes with low production per
unit area. Based on these low RLLF values, the

natural hydrological regime of Lake Van can be
classified as steady meaning that the
aquatic/terrestrial transition zone interactions in the
lake are considered limited, and nutrient load is
relatively low. In order to provide more insight for
interpretation of the present RLLF estimates, Lake
Van can be compared with some other studied lakes
whose RLLF values are available (Table 1). Two
larger and deeper lakes than Lake Van, Tanganyika
and Malawi, and a slightly smaller but deeper one,
Lake Kivu have low RLLF and production values
comparable to those of Lake Van. Similar to Lake
Van, all these three lakes were classified as steady or
hydrologically stable by Kolding and van Zwieten
(2012). On the other hand, Lake Nasser, the larger but
much shallower lake has higher RLLF and production
values. The remaining two smaller and shallower
lakes (Lake Edward and Lake Mweru) were also
associated with higher RLLF and production values.
As Kolding and van Zwieten (2012) pointed out, the
impact of water level fluctuations on productivity in
the studied lakes (Table 1) is inversely proportional
with the size and depth of the system.

Drastic recruitment failure due to the destruction
of the breeding grounds in the connected streams and
the strong overfishing occurring in Lake Van might
have masked the relatively subtler effects of the lake
level fluctuations on the fisheries productivity.
However, studying the possible effects of variations
in a lake’s hydrology on the fisheries production may
prove to be very useful in other lakes in Turkey. In
addition, application of the simple empirical index,
RLLF, in other Turkish lakes may serve as an easy
and practical tool to get some indication of their
productive status.

Table 1. Morphometric, hydrological and fish production data on some lakes

Lakes Country Area Average Landing  RLLF-s RLLF-a
(km?) depth (m) (kg/ha)
Van Turkey 3574 170 26.35 0.39 0.10
Malawi Malawi, Tanzania, 29600 290 9.09 0.30 0.10
Mozambique
Kivu DR Congo, Rwanda 2693 240 27.79 0.14 0.06
Tanganyika Zambia, Tanzania, 32900 580 22.20 0.14 0.04
Burundi, DR Congo

Edward DR Congo, Uganda 2150 34 68.95 5.60 1.43
Mweru Zambia, DR Congo 2700 8 155.60 25.70 7.20
Nasser/Nubia Egypt, Sudan 5248 25 57.16 27.50 7.14

Excepting Lake Van all information regarding the other lakes is quoted from Kolding and van Zwieten (2012). Data on
area and average depth of Lake Van are from Degens et al. (1984). Amount of landing from Lake Van is the average of

landings from last five years (2010-2014)
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mermere), belonging to 8 different families (Cyprinidae, Leuciscidae,
Acheilognothidae, Gobionidae, Atherinidae, Cobitidae, Poeciliidae, Gobiidae).
Computed exponent b and R? values ranged from 1.9348 to 4.3466 and 0.7072 to
0.9986, respectively. In the study, a longer maximum length value was
determined for the two species than reported in the literature. In addition, this
study presents the first records of LWR parameters for four endemic species in the
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Gediz Nehri Havzas1 Lentik Sistemindeki (Tiirkiye) 15 Farkh Tath Su Balig Tiiriiniin Boy-Agirhk iliskileri

Oz: Calismanin amaci, Gediz Nehri lentik sisteminde yayilis gésteren tathisu balik tiirlerinin boy-agirlik iliskilerini belirlemektir.
Balik 6rnekleri Kasim 2016 ve Nisan 2017 tarihlerinde Gediz Nehri lentik sistemindeki (6 farkli lokalite), ¢okgozlii solungag ve
kiy1 siiriitme aglari ile toplanmigtir. Boy-agirlik iligkileri, 8 farkli aileye (Cyprinidae, Leuciscidae, Acheilognothidae, Gobionidae,
Atherinidae, Cobitidae, Poeciliidae, Gobiidae) ait, 15 balik tiirii (Luciobarbus lydianus, Barbus pergamonensis, Cyprinus carpio,
Carassius gibelio, Petroleuciscus smyrnaeus, Alburnus battalgilae, Squalius fellowesii, Chondrostoma holmwoodii, Vimba vimba,
Rhodeus amarus, Pseudorashora parva, Atherina boyeri, Cobitis kurui, Gambusia holbrooki and Knipowitschia mermere) igin
tahmin edilmistir. Hesaplanan b ve R? degerleri sirasiyla, 1,9348 ile 4,3466 ve 0,7072 ile 0,9986 arasinda degismektedir. Calismada,
iki tiir i¢in mevcut literatiirde bildirilenden daha uzun bir maksimum uzunluk degeri tespit edilmistir. Ayrica bu ¢aligma havzadaki
dort endemik tiir igin boy-agirlik iligkisi parametrelerinin ilk kayitlarin1 sunmaktadir.

Anahtar kelimeler: Boy-agirlik iligkisi parametreleri, gol, rezervuar, Batt Anadolu, Gediz Nehri
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Introduction

Length and weight, both in population and
individual basis, are two basic morphological
characteristics in fish biology. The weight of fish is
closely related to their length, thus it determines
whether somatic growth is isometric or allometric.
Length-weight relationship (LWR) is widely used for
fisheries management and conservation (LeCren
1951; Pitcher and Hart 1982; Froese 2006; Froese et
al. 2011). They are commonly used for weight

estimation from the length of individual fish
(Tsoumani et al. 2006) and for the calculation of
condition factors when comparing observed and
expected length—weight values (LeCren 1951; Froese
2006; Gaygusuz et al. 2013).

Turkey is geographically situated between two
continents and is one of the few terrestrial parts of
world with high biological diversity. Turkey's
geography consists of the Anatolian and Thrace
regions, but its ichthyofaunal richness originates
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from the Anatolian region (Gortr et al. 1984; Giiglii
and Kiiciik 2015). Although scientific studies in
Anatolia began in the second half of the 18th century,
the basic biological information for the majority of
freshwater fish species in Turkey is still missing
(Gtiglii and Kiigiik 2015).

Located in the Aegean Region of Turkey, Gediz
River's length is second only to the Biiyiik Menderes
River, which is flow in the south is roughly parallel
with a distance of slightly more than a hundred
kilometers. Length of the Gediz River is 401 km and
has a stream catchment area of 17.500 km?2. River
basin has been contaminated day by day, due to
intensive, rapid and excessive industrial, domestic
and agricultural expansion. However, the reserve
suffers from water shortages due to large volume
water demand of irrigation projects connected to the
Demirkoprii reservoir. High level of urbanization and
industrialization throughout the basin also cause
Gediz River to be exposed to severe pollution,
especially from sand and gravel quarries and the
leather industry. These factors have caused the river's
former rich fish reserves to become a thing of the past
in today (Guglii and Kiiciik 2015).

There is no ecological study (length—weight
relationship) conducted with Luciobarbus lydianus,
Chondrostoma holmwoodii, Barbus pergamonensis
and Cobitis kurui, which are endemic fish fauna of
the basin. Researches on the other endemics of the
basin,  Petroleuciscus  smyrnaeus,  Alburnus
battalgilae and Knipowitschia mermere are also
limited. In this study, we described the LWR
parameters for 15 fish species (8 endemic, 3 natural
and 4 invasive species) obtained from 6 different
locations (including two lake and four reservoirs) in

the lentic system of the Gediz River basin (Aegean
Region, Turkey). The aim of this study was to
produce LWR for species in Gediz River basin, which
will be helpful for sustainable management of local
fishery and developing of conservation programs in
the region.

Materials and Methods

The study was carried out in 6 different locations
including two lakes and four reservoirs (Kiigiikler,
Afsar, Buldan and Demirkoprii reservoirs, the
Golciik and the Marmara Lakes) in the lentic system
of the Gediz River basin (Turkey) (Table 1). 1630
individuals were caught from 15 species, belonging
to 8 families (Cyprinidae (4), Leuciscidae (5),
Achelignothidae (1), Gobionidae (1), Atherinidae
(1), Poeciliidae (1), Gobiidae (1) and Cobitidae (1)).
Sampling was carried out in November 2016 and
April 2017 (one fishing operation was carried out on
the specified dates) with multi mesh gillnets (35x1.5
m and 35x6 m in size, 10, 15, 20, 40, 55, 70, 80 and
100 mm mesh size) according to modified TS EN
14757 and beach seine net (5 and 15 mm mesh size)
in the study area. Family names were given
taxonomically according to Stout et al. (2016) and
Van der Laan (2017). Specimens were measured to
the nearest 0.1 cm total length and weighted to the
nearest 0.01 g total weight. The LWR was established
using the exponential regression equation W = aTL®,
where W was the body weight in g, TL was the total
length in cm, “@” is the intercept and “b” is the
regression coefficient (Ricker 1975). The statistical
significance level of the coefficient of determination
(R?) and 95% confidence intervals (95% CI) of b was
also estimated (Zar 1999).

Table 1. Lentic sampling points in the Gediz River basin

Lokality Code Altitude Coordinates

Kiigiikler reservoir (Usak) KR 1.241m 38°52730""N-29°36"39" E
Afsar reservoir (Manisa) AR 249 m 38°14720""N-28°36"29" E
Buldan reservoir (Denizli) BR 481 m 38°08° 40" N-28°50"44"" E
Demirkdprii reservoir (Manisa) DR 234 m 38°39740""N-28°21"01""E
Golciik Lake (izmir) GL 1.052 m 38°19°01""N-28°01"37"E
Marmara Lake (Manisa) ML 76m 38°36"59""N-27°59"00" E

Results and Discussion

A total of 1630 specimens of 15 species
belonging to 8 families were used for calculation of
the LWR. Table 2 shows range of TL and W,
parameters a and b, the 95% confidence limits of b
and the regression coefficient (R?). Eight of these 15
species were endemic. Computed LWR parameters
for 4 endemic species (L. lydianus, C. holmwoodii,

B. pergamonensis, C. kurui) are given for the first
time. New maximum length values has been
determined for P. parva (11.14 cm TL, Afsar
reservoir) and K. mermere (3.74 cm TL, Marmara
Lake) in the basin. The expected range of 2.5<b<3.5
was confirmed for all species (Froese 2000).
Positive or negative allometry indicates a rounder or
slimmer body, respectively, whereas isometric
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growth shows that the body grows in the same  Demirkoprii reservoir). The regression coefficient
proportion in all dimensions (Jobling 2008). The  between length and weight (R?) varied between
values of parameter b varied from 1.9348 (A. 0.7072 for C. kurui (Marmara Lake) and 0.9986 for
battalgilae, Marmara Lake) to 4.3466 (C. gibelio, V.vimba (Marmara Lake).

Table 2. LWR parameters of fishes in lentic systems in Gediz River basin

Species Loc. n TL W a b 95% R?
range range Clofb

Cyprinidae
L. lydianus DR 14 9.53-11.03 9.12-14.20 0.0148 2.8459 2.8216-2.8621 0.9506
AR 27 13.57-25.26 26.05-182.45 0.0134 2.9266 2.8984-2.9412 0.9761
B. pergamonensis KR 16 12.89.16.89 23.67-50.21 0.0785 2.2511 2.2301-2.2732 0.9257
C. carpio GL 9 14.89-20.85 47.35-159.13 0.0050 3.4250 3.3976-3.4501 0.9507
BR 35 12.61-22.64 33.52-191.51 0.0291 2.7721 2.7623-2.7903 0.9751
AR 12 12.85-25.50 34.84-339.57 0.0123 3.0752 3.0601-3.0934 0.9719
C. gibelio GL 20 12.44-17.64 38.12-102.00 0.0144 3.1038 3.0812-3.1189 0.9373
KR 15 19.52-20.61 121.69-145.10 0.0015 3.8076 3.7912-3.8220 0.8644
BR 21 19.23-20.85 122.35-160.60 0.0025 3.6361 3.6203-3.6424 0.9134
DR 5 19.72-20.03 124.60-134.50 0.0003 4.3466 4.3109-4.3821 0.9630
ML 56 7.59-22.85 6.36-216.60 0.0167 3.0320 3.0192-3.0498 0.9849
AR 15 14.15-21.21 50.78-172.97 0.0115 3.1229 3.1145-3.1387 0.9632

Leuciscidae
P. smyrnaeus GL 85 5.29-8.24 2.36-10.98 0.0011 3.1597 3.1456-3.1721 0.9776
ML 208 4.91-12.48 1.64-30.65 0.0075 3.3276 3.3040-3.3421 0.9830
AR 307 5.25-13.42 2.08-35.15 0.0100 3.1655 3.1423-3.1875 0.9831
A. battalgilae DR 34 12.01-18.56 15.11-76.88 0.0009 3.9075 3.8821-3.9206 0.9470
ML 10 19.42-19.86 75.14-81.25 0.2353 1.9348 1.9175-1.9542 0.8759
S. fellowesii KR 47 11.54-17.61 15.80-52.16 0.0312 2.6073 2.5901-2.6231 0.9210
BR 14 12.84-19.14 18.90-56.34 0.0314 2.5971 2.5701-2.6124 0.9124
C. holmwoodii AR 27 15.44-23.74 31.23-104.60 0.0041 3.2680 2.2431-2.2789 0.9880
V. vimba ML 15 12.06-23.41 18.47-189.23 0.0032 3.4884 3.4686-3.5001 0.9986

Acheilognothidae

R. amarus DR 25 3.48-5.81 0.46-2.79 0.0067 3.4511 3.4345-3.4704 0.9245
ML 142 3.48-5.61 0.46-2.38 0.0081 3.3473 3.3223-3.3635 0.8919

Gobionidae
P. parva DR 73 5.51-9.10 1.46-6.87 0.0094 3.0080 2.9802-3.0121 0.9434
ML 122 4.63-9.67 0.91-8.04 0.0236 2.5294 2.5058-2.5421 0.8078
AR 61 4.09-11.14" 0.80-15.47 0.012 2.9863 2.9740-3.0023 0.9880

Atherinidae
A. boyeri DR 101 6.61-10.48 1.84-8.98 0.0029 3.4227 3.4006-3.4442 0.9637
ML 19 5.93-7.44 1.37-2.66 0.0082 3.9208 3.9002-3.9445 0.7767

Cobitidae
C. kurui BR 14 6.82-8.58 2.58-4.84 0.0206 2.5074 2.4790-2.5132 0.9539
ML 15 5.22-7.22 1.14-2.30 0.0162 24941 2.4601-2.5147 0.7072
AR 21 7.01-8.00 2.58-3.32 0.0066 3.0271 3.0178-3.0413 0.9258

Poeciliidae
G. holbrooki ML 20 3.09-5.13 0.50-2.64 0.0090 3.4789 3.4640-3.4825 0.9589

Gobiidae

K. mermere ML 25 2.53-3.74" 0.19-0.66 0.0082 3.4064 3.3814-3.4206 0.8723

Loc: lokality, n: number of individuals, TL: total length (cm), W: weigth (g), “New maximum length
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According to Tesch (1971), the wvalues
b varies between 2 to 4, and mostly remained
within  the expected range of 25-35.
Length-weight relationship parameters are affected
by  wvarious  factors such as  season,
number of individuals surveyed, habitat, gonad
maturity, gender and stomach content (Bagenal and
Tesch 1978). In particular, b values are considered to
be high for two species (b= 4.3466 C. gibelio -
Demirkoprii reservoir, b= 1.9348 A. battalgilae
Marmara Lake). Because the number of samples is

small and therefore covers a narrow range of lengths
(Froese 2006).

The comparison of the values obtained in the
study with limited number of previous studies
conducted in the basin is shown in Table 3.
Differences with b values obtained in the other
studies may be due to factors affecting fish growth,
such as water quality and nutrient availability (Sparre
et al. 1989). Another reason for such differences may
be the differences in number of samples, sampling
time and sampling methods of the species.

Table 3. Comparison of LWR parameters reported by different studies in the Gediz River basin lentic system

Species Locality Ref. n TL range W range a b R?
A. boyeri Marmara Lake 1 101 3.70-8.70 0.40-5.40 0.0084 2908 0.971
Marmara Lake 2 20 3.80-4.70 0.36-0.64 0.0010 2.580 0.880
Demirkdprii reservoir 2 41 3.90-13.60 0.40-16.50 0.0080 2.949  0.990
Gediz estuary 3 121 3.20-10.139 0.24-7.29 0.0073 2.985 0.999
C. gibelio Marmara Lake 1 2213 6.80-27.50 4.90-372.20 0.0173 2.974 0.976
Buldan reservoir*! 4 2325 9.70-25.50 23.80-269.10 0.0310 2.870 0.985
C. carpio Marmara Lake 1 120 11.30-49.00 24.00-1790.00 0.0310 2.796 0.979
V. vimba Marmara Lake 1 79 14.20-24.90 36.30-236.90 0.0053 3.283 0.974
R. amarus Marmara Lake 1 105 2.80-6.50 0.26-4.49 0.0089 3.328 0.972
P. parva Marmara Lake 1 116 5.20-11.00 1.60-14.60 0.0121 2929  0.983
G. holbrooki Marmara Lake™? 1 5 2.60-3.90 0.20-0.80 0.0145 2945 0.818
Marmara Lake 5 35 - - 0.0160 2.905 0.975
A. battalgilae Marmara Lake 1 298 14.60-24.10 31.60-141.60 0.0102 2.997 0.876
P. smyrnaeus Marmara Lake 1 87 4.40-13.80 1.30-45.70 0.0091 3284 0.994
K. mermere Marmara Lake 1 39 2.00-2.70 0.08-0.23 0.0069 3.429 0.849

Ref.: Reference, *! Fork length, *? G.affinis, 1.ilhan and Sar1 2015; 2. innal and Engin 2020; 3. Kara et al. 2017; 4. Sar1

et al. 2008; 5. Kurtul and Sar1 2020

The results of the study provide useful
information for the management and protection of
endemic species that are particularly threatened by
water pollution, habitat loss, river regulation, water
extraction and invasive-alien fish inflows. Besides
contributing the LWR knowledge of fish found in the
inland waters of Turkey, this study will form an
important basis for the work will be done in the
future.
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ABSTRACT

ARTICLE INFO

A review is provided of length—length relationships (LLR) for common carp

(Cyprinus carpio L., 1758) at the global scale. In total, 16 studies were retrieved

from a comprehensive literature search that provided LLR for C. carpio
populations from 26 water bodies consisting of rivers, lakes and reservoirs across
nine countries in four continents. There was large variation in LLR, which were
available for all six possible combinations of total, fork and standard length, due
to the wide range of fish sizes measured. This is the first study that provides LLR
for C. carpio that can be used as a reference base for future age-growth and

population dynamics studies on this species.
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Sazan Cyprinus carpio (Cypriniformes: Cyprinidae) icin Global Boy-Boy iliskileri

Oz: Bu calismada kiiresel 6lgekte sazanin Cyprinus carpio boy-boy iliskilerinin bir derlemesi gergeklestirilmistir. Toplamda 16
caligmada, dort kitadan dokuz itilkedeki rezervuarlar, géller ve akarsular1 igeren 26 su kiitlesinden C. carpio popiilasyonlarinin
boy-boy iliskileri kapsamli bir literatiir taramasi ile toplanmustir. Cok genis boy araliklarinin varligi nedeniyle miimkiin olan altt
olas1 total, catal ve standart boy kombinasyonlar i¢in boy-boy iligkilerinde 6nemli varyasyonlar tespit edilmistir. Bu ¢aligma, tiir
icin gelecekte gerceklestirilecek popiilasyon dinamigi ve yas-biiylime calismalarinda referans olarak kullanilabilecek boy-boy

iligkilerini saglayan ilk ¢aligmadir.

Anahtar kelimeler: Boy, biiyiime, popiilasyon dinamikleri, istilac1 tiir, Tiirkiye
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Introduction

Length-length relationships (LLR) are important
in fish stock and population assessment (Ricker
1968) and for comparative population growth studies
(Binohlan et al. 1998). The common carp Cyprinus
carpio is one of the most widely distributed
freshwater fishes in the world (Froese and Pauly
2019), and is a species of particular ecological
relevance due to its dual status of both vulnerable in
its native area of distribution (Freyhof and Kottelat
2008) and noxious in most of its non-native areas
(Vilizzi 2012; Vilizzi et al. 2015a). A plethora of age-
growth studies worldwide have provided length-at-
age, weight—length relationships and condition

factors for this species, and these were recently
reviewed in Vilizzi and Copp (2017). This study
provides LLR for C. carpio based on a similar,
comprehensive literature review. Such information is
timely, because there are currently no peer-reviewed
based LLR for this species available from FishBase
(Froese and Pauly 2019) that can be used as a
reference base for age-growth and population
dynamics studies on C. carpio.

Length-length relationships for C. carpio were
retrieved from publications in the peer-reviewed and
‘grey’ literature (cf. conference proceedings). For
each study providing LLR, the following were
recorded: (i) number of fish; (ii) minimum and
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maximum length type (if provided) used
for the conversion [i.e. independent Y variable
in the length—length equation Y = a+ bX, where
X is the dependent variable, and Y and X
are either total length (TL), fork length
(FL) or standard length (SL)]; (iii) parameters
a and b of the length-length equation;
(iv) coefficient of determination r? (v) water body
and country of study; (vi) literature source. Whenever
LLR were (also) provided for males and females
separately, these were added to the database for
completeness together with the LLR for the sexes
combined.

In total, 16 studies were retrieved that provided
LLR for C. carpio populations from 26 water bodies
consisting of rivers, lakes and reservoirs across nine
countries in Europe, Africa, Asia and Australasia
(Table 1).  Length-length  relationships  were
available for all six possible combinations (i.e. as
dependent/independent variables) of SL, FL and TL,
with fish sizes ranging from 87 mm SL to 780 mm
TL (Table 1). Overall, length—length equations, as
described by parameters a and b, were quite different
across studies and this was mainly related to the large
variation in the range of fish sizes used for the LLR
computations.

Table 1. Length-length relationships for common carp Cyprinus carpio worldwide grouped according to type of
conversion (i.e. X — Y, where X is the predictor length type and Y is the response length type in the equation: Y = a +
bX). TL = total length; FL = fork length; SL = standard length. For each water body, the following are provided: number
of fish measured (n), minimum (min) and maximum (max) predictor length type (if provided), parameters a and b,
coefficient of determination r?, country, and source study. Decimal places are reported in all cases as per the original

source.

n Min (mm)  Max (mm) a b r Water body Country  Source

TL — FL (FL=a + bTL)

601 111 767 -12.167 0.929 0.999 Lower River Murray Australia (15)
35 207 598 0.661 0.8717 0.94 Anzali Wetland Iran (10)
77 115 780 -3.5872 0.9184 - Hirfanli Reservoir Turkey (8)

114 199 300 —6.622 1.020 0.978 K’sob Reservoir Algeria 9T
36 203 380 —7.676 1.026  0.992 K’sob Reservoir Algeria (C))s
19 106 320 0.065 0.887 0.998 Biiyiikcekmece Reservoir Turkey (12)
26 122 424 -0.598 0.9024 — River Kizilirmak Basin Turkey (13)
20 140 180 —-18.02 1.045  0.995 River Ganga India @

TL — SL (SL=a+bTL)

122 175 720 8.274 0.845 - Lake Vransko Croatia (14)

148 - - -0.123 0.828  0.996 Hirfanli Reservoir Turkey a7
83 - — -0.104 0.829 0.995 Hirfanli Reservoir Turkey (7Dt
65 - — —0.109 0.825 0.997 Hirfanli Reservoir Turkey (7%

114 199 300 -9.626 1.012  0.986 K'sob Reservoir Algeria T
36 203 380 -3.768 0.970 0.990 K'sob Reservoir Algeria (C))s
19 106 320 0.404 0.794 0.996  Biiyiikgekmece Reservoir Turkey (12)
26 122 424 -0.5260 0.817 - River Kizilirmak Basin Turkey (13)
20 140 180 —40.12 1.115 0.982 River Ganga India (7§

FL — SL (SL=a + bFL)

160 100.1 438.2 —2.1977 0.8815 — River Guadalquivir Spain (&)
26 - - -0.1474 0.8991 - River Kizilirmak Basin Turkey (13)

FL — TL (TL =a + bFL)

160 100.1 438.2 —2.8817 1.1058 - River Guadalquivir Spain (5)

337 174.3 401.1 0.1584  1.0947 0.995 Gelingiillii Reservoir Turkey 4

142 - - 1.10 1.07 0.99 Altinkaya Reservoir Turkey (16)
65 - — 0.80 1.08 0.99 Altinkaya Reservoir Turkey (16)T
77 - - 1.26 1.07 0.99 Altinkaya Reservoir Turkey (16)i

155 - - —-0.02 1.09 0.99 Lakes Bafra Balik Turkey (16)
74 - - 0.13 1.08 0.99 Lakes Bafra Balik Turkey et
81 - — -0.16 1.09 0.99 Lakes Bafra Balik Turkey (16)%
97 - — 2.13 1.04 0.99 Derbent Reservoir Turkey (16)




Vilizzi & Tarkan 2021 - LimnoFish 7(2): 171-175

173

(Table 1. continued)

n Min (mm) Max (mm) a b r Water body Country  Source
49 - - 1.93 1.05 0.99 Derbent Reservoir Turkey (16)t
48 - - 2.02 1.04 0.99 Derbent Reservoir Turkey (16)1
36 - - 0.33 1.12 0.99 Lake Karabogaz Turkey (16)
6 - - 0.39 1.11 0.99 Lake Karabogaz Turkey (et
30 — - —-0.23 1.08 0.99 Lake Karabogaz Turkey (16)%
148 113 454 0.246 1.10 0.998 Hirfanl Reservoir Turkey @an
83 133 454 0.209 1.10 0.997 Hirfanli Reservoir Turkey  (17)f
65 113 425 0.274 1.10 0.998 Hirfanli Reservoir Turkey  (17)%
42 119 217 -4.073  1.1815 - Lake Ula Turkey (17)
120 - - 0.1025  0.9612 0.998 Dahmouni Reservoir Algeria (2)
38 - - 0.0915 0.969 0.9984 Dahmouni Reservoir Algeria )1
50 - - 0.0974  0.9462  0.9979 Dahmouni Reservoir Algeria )i
SL — FL (FL=a + bSL)
602 87 647 8.667 1.097 0.995 Lower River Murray Australia  (15)
148 - - 0.025 1.09 0.997 Hirfanli Reservoir Turkey a7
83 - - 0.058 1.09 0.996 Hirfanli Reservoir Turkey a7
65 - - —0.042 1.10 0.998 Hirfanli Reservoir Turkey a7
42 104 187 5.8308  1.0695 - Lake Ula Turkey (11)
SL —» TL (TL=a+bSL)
12 117 409 0.2635  1.1937 0.999 Lake Iznik Turkey (6)
49 104 740 1.9500 1.1233 0.997 Omerli Dam Turkey (6)
42 93 172 2.7014  1.2645 - Lake Ula Turkey (11)
10 222.0 253.0 60.6 0.93 0.53 Baghdad Iraq (D§
10 213.0 259.0 118.3 0.68 0.58 Babil Iraq (D§
10 221.2 248.6 249.1 0.10 0.02 Karbala Iraq (D§
10 224.0 259.0 121.9 0.64 0.49 Al-Najaf Iraq (1§
10 239.0 295.0 195.9 0.47 0.32 Dhi Qar Iraq (1§
12 238.6 295.3 208.3 0.42 0.31 Al-Muthanna Iraq (1§
12 209.0 256.0 194.8 0.47 0.97 Al-Basrah Iraq (1§
100 - - 0.30 1.18 0.99 Three Gorges Reservoir China 3)

Source: (1) Al-jebory et al. (2018); (2) Askri et al. (2013); (3) Xie et al. (2019); (4) Ekmekgi (1996); (5) Fernandez-
Delgado (1990); (6) Gaygusuz et al. (2006); (7) Kamboj and Kamboj (2019); (8) Kirankaya et al. (2014); (9) Mimeche et
al. (2015); (10) Moradinasab et al. (2012); (11) Onsoy et al. (2011); (12) Sa¢ and Okgerman (2016); (13) Sungur
Birecikligil et al. (2016); (14) Treer et al. (1995); (15) Vilizzi (1997); (16) Yilmaz et al. (2010a); (17) Yilmaz, et al.

(2010b).

+ Parameter a multiplied by 10 (original measurements in cm). § Males. § Females. SL measured at the hypural

plate.

Discussion

This is the first study to provide a summary of
LLR for C. carpio at the global scale, and together
with the review by Vilizzi and Copp (2017) provides
a comprehensive reference base for the ‘vital
statistics’ (sensu Ricker and Foerster 1948) regarding
the age and growth of this species. Based on a
comparative evaluation of TL, FL and SL for three
cyprinid fishes including C. carpio, TL was
suggested to be the most reliable length measurement
(Onsoy et al. 2011). At the same time, the proportion
of age-growth studies for C. carpio using FL was
found to be larger than those relying on SL and TL

(Vilizzi and Copp 2017), with a strong
bias towards the use of FL in studies from
Anatolia (Vilizzi et al. 2015b) and the use of SL
[cf. longitudo corporis (Balon 1957) or ‘length
to the base of C’ (Berg 1964)] in studies from
the former USSR. The LLR provided in the
present study for all length type combinations
as well as for a range of waterbody types
(for  which overall growth differences
have been described by Vilizzi and Copp 2017),
will help in the selection of the parameters ‘best’
suited to the C. carpio population(s) under
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investigation, including studies on both young-of-
year and adult fish.
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Mikroalgal Uretimlerde Kinetik Modelleme

Bahar ASLANBAY GULERY "2 Esra IMAMOGLU!

'Ege Universitesi, Miihendislik Fakiiltesi, Biyomiihendislik Boliimii, Izmir, Tiirkiye

0z MAKALE BiLGIiSI
Tek hiicreli, basit organizmalar olan mikroalgler, sahip olduklari karakteristik DERLEME
ozellikleri sayesinde gida, ¢evre teknolojileri, enerji, kozmetik, ilag, akuakiiltiir
gibi cesitli endiistrilerde yaygin olarak kullanilmaktadir. Mikroalglere ve Gelis :31.08.2020 E- E
uygulama alanlarina olan ilgi her gegen giin artis gosterse de endiistriyel ¢aptaki Diizeltme  :30.12.2020 H .
iretimlerde cesitli sorunlarla karsi karsiya kalinabilmektedir. Organizmalarin
biiyiime kinetigi ve hedef {iriin eldesi proseslerdeki temel asamalardan olup, bu Kabul +09.01.2021
yu g p § p,
asamalarda meydana gelebilecek herhangi bir problem, sistemin tamamini Yayim :26.08.2021 E

olumsuz etkilemektedir. Bu problemleri 6nlemek igin izlenebilecek yollardan

biri, hiicrelerin biiylimesini ve {irlin miktarin1 etkileyen parametrelerin DOI:10.17216/LimnoFish.787055

kullanimiyla kinetik modeller gelistirilmesidir. Matematiksel modeller ile iiretim
sirasinda elde edilen sonuglarin sayisal olarak ifadesi saglanmakta ve bdylece
6lgek bilylitmede ve benzer proseslerde kullanilabilecek giivenilir veriler elde
edilmektedir. Bu makalede, mikroalg hiicrelerinin biiylimesi ve {iriin iiretimine
dair gelistirilen kinetik modeller substrat, 151k ve sicaklik parametreleri agisindan
degerlendirilerek literatiirde kullanilan modeller 6zetlenmistir.
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Phone :+90232 31158 20
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Anahtar kelimeler: Kinetik modelleme, mikroalg, 1s1k yogunlugu, substrat,
sicaklik

Kinetic Modelling of Microalgae Productions

Abstract: Being simple organisms, unicellular microalgae are commonly used in several industrial applications such as food,
environmental technologies, energy, cosmetic, pharmaceutical and aquaculture due to their specific features. Although the interest
in microalgae and their application areas are increasing day by day, various problems may be encountered for their industrial scale
production. Varieties of problems may be faced in their industrial scale production despite the interest on microalgae and their
application areas are increasing day by day, Growth kinetics of organisms and target product formations are the basic stages in the
processes when any problem that may occur during these stages affects the entire system negatively. One of the ways to prevent
these problems is to develop kinetic models by means of using parameters that affect the growth of cells and the amount of product.
Numerical expression of the results gained during the tproduction is provided with mathematical models, and thus, reliable data that
can be used in scaling up and similar processes are obtained. In this article, the models used in the literature are summarized by
evaluating the kinetic models developed for the growth of microalgae cells and product production in terms of substrate, light and
temperature parameters.

Keywords: Kinetic modelling, microalgae, light intensity, substrate, temperature
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Giris

Biyolojik  proseslerde  hiicrelerin  biiyiime
karakteristikleri, iiriin liretimi, substrat tilketimi gibi
metabolik fonksiyonlar, iiretime etki eden c¢esitli
parametrelerin degerlendirilmesiyle optimize
edilmektedir. Uygun kosullarda gerceklestirilen
dretimler hem mevcut prosesin  basarisini
gostermekte hem de benzer proseslere model
iiretimler  olarak  kullamlabilmektedir. ~ Uretim
sirasinda elde edilen sonuglarin soézel ifadesi yerine

sayisal olarak belirtilmesi sistemlerin verimliligini
tanmimlamada daha gergek¢i sonuglar ortaya
¢ikarmaktadir. Ayrica benzer prosesler ya da dlgek
biiylitme islemleri igin gerekli verilerin kolay elde
edilebilirligini saglamaktadir. Bu noktada hiicrelerin
davraniglariin matematiksel olarak ortaya kondugu
kinetik modeller karsimiza ¢ikmaktadir.

Kinetik modelleme biyolojik bir prosesin nicel
olarak ifadesidir. Matematiksel modeller prosesin
kontroliine yardimc1 olurken, maliyeti distiriip, tiriin


http://10.0.67.64/LimnoFish.787055
http://doi:%2010.17216/LimnoFish.787055
https://orcid.org/0000-0002-0113-4823
https://orcid.org/0000-0001-8759-7388
http://10.0.67.64/LimnoFish.787055

Aslanbay Giiler ve Imamoglu 2021 - LimnoFish 7(2): 176-183

177

kalitesini arttirmaktadir. Laboratuvar 06lgeginden
ticari Olcege geciste yasanan en biiyiik sorunlardan
biri, biiyiik Olcekteki optimum  kosullarin
ongoriilememesidir. Cevresel parametrelerin  her
birinin ayr ayr1 denendigi optimizasyon caligmalari
ise Ozellikle maliyet acisindan biiyiik kayiplara yol
acmakta ve gereksiz zaman almaktadir. Her
parametrenin biiyiik 6l¢cekte denenmesi yerine kiigiik
Olcekte yapilan iiretim sonuclarindan matematiksel
modellerin olusturulmasi ve bunlarin yeni iiretimlere
entegrasyonu c¢ok daha avantajli bir yontemdir
(Koutinas vd. 2012). Kinetik modellerde hiicre
davraniglar1 zamana gore irdelenerek hiicre biiylime
hizi, irin olusumu, substrat tiiketimi gibi
mekanizmalar matematiksel olarak
belirlenebilmektedir. Hiicre davramislarini etkileyen
parametrelerin ¢cok sayida oldugu gbéz Oniine
alimdiginda ¢esitli aragtirmalar sonucunda tiim
parametrelerin  degerlendirildigi farklt modeller
gelistirilmis ve proseslere gore modifikasyonlari
yapilmistir. Gelistirilen modeller temelde siireg ve
sonu¢ odakli olmak iizere iki ana gruba
ayrilmaktadir.  “Aciklayici” modeller biyolojik
siirecteki mekanizmalarin nicel olarak ifadesine
dayanir. Metabolik yolaklar, ara asamalar ve son
uriine giderken gegilen asamalarin matematiksel
modellemesi yapilmaktadir. Bu modeller son derece
karmagik olmasindan dolay1 tizerinde

modifikasyonlarla sadelestirilmeye c¢alisilmaktadir.
“Betimleyici” modeller ise sonuca odaklidir. Bu
modeller {iretimin performansini 6ngdrme yoniinde
gelistirilmistir. Cogu prosesin modellemesinde kolay
ve amaca yonelik olmasindan dolayr bu modeller
kullanilmaktadir (James ve Boriah 2010; Lee vd.
2015; Huesemann vd. 2016).

Bu makalede, mikroalg hiicrelerinin biiyiimesi ve
iriin Uretimine dair gelistirilen kinetik modeller
Substrat, 151k ve sicaklik parametreleri agisindan
degerlendirilerek literatiirde kullanilan modeller
Ozetlenmigtir.

Mikroalgal Biiyiime Hizinin  Kinetik
Modellemesi
Mikroalgal biyokiitle iiretiminde gelistirilen

modeller 151k yogunlugu, sicaklik, pH, ¢6ziinmiis
oksijen ile karbonidoksit miktar1 ve gerekli besinlerin
konsantrasyonu gibi parametreleri igerdiginden
karmasik modellerdir. Bu parametrelerin ayri ayri
incelendigi modeller oldugu gibi birbirleriyle
etkilesimlerini de g6z Oniinde bulunduran g¢oklu
faktor iceren modeller de kullanilmaktadir. Her ne
kadar farkli model g¢esitleri s6z konusu olsa da
temelde iiretim siiresince hiicre davraniglarinin iyi bir
sekilde gozlemlenmesi gerekmektedir. Genel olarak
mikroalgal iiretimlerde hiicre biiytimesi 5 evreden
olusmaktadir (Sekil 1).

Hiicre sayisi

1-Adaptasyon evresi 5
2-Logaritmik evre

3-Yavag biiylime evresi

4-Durgun evre

5-Oliim evresi

Kiltdir stiresi

Sekil 1. Mikroalg kiiltiirlerinde hiicrelerin biiyiime profili
Figure 1. Growth profile of cells in microalgae cultures

[k asama hiicrelerin ortama ve kosullara uyum
sagladig1 “adaptasyon” evresidir. Bu asamada hiicre
sayisinda artis yoktur. Aksine adapte olamayan
hiicreler elimine olabilir. Optimum kosullar mevcut
oldugunda 2-3 giin adaptasyon i¢in yeterli siire olarak
distiniilmektedir. Ardindan ikinci evre hiicre
sayisinda yiiksek artigin goriildiigli “logaritmik”
evredir. Kosullara adapte olan hiicreler yiiksek
biiyiime hiz1 gostererek yogun hiicre

konsantrasyonuna  ulasilmaktadir. Bu asama
mikroalg tiirline bagh olarak farkli siirelerde
goriilebilmektedir. Takip eden slirecte hiicre

biiyiimesinin yavasladigi ancak devam ettigi ligiincii
evre gelmektedir. Hiicre konsantrasyonundaki artis
halen siirmektedir, ancak Onceki asamada oldugu
kadar yiiksek degildir. Ortamda maksimum hiicre
miktarina ulagildigi  ve optimum kosullardan
uzaklasilmaya baslandiginda hiicreler “durgun”
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evreye girmektedir. Bu evrede ortamdaki besin
konsantrasyonu azalmis, hiicreler arasi rekabet
artmig, yogun mikroalg icerigi 1sik iletimini
engellemis ve metabolik faaliyetler azalmistir. Hiicre
Olimlerinin  yaninda c¢ogalmalar da devam
etmektedir. Ayrica, toplam hiicre sayisinda degisiklik
olmaz ise hiicreler daha ¢ok seckonder metabolit
iretimi yoniine ilerlemektedirler. Son asama ise
“O0lim” evresidir. Hiicrelerin hizla oldigi ve
bliylimenin neredeyse hi¢ olmadigi bu asamaya
gelindiginde {iiretim sonlandirilmaktadir. Pek ¢ok
biyolojik proseste oldugu gibi mikroalgal biyokiitle
iretiminde de genel olarak goriilen hiicre biiylime
profili bu sekildedir (Price ve Farag 2013; Lee vd.
2015).

Hiicre biiylimesi, iiriin {iretimi ve bunlar {izerine
etki eden parametreler farkli modellerle ifade
edilmektedir.

Substrata Bagh Modelleme

Her organizmada oldugu gibi mikroalglerde de
biliylime profilini etkileyen temel etmenlerden biri
substrat konsantrasyonudur. Farkli mikroalg tiirleri
icin optimize edilen besin ortamlarinda azot ve fosfat
temel bilesenler olmak {izere bunlara ek olarak ¢esitli
iz elementler bulunmaktadir. Ayrica hiicrelerin
gelisiminde en onemli faktdr karbon kaynagidir.
Substrata bagli olarak gelistirilen modellerden en
yaygin1t Monod denkligidir.

Hmax-Cs

KetCs @)
u, spesifik biiyiime hiz1 (giin?, sa?); Cs, substrat
konsantrasyonu (mg/L); umax, maksimum spesifik
biiyiime hiz1 (giin?, sal); Ks, Monod doygunluk sabiti
(mg/L).

Bu model, kiltir ortamindaki  besin
bilesenlerinin tek basina biiyiime {izerine etkilerini
incelemekte olup, besin konsantrasyonunun diisiik
oldugu kosullar i¢in kullanilmaktadir. Basit yapisi ve
diisilk besin konsantrasyonlarinda dogru sonuglar
vermesi nedeniyle kullanimi yayginlagmistir. Ancak
yiliksek substrat konsantrasyonlarinda gergeklesen
inhibisyonun etkisini bu modelle gérmek miimkiin
degildir. Bu sorunu 6nlemek i¢cin Monod esitliginin
modifiye  edilmesiyle  olusturulan = modeller
kullanilmaktadir. Bu amagla belirlenen modellerden
biri Haldane tarafindan olusturulmustur (Zhang vd.
1999; Lee vd. 2015; Sachdeva vd. 2016).

=

Hmax - Cs
K+ Cs+ K_L

p_:

Ki, inhibisyon sabiti.
Esitlik (1) ve (2) disinda substrat varligi,

yoklugu, besin kithgt ya da inhibisyon
kosullarm1 g6z Oniinde  bulunduran ¢esitli
modeller  ortaya  konmustur.  Ancak  bu

modeller sadece bir substratin bilylime iizerine
etkisini ifade ettiginden, tek basina kullanimlari
giivenilir sonuglar vermemektedir (Zhang vd. 1999;
Mirzaie vd. 2016).

Hiicrelerin  gelisiminde ortamdaki substrat
miktarindan daha ¢ok hiicrelerin bu substrati
kullanabilme potansiyelleri énemlidir. Bu noktada
tek bir hiicre i¢cindeki maksimum besin miktar1 olarak
tanimlanan “hiicre kota”s1 devreye girmektedir.
Monod benzeri modellerden farkli olarak bu
modellerde belirli bir bilesen i¢in hiicrenin kotasi
degerlendirilir ve bdylece ortamdaki besin
eksikliginde hiicre biliylime davraniglarinin ilerleyisi
de incelenebilmektedir. Ancak hiicre icerisindeki
besin miktarinin belirlenmesi ¢ok zor bir yontem
oldugundan bu modellerin daha basitlestirilmis
modifiye halleri gelistirilmistir. Bunlarin basinda
yaygin  olarak kullanllan “Droop  Model”i
gelmektedir (Esitlik 3). 1968 yilinda M. R. Droop
tarafindan ortaya konan bu model, hiicre biiyiime hiz1
ile hiicre ici besin konsantrasyonu arasindaki iliskinin
matematiksel ifadesidir (Droop, 1968). Modelde
biliyiime hiz1 her bir hiicrede depolanan ortalama
besin miktari ile baglantilidir. Mikroalgler i¢in Droop
modeli 6zellikle dogal ortamda besin eksikliginin
yiiksek olmasi dolayisiyla hiicrelerin davraniglarini
incelemek i¢in kullanilmistir. Ayrica gerceklestirilen
iretimlerde azot ve fosfat eksikliginde meydana
gelen degisimlerin ortaya konmasinda bu model ile
gercekei sonucglar elde edilmektedir (Lemesle ve
Mailleret 2008; Packer 2014; Sachdeva vd. 2016).

= Hhngx(1—20) 3)
W'max, varsayimsal maksimum spesifik biiyiime
hizi1 (giin, sa*); Qmin, minimum hiicre i¢i besin kotasi
(9/g karbon); Q anlik hiicre i¢i besin kotasi (g/g
karbon).

Mikroorganizmalarin karmasik yasam
dongiilerini agiklamak icin olusturulan ve yaygin
kullanilan bir diger model “Lojistik” modeldir
(Esitlik 4). Lojistik model biyolojik proseslere
kolaylikla entegre edilebilmesi, substrat
konsantrasyonundan bagimsiz olmast ve ozellikle
fotoototrofik canlilar i¢in kullanildiginda dogru
modeller olusturmasi sebebiyle tercih edilmektedir.
Bu modelde hiicre iiretimini belirleyen temel nokta
ortamin  maksimum  tasiyabilecegi  mikroalg
popiilasyonudur (Yang vd. 2011; Surendhiran vd.
2015).

ax _ X
E - .umX (1 Xm) (4)

dX/dt, mikroalg bityltime hiz1; X, ortamdaki mikroalg
konsantrasyonu (g/L); Xm, ortamin tasiyabilecegi
maksimum mikroalg konsantrasyonu (g/L).
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Isiga Bagh Modelleme

Substrat kaynagi tim canlilar igin primer
yasam gereksinimlerinden biridir. Ancak
kompleks canli metabolizmas1 sadece substrattan
degil canli tiirine goére pek c¢ok bilesenden
etkilenmektedir.  Fotoototrofik  canlilar  i¢in
bu bilesenlerden en o6nemlisi 151k yogunlugudur.
Istk  yogunluguna  gore hiicreler  farkli
davraniglar gostermektedir (Sekil 2) (Bechet vd.
2013; Lee vd. 2015).

miktari olsa da
zorlagtirir.

e Doygunluk noktasindaki 11k yogunlugunda,
hiicrenin ~ fotosentetik  aktivitesi ~maksimuma
ulagsmaktadir.  Bu  noktadan  sonra  artan
151k yogunlugu fotosentez hizim1 arttirmaz.
Hiicreler 1s18a doygun hale gelir ve metabolik
aktiviteler en iyi diizeydedir.

e Yiksek 151k yogunlugunda, fotosentezde
etkili olan proteinlerin deaktivasyonu nedeniyle

yeterli yasam  dongiisiinii

e Disik 151k yogunlugunda;  hiicreler  fotosentez hizinda diisiisgoriilmektedir. Bu noktadan
metabolik faaliyetlerini stirdiirmek icin  sonrais18in inhibeedici etkisi sz konusudur ve bu da
gerekli enerjiyi uretemezler. Hiicrenin ~ “fotoinhibisyon” olarak tanmimlanmaktadir (Bechet
fotosentetik  aktivitesi diisiiktir bu da besin  vd. 2013; Bernard vd. 2015; Lee vd. 2015).

A
Smirlh ; Doygun Tsik
Ik | Isik Inhibisyonu

=

o]
[
=

Fotosentez hiz1 (P)

Isiga bagli mikroalg modellemelerinde yapilmast

II »
X binhio
Isik Yogunlugu (1)
Sekil 2. Isigin fotosentez hizi iizerine etkisi (Bechet vd. 2013).
Figure 2. Effect of light intensity on photosynthesis rate
Bu model Monod esitliginden farkli
igin ortalama 1s1tk  olarak substrat konsantrasyonu yerine 1sik

gereken ilk asama iiretim
yogunlugunun hesaplanmasidir. Bunun ig¢in farkh
yontemler mevcut olmakla birlikte yaygin olarak
Beer-Lambert yasasi kullanilir (Mirzaie vd. 2016).

I; = I+ e &%d ®)

li, yerel 151k yogunlugu (umol foton/m2.s); lo, reaktor
yiizeyindeki 1sik yogunlugu (umol foton/mZs); e,
molar absorpsiyon katsayisi (L/g.cm); X, biyokiitle
konsantrasyonu (g/L); d, 151k yolu uzunlugu (cm).
Ortalama 151k yogunlugu belirlendikten sonra hiicre
biiyiimesinin 1518a bagh degisimini gosteren model
kullanilmaktadir. ~ Yaygin  olarak  rastlanan
modellerden biri Monod-benzeri modeldir (Perez vd.
2008; Bechet vd. 2013; Mirzaie vd. 2016).
Umax-1

=T (6)
I, kiiltiiriin i¢indeki ortalama 151k yogunlugu; K, 151k
doygunluk sabiti

yogunlugunun etkisini incelemekte ve spesifike
olarak 151k yogunlugunun doygunluk noktasindan
diisiik oldugu iiretimlerin modellenmesinde tercih
edilmektedir.

Isik yogunlugunun etkisini gosteren Monod-
benzeri model disinda deneysel olarak ortaya konmusg
cok sayida model mevcuttur. Yaygin olarak
kullanilan diger modeller Esitlik (7), (8) ve (9)’da
verilmistir (Chalker 1980; Yuan vd. 2014; Lee vd.
2015).

I
u= rumaxtanhK_ (7)
1
!k
K= Umax(1—e 1) (8)
I
= Hmax G 7 ©)

m; sekil faktorii
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Laboratuvar ortaminda gergeklestirilen, yogun
mikroalg kiiltiiri icermeyen iiretimlerde 15181
etkisinin goriilmesi icin Monod benzeri ya da
hiperbolik tanjant modeli kullanilabilmektedir.
Ancak ¢ogu mikroalgal biyoproses igin diisiik hiicre
konsantrasyonu  yeterli olmamaktadir.  Hiicre
konsantrasyonu  arttikga  1518imn  penetrasyonu,
homojen dagilimi gibi 6zellikleri de degismektedir
(Grima vd. 1994; Lee vd. 2015; Huesemann vd.
2016). Bu tip kiiltiirlerde 151k etkisini incelemek i¢in
yaygin olarak kullanilan model;

n

Iav (10)

IR+13,

U= Umax

l; Mikroalgin 1518a karsi afinitesi (uE/m?s),
lv; Kiiltiirdeki ortalama 151k yogunlugu (uE/m?.s),
n; Ussel katsay1

Modelde ifade edilen ortalama 151k yogunlugu
her iiretim i¢in degismekte olup 151k yolunun
uzunlugu, hiicre konsantrasyonu ve ytizeydeki 1s1k
yogunlugu dikkate alinarak Esitlik (11)’e gore
hesaplanmaktadir (Grima vd. 1994; Lee vd. 2015;
Huesemann vd. 2016).

I
l,, =
av = k,px

[1 — e KaPX] (11)
Ka, soniimleme sabiti (kg/m®); p, fotobiyoreaktdr
icindeki 151tk yolu wuzunlugu (m); X, hiicre
konsantrasyonu (kg/m?)

Onceki modellerin  tamaminda  hiicrelerin
ortalama 151k yogunlugunda iiretildigi ve fotosentetik
aktivitelerinin ~ istenen = oranda  gergeklestigi
durumlarin nicel ifadesi iizerinde durulmustur.
Ancak kontrol altina alinamayan Ozellikle disg
ortam kosullarinda gerceklestirilen iiretimlerde 151k
miktar1 istenen diizeyden cok yiiksek olabilir. Bu
istenmeyen durumlarda 1sik inhibisyonu sonucu
fotosentez hizi diismektedir. Bu iiretimlerin hem
sinirli hem de yiiksek 151k kosullarin1 degerlendirmek
icin kombine model gelistirilmesi avantajli bir
durumdur. Hem diisiik 15181in sinirlandiricr etkisini
hem de yiiksek 15181n inhibe edici etkisini birlikte
gosteren karmasik modeller bulunmaktadir (Steele
1962; Lee vd. 2015). Bunlarin i¢inde en yaygin
kullanilan1 Steele (1962) tarafindan ortaya konan
asagidaki modeldir;

I
1 (A7)
U= Umax @ e Tovt (12)

ifadesi

Bu esitlikte diisiik 151k
opt
konsantrasyonlarinda
aktivitenin ve biiylimenin
I

1__
ederken, e( Topt’ degeri yiiksek 1s1k siddetinde
azalan fotosentetik aktiviteyi gostermektedir.

fotosentetik
ifade

hiicrelerdeki
sinirlanmasini

Sicakhiga Bagh Modelleme

Her biyolojik proseste oldugu gibi mikroalgal
biyokiitle iretiminde de sicaklik optimizasyonu
onemli parametrelerden biridir. Hiicredeki metabolik
faaliyetlerden sorumlu enzimler ve proteinlerin
aktivitesi agisindan optimum sicaklik kosullar
saglanmalidir. Sicakligin hiicre biiylimesine etkisinin
incelendigi en basit modellerden biri Arrhenius
benzeri sicaklik esitligidir (Perez vd. 2008).

— _Ea) _ _Ep
,u—Aexp( RT) Bexp( RT)

A ve B; frekans faktorii (sa), R; gaz sabiti (kcal/mol),
T; iretim sicakligi (K), Ea; hiicre biiylimesi igin
gerekli aktivasyon enerjisi, Ep; hiicresel degredasyon
i¢in gerekli aktivasyon enerjisi.

Sadece sicakligin hiicre biiyiimesi ve fotosentetik
aktivite lizerine etkisinin incelenmesiyle bir model
olusturulsa da diger faktorlerin de g6z Oniinde
bulundurulmasi daha dogru sonug¢ vermektedir. Isik
ve sicakligin biliylime ve fotosenteze birlikte
etkilerinin  incelenmesi amaciyla Monod ve
Arrhenius esitlikleri birlikte kullanilarak Esitlik (14)

(13)

gelistirilmistir  (Goldman ve Carpenter 1974;
Carcano 2010; Bechet vd. 2013).
Ea Iav
1= fmax €Xp (— ﬁ) S (14)

K, 151k sabiti (umol/m?s); k, Boltzmann sabiti (J/kg)

Arrhenius benzeri modelin farkli mikroalg tiirleri
ve Uretimler igin gelistirilmis ¢ok sayida modeli
mevcuttur. Ancak bu modeller yalnizca metabolik
aktiviteler icin optimum sicaklik degerlerinin
korundugu prosesler i¢in uygulanmaktadir. Ortam
sicakligt  yiikseldikce  enzimlerin  yapisinda
denatiirasyon meydana gelmekte ve inaktif hale
gegmektedirler. Bu sorunu oOnlemek igin enzim
degredasyonunu da igeren benzer modeller
gelistirilmektedir (Esitlik 15) (Bechet vd. 2013).
exp(—2%)

u) = pmo () (15)

1+Kexp(—%)
Bu modelde Esitlik (14)’den farkli olarak yiiksek
sicaklikta meydana gelen enzim denatlirasyonunu
ifade eden aktivasyon enerjisi “Ea”’ bulunmaktadir.
Mikroalgin biiyiimesinde etkili olan faktorlerin
bireysel olarak biliyime ve iriin olusumu
iizerine etkisinin incelenmesi kullamigh  bir
yontemdir, ancak bu faktorlerin birbirleriyle
etkilesimleri de fiireme kinetiginde Onemlidir.
Ozellikle  acik  sistemlerde  gergeklestirilen
iretimlerde prosesin kontroli zor oldugundan
degisen parametrelerin {iretim tizerindeki etkisi daha
biiyiiktiir. Bu yilizden birka¢ faktoriin etkisinin
birlikte gosterildigi ¢oklu kombine modeller
gelistirilmistir. Bu modellerde azot, fosfat, CO>, 151k
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yogunlugu ve sicaklik parametrelerinden birkaginin
etkisi birlikte incelenerek daha karmasik modeller

olusturulmustur. Bu modellerden bazilar1 Tablo 1°de
gosterilmektedir.

Tablo 1. Mikroalgal hiicre biiylimesinde ¢oklu faktor etkisini gosteren modeller
Table 1. Models showing effects of multi level factors on the microalgal cell growth.

Mikroalgal biiyiime modelleri Parametreler 15525521 Referans
o Qumin,n Quminp Klausmeier vd.
U= My min(1 — 0r ,1— 0, ) Azot, Fosfat (16) 2004
1-— Qmin,N 1-— Qmin,P
, Q Q Bougaran vd.
B = Baxmin( ) r_ 0 — Azot, Fosfat (17) 2010
_ XxminN _ XminP
1 1
Qmax,N Qmax,P
_ ] Sp Sco, Karbondioksit, Spijkerman vd.
K= HMmaxmin (Ks'p+Sp ! Ks,co,+Sco, Fosfat (18) 2011
Qumin\* - (Qpmin)"
ﬂzﬂhmm41—<zmﬂ,1—(’mm>lﬂu@ Azot, Fosfat, Isik (19) Lee vd. 2015
N Qp
I S S
- T-Tref P N Azot, Fosfat, .
= Hmae @ G D e s, U + 50 Sicaklik, Tsik (20)  Haariovd. 2009
_ 1. 067-20 ) (s Scoz Pegallapati ve
B = Bmax- = (K}n + IZ‘,,)( 5%02 COg, 151k, sicaklik (21) Nirmalakhanda
Ks.coz + Scoz + K coz 2012
S Scoz
n=p ( )f @
" Sy + Kya\Scoz + Kcoz Jalalizadeh
COy, 151k, azot (22) 2012
F) = ™ exp(1 - 1)
IS KS,l

1'maxmin: Sinirlayici besin igin sonsuz hiicre kotasinda varsayimsal maksimum biiyiime hiz (giin™, sa*), Qmin: Hiicre
canlilig1 igin gerekli minimum besin kotas1 (g/g karbon), Q: Hiicrenin besin kotasi (g/g karbon), Omax: Hiicre canliligt
icin gerekli maksimum besin kotasi (g/g karbon), N: nitrogen, P: phosphorus, S: Besin konsantrasyonu (mg/L), Ks:
Monod yar1 doygunluk sabiti (mg/L), f(lay): Ortalama 151k yogunlugu fonksiyonu, T: sicaklik (°C), Trer: Referans
sicakligi (20 °C), K;: Isik doygunluk sabiti (umol/m?s), Kna: Sabit, Kcoz: CO2 Doygunluk sabiti.

Mikroalgal Uriin  Uretiminin  Kinetik
Modellenmesi

Acik ve kapali olmak iizere gesitli sistemlerde
yetistirilen mikroalglerde hedef iriin endiistriyel
alana gore degisiklik gostermektedir. Yag igeriginin
arttirilarak biyoyakit olarak kullanimi, primer ve
sekonder metabolit {iretimi ile katma degeri yiiksek
iiriinlerin eldesi, biyokiitle miktarinin artirmmi ile yem
endiistrisinde kullanim gibi ¢aligmalar yaygin olarak
karsilasilan proses ciktilarindandir. Istenen amag
dogrultusunda mikroalgal biyokiitleyi arttirmak
kadar iiriin iiretimini de optimize etmek 6nemlidir.
Bu nedenle hiicre biiylimesinin yam sira iiretimin
modellemesi de diger prosesler ve mikroalgler igin
yol gosterici olmaktadir. Mikrobiyal prosesler igin
iiriin iiretiminin ifadesi i¢in yaygin olarak kullanilan
model “Luedeking-Piret” modelidir. Bu modelde
iiriin olusumu biyokiitle konsantrasyonu ve spesifik

biiyiime hiz1 ile dogru orantilidir.

dp

dx
=a— X
dt dt+’[))

(23)

dp . . d . -
d—p , iirlin olusum hizi; d—x, mikroalg biiylime hizi; a,
t t

irin olusum Kkatsayisi; S, hiicre biiyiimesinden

bagimsiz {iriin olusum katsayisi

Bu model hem kolay kullanimi hem de iiriin
cesidine gore entegre edilebilirligi agisindan yaygin
kullanilmaktadir.

Mikroorganizmalarda {iretilen firiinler hiicre
biliylimesiyle iligkili olmasi agisindan 3 gruba
ayrilmaktadirlar. Ik grupta, iiriin iiretimi hiicre
biiylimesiyle dogrudan iliskilidir. Bu gruptaki {iriinler
genel olarak hiicre biiylimesi i¢in hayati 6nem tasiyan
primer metabolitler olarak adlandirilmaktadir. Ikinci
grupta ise hiicre biliyliimesiyle kismen iligkili olan
diriinler bulunmaktadir. Hiicrede biiylime goriilmese
de iiriin iretilmeye devam eder, ancak maksimum
iiriin miktar1 ve {irlin kalitesi hiicre iiremesinin en
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yiiksek oldugu donemde goriilmektedir. Son grupta
ise hiicre biliylimesinden tamamen bagimsiz olarak
iretilen {riinler goriilmektedir. Genel olarak
hiicrenin strese girdigi kosullarda bir nevi savunma
mekanizmast olusturmak i¢in irettigi drilinleri
kapsayan bu grupta sekonder metabolitler mevcuttur.
Luedeking-Piret modeli sahip oldugu katsayilar
sayesinde bu 3 gruptan her biri i¢in uyarlanabilir
(Yang vd. 2011; Ronda vd. 2012; Vinayagam vd.
2014; Surendhiran vd. 2015).

e a=0 ve p#0 > Urin olusumu hiicre
biiyiimesinden bagimsizdir;

o a#0 ve p#£0 -> Uriin olusumu hiicre
biiylimesiyle kismen iligkilidir;

e o0 ve f=0 -> Uriin olusumu dogrudan
hiicre bitylimesiyle baglantilidir.

Tartisma ve Sonug¢

Mikroalg hiicrelerinin biiylime kinetigi ve iiriin
iiretimi, substrat konsantrasyonu, 1sik yogunlugu,
sicaklik, gaz konsantrasyonu gibi ¢esitli faktorlerden
etkilenen karmasik bir prosestir. Literatiirde bu
faktorlerin etkisinin incelenmesi amaciyla ¢ok sayida
kinetik modele rastlamak miimkiindiir. Gelistirilen
modellerden sadece bir faktoriin etkisinin incelendigi
esitlikler uygulama agisindan kolaydir ancak ortaya
cikan sonuglar degerlendirildiginde daha dogru
ciktilar icin modifikasyon gereksinimi dogmaktadir.
Bu nedenle, ¢oklu faktdrlerin etkisinin incelendigi
daha karmasik ancak daha tutarli sonuglar veren
modeller gelistirilmistir. Gelecek caligmalar igin
daha etkili modellerin ortaya konmasi mikroalg
iretimlerinin daha verimli olmasin1 ve olasi
sorunlarin ~ Onlenmesini  saglayacaktir.  Ayrica
mikroalg tiirleri dogada monokiiltiir halinde degil
diger organizmalar ile birlikte yasamaktadir. Bu
yiizden, mikroalg davramiglarinin  daha dogru
incelenmesi adina habitattaki diger tiirlerin de
etkisinin  degerlendirildigi  modeller {izerine
caligmalara yogunlagilmalidir.
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ERRATUM
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Effects of Temperature Changes on the Spatial Distribution and Ecology of Ostracod

(Crustacea) Species
Derya AKDEMIR, Okan KULKOYLUOGLU

In this article, three expressions used in three places (pages 5, 6, 7) need to be corrected. These
statements are inadvertently misspelled and do not correspond to the original sources. Wrong

sentence and sentence corrected statements are shown below.

Wrong sentence (page 5): “H. chevreuxi known as a pure freshwater species showed the
lowest tolerance for water temperature (tk= 1.29) and conductivity (tk = 75.85).”

Sentence corrected: “H. chevreuxi showed the lowest tolerance for water temperature (tk=
1.29) and conductivity (tk = 75.85).”

Wrong sentence (page 6): “In contrast, stenoecious species (e.g., H. chevreuxi) with a narrow
tolerance levels to some of those environmental variables are of limited distributional ranges.”
Sentence corrected: “In contrast, stenoecious species with a narrow tolerance levels to some

of those environmental variables are of limited distributional ranges.”

Wrong sentence (page 7): “According to Meisch (2000), the species can be considered as pure
freshwater species and its co-occurrence with one or more halophilic ostracods (e.g.,
Heterocypris salina) indicates an increase in salinity levels of that water body.”

Sentence corrected: “According to Meisch (2000), the species can also be found in pure
freshwater habitats and thus its co-occurrence with one or more halophilic ostracods (e.g.,

Heterocypris salina) indicates an increase in salinity levels of that water body.”



