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ABSTRACT
Indiscriminate uses of antibiotics have resulted in the development of antibiotic-resistance among 
pathogens which possess a potential risk to the ecosystem, aquaculture and human health. In this 
study, biogenic zinc oxide nanoparticles (ZnO-NPs) were synthesized using aqueous extract of 
Aloe vera gel (AVGE) and tested against putative pathogenic bacterial strains in-vitro. Ultravio-
let-Visible (UV-VIS) spectroscopic analysis confirmed the synthesis of AVGE-ZnO-NPs while X-ray 
diffraction (XRD) and Scanning Electron microscope (SEM) analysis revealed that the average size 
of synthesized ZnO-NPs is within the nano range. The elemental and chemical compositions of 
synthesized ZnO-NPs were studied using Energy-dispersive X-ray spectroscopy (EDX) and Fouri-
er-transform infrared (FTIR) spectrometer, respectively. Two widespread bacterial strains, Aero-
monas veronii strain ONKP1 (MN602971) and Stenotrophomonas maltophilia strain ONKP2 
(MN602972) that are known as emerging opportunistic pathogens in various marine and freshwater 
fishes as well as humans and other animals, were used as test organisms. AVGE-ZnO-NPs showed 
strong antibacterial activity, against the tested Gram-negative multi-drug resistant bacteria in the 
disc diffusion assay. The results of the present investigation could be useful for the development of 
new disease management strategies in the fisheries industry. 

Keywords: Green nanoparticles, ZnO-NPs, Antibacterial, Aloe vera, Fish diseases

INTRODUCTION 

The aquaculture industry highly depends on 
antibiotics such as erythromycin, tetracycline 
and streptomycin, to control bacterial infec-
tions in the farm. However unregulated and ex-
cessive use of antibiotics leads to the emer-
gence of antibiotic resistance in fish pathogen-
ic bacteria. Multi-drug resistant bacteria have 
been isolated from fish, sediment, and water of 
farms (Austin & Austin, 2016; Shaalan et al., 
2016). Since genetic elements can be shared 
between aquatic and terrestrial bacteria, hu-
man and animal pathogens can acquire such 
antibiotic-resistance genes from fish patho-
gens, arising public health issues (Swain et al., 
2014; Luis et al., 2019). Thus, there is an urgent 

need to establish some novel strategies to 
combat antibiotic-resistance development and 
disease outbreaks in aquaculture without af-
fecting the aquatic ecosystem. Recently, inor-
ganic metal nanoparticles of silver, gold, titani-
um and zinc have generated widespread inter-
est among aquaculture scientists as a potential 
alternative to antibiotics (Swain et al., 2014; 
Shaalan et al., 2016). They are considered as 
next-generation nanomedicine due to their 
unique pharmaceutical characteristics and nov-
el pharmacological functions (De Villiers et al., 
2008; Bharti & Singh, 2009; Das et al., 2013).

Interestingly, Zinc oxide nanoparticles (ZnO-
NPs) are emerging as a most promising metal 
based nanodrugs due to their biocompatibility, 

https://orcid.org/0000-0001-9366-2422
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selectivity, and high potency (Bisht & Rayamajhi, 2016; Elshama 
et al., 2018; Jin & Jin, 2019). It is used in the area of drug delivery 
carrier, wound dressings, biosensors, bioimaging, medical devic-
es, therapeutics, and diagnostics in medicine (Xiong, 2013; Zhu 
et al., 2016; Martínez-Carmona et al., 2018; Mirzaei & Darroudi, 
2017). ZnO-NPs are also valued as a source of the trace element 
zinc (Pati & Mondal, 2019) which is required for the physiological 
development of animals, including fish (Watanabe et al., 1997). 
There are recent reports on the application of ZnO-NPs in aqua-
culture as an alternative of conventional zinc sources as feed ad-
ditive to promote growth (Faiz et al., 2015; Wang et al., 2017; 
Onuegbu et al., 2018) and immunity (Anjugam et al., 2018; Awad 
et al., 2019). Owing to their nano size and high specific surface 
area, ZnO-NPs have several advantages over conventional ZnO, 
such as higher bioavailability, molecular dispersion, and antibac-
terial properties (Swain et al., 2016; Raje et al., 2018). Currently, 
Ag-NPs are the most widely used inorganic antimicrobial nano-
materials in water disinfection, wastewater treatment (Dimapilis 
et al., 2018; Shah & Mraz, 2020) and fish medicine (Shaalan et al., 
2016; Khosravi-Katuli et al., 2017), but ZnO-NPs have the poten-
tial to be used as multifunctional material in aquaculture in com-
ing years. 

Green nanoparticles are mostly synthesized using plant parts like 
root, flower, leaves, fruit, stem, and seed extracts. Plant products 
are considered as safe, biocompatible, cheap, and environmen-
tally friendly natural sources (Agarwal et al., 2017; Singh et al., 
2018). ZnO-NPs have been successfully synthesized by using ex-
tracts of various plants, such as, Vitex trifolia (Elumalai et al., 
2015), Catharanthus roseus (Gupta et al., 2018), Pongamia pinna-
ta (Sundrarajan et al., 2015), Citrullus colocynthis (Azizi et al., 
2017), Borassus flabellifer (Vimala et al., 2014) and Aloe vera (San-
geetha et al., 2011; Ali et al., 2016). Green ZnO nanoparticles are 
found to be a more potent antimicrobial agent than chemical 
ZnO nanoparticles on various human pathogenic strains like 
Staphylococcus aureus (Gunalan et al., 2012), Escherichia coli 
(Elumalai et al., 2015), Bacillus cereus (Gupta et al., 2018), Klebsi-
ella pneumoniae (Mahendiran et al., 2017), Pseudomonas aeru-
ginosa (Ali et al., 2016) and Bacillus subtilis (Chandran et al., 
2018). However, studies on antibacterial activity of ZnO-NPs as 
well as green NPs on aquatic pathogens are limited. 

Aloe vera (synonym: Aloe barbadensis Miller) is a popular and 
easily available perennial succulent plant of the Liliaceae family. 
It is well known for its therapeutic properties like antimicrobial, 
antioxidant, anti-inflammatory, immunomodulatory, and wound 
healing from ancient times (Sangeetha et al., 2011). A. vera gel 
extract is reported to be rich in phytochemicals like terpenoids, 
phenols, alkaloids, carbohydrates, flavonoids, saponins, and tan-
nins (Parthasarathy et al., 2017; Mahendiran et al., 2017). These 
phytochemicals help in nucleation and stabilization of nanoparti-
cles during synthesis (Sangeetha et al., 2011; Ali et al., 2016). In 
the present study, A. vera gel extract has been used as a capping 
and stabilizing agent for the synthesis of ZnO-NPs. The antibac-
terial activity of synthesized biogenic ZnO-NPs was evaluated 
against two Gram-negative fish pathogenic bacteria, Aeromonas 
veronii strain ONKP1 (MN602971) and Stenotrophomonas malto-
philia strain ONKP2 (MN602972). A. veronii is a world-wide dis-

tributed fish pathogen, causing hemorrhagic septicemia with 
high mortality rate (Sun et al., 2016; Tekedar et al., 2019). S. 
maltophilia is emerging as a pathogen in cultured catfishes in In-
dia (Abraham et al., 2016) and China (Geng et al., 2010). In China, 
it has become the most prevalent disease in cultured channel 
catfish, which spreads rapidly and causes mortality within a few 
days. 

MATERIALS AND METHODS

Synthesis of biogenic zinc oxide nanoparticles 
The biogenic ZnO-NPs were synthesized following the standard 
method of Patel et al., (2017) with slight modifications. Analytical 
grade zinc chloride (ZnCl

2, 99% purity, Himedia, India) salt and 
sodium hydroxide pellets (NaOH, 99% purity, Merck, India) were 
used as precursors. A total of 20 g gel was purified from the Aloe 
vera leaves that were collected from the university garden; boiled 
in double distilled water, and filtered to get the aqueous extract. 
Later, 50 mL aloe gel extract was added to 50 mL ZnCl2 (quantity 
= 6.8167 g) solution with constant stirring by a magnetic stirrer. 
Then the pH was adjusted to 12 by adding 2 M NaOH solution 
and stirred for another 30 minutes. The suspension was centri-
fuged and the supernatant was discarded. Then, the precipitate 
was washed twice with double distilled water and ethanol, re-
spectively. The white product was collected on a watch glass and 
dried in a hot air oven at 80 0C for 4 hours. The dried product was 
then crushed into powder and stored in a vacuum desiccator for 
future use. The possible chemical reactions were given below 
(Nath et al., 2018):

ZnCl2 + 2NaOH → Zn(OH)2 + 2NaCl 

Zn(OH)2  
80°  ZnO 

Elemental analysis and chemical characterization of synthe-
sized zinc oxide nanoparticles
The synthesized ZnO-NPs have been characterized following the 
method of Mahendiran et al., (2017). Optical absorption spec-
trum for ZnO-NPs was recorded in the UV-Vis (Ultraviolet-Visible) 
range using a UV-Vis spectrophotometer (UV-3092, LabIndia An-
alytical Instrument Pvt. Ltd.). The chemical composition of ZnO-
NPs was studied by using the Fourier-transform infrared (FTIR) 
spectrometer (Perkin Elmer L120−000A, spectral range 4000-450 
cm-1, KBr pellets). The elemental composition of ZnO-NPs was 
analyzed using the Energy-dispersive X-ray (EDX) spectroscopy 
(AMETEK EDAX). The morphology of the products was studied 
by using Scanning Electron microscope (SEM) (ZEISS Sigma 300). 
Phase purity and grain size were determined by X-ray diffraction 
(XRD) analysis (Brucker D8 Advance power-XRD, Cu-Kα-λ= 1.54 
Å, range 2θ of 5–80°, scan speed = 0.2 nm, step size = 0.2°). 

Determination of antibacterial activity and antibiotics sus-
ceptibility
Microorganisms
Two Gram-negative bacteria putative pathogenic strain, viz., Aer-
omonas veronii strain ONKP1 (MN602971), and Stenotrophomon-
as maltophilia strain ONKP2 (MN602972) are used in the present 
investigation. They were isolated from the gastrointestinal tract of 
fresh tilapia fish (Oreochromis niloticus) which were collected from 
local wet markets of Kalyani, Nadia, West Bengal. The bacteria 
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were isolated and characterized (biochemical tests and 16S rRNA 
sequencing), as in previous studies (Ghosh et al., 2017). 

Disc diffusion assay
The antibacterial activity of synthesized biogenic ZnO-NPs and 
standard antibiotics was tested against the isolates, following 
the disc diffusion assay (Mahendiran et al., 2017). All discs and 
materials were autoclaved for sterilization before the experi-
ments. Bacterial inocula were prepared by growing a single col-
ony overnight in 5 ml nutrient broth at 30 °C and streaked onto 
Mueller-Hinton agar (Himedia, India) plates. Nanoparticle sus-
pension of different concentrations viz. 5, 10, 20, 30, 40 and 50 
mg/mL were prepared in double distilled water and sonicated 
for the uniform suspension of nanoparticles. Then 10 μL suspen-
sion was pipetted from each stock and impregnated onto re-
spective 6 mm diameter sterile blank antibiogram discs. Then 
the dried discs containing different concentrations (50, 100, 200, 
300, 400 and 500 μg/disc) were placed onto Mueller-Hinton agar. 
Discs of streptomycin (100 μg), tetracycline (30 μg) and ciproflox-
acin (5 μg) were prepared from their powder form (HiMedia, In-
dia) as described above. Commercial discs of erythromycin (15 
μg), ampicillin (10 μg), penicillin-G (10 μg), chloramphenicol (30 
μg) and amoxicillin (30 μg) (Himedia, India) were also used. After 
incubation at 37 °C for 24 h, the diameter of the inhibition zones 
around discs were measured with a ruler. The disc diffusion assay 
was performed in triplicate for nanoparticle and antibiotics. The 
results were expressed as means ± standard errors.

RESULTS AND DISCUSSIONS

Elemental analysis and chemical characterization findings of 
zinc oxide nanoparticles
UV-Vis analysis
The sample exhibits strong UV-absorption spectra with maxi-
mum absorption at 340 nm (Fig. 1). Similar observations have 
been reported on the green synthesis of stable ZnO-NPs (Var-
ghese & George, 2015; Qian et al., 2015). The optical absorbance 
spectra of noble metal nanoparticles are known to shift to longer 
wavelengths (red shift) with increasing particle size and to small-
er wavelengths (blue shift) with decreasing particle size, due to 
Surface Plasmon Resonance (SPR). Moreover, only a single SPR 
band is found in the absorption spectra of spherical nanoparti-
cles, whereas anisotropic and non-spherical shaped particles 
could give rise to two or more SPR bands depending on symme-
try (Sangeetha et al., 2011). Hence, the results of UV absorption 
spectra of synthesized ZnO-NPs indicate its smaller particle size 
and spherical shape which is further validated. 

XRD analysis
The XRD pattern of AVGE-ZnO-NPs (Fig. 2) shows Bragg reflec-
tions at 2θ values of 31.42°(100), 34.01°(002), 36.10°(101), 
47.26°(102), 56.22°(110), 62.50°(103), 66.18°(200), 67.38°(112), 
68.77°(201), 72.26°(004) and 76.84°(202) that are in good agree-
ment with JCPDS CARD NO: 36-1451. The plane values of XRD 
patterns confirm the hexagonal wurtzite structure of ZnO-NPs 
(Sangeetha et al., 2011; Ali et al., 2016). The sample also shows 
diffraction peaks of the orthorhombic form of Zn(OH)2 (JCPDS 
CARD NO: 38-0385), which probably arose from surface hydrox-
ylation of ZnO (Deb et al., 2013). The average particle size (D) of 

synthesized nanoparticles is calculated using the Scherrer’s for-
mula, D = Kλ/(β cos θ), where D is the crystal size, K is a shape fac-
tor (it is a constant; approximately equal to 0.9), λ is the X-ray 
wavelength, θ is the Bragg’s angle in radians and B the full line 
width at half maximum (FWHM) of the main intensity peak in ra-
dians (Mahendiran et al., 2017). The value of D is obtained as 9.72 
nm by taking 101 as the main intensity peak for calculation. 

SEM and EDX analysis
The SEM images (Fig. 3) show the spherical and rod shaped 
AVGE-ZnO-NPs. The nanoparticles are found to be agglomerat-
ed with a particle size ranging from 37.5-63.75 nm. The agglom-
eration could be induced by the densification and microstructur-
al changes resulting in the narrow space between particles and 
also decreased pore size and diameter (Sangeetha et al., 2011). 
The SEM results of AVGE-ZnO-NPs are similar to previous stud-
ies on green ZnO-NPs (Vimala et al., 2014; Qian et al., 2015; 
Chandran et al., 2018).

The EDX analysis confirms the presence of metallic zinc (Zn) 
(79.21%) and oxygen (O) (20.79%) as elements in AVGE-ZnO-NPs 
(Fig. 4). The EDX spectra of AVGE-ZnO-NPs exhibit three charac-
teristic emission peaks of metallic Zn and one small emission 
peak from O element (Ali et al., 2016). Besides Zn and O, EDX 
spectra shows a weak signal of Cl element which is probably from 
precursor ZnCl2 or compounds present in aloe extract. 

Figure 1. 	UV-Vis spectra of AVGE-ZnO-NPs.

Figure 2. 	XRD Pattern of AVGE-ZnO-NPs.
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FTIR analysis
The infra-red (IR) spectrum of AVGE-ZnO-NPs shows characteris-
tic absorption bands at 470.83 cm-1 and 535.57 cm-1 owing to the 
presence of two transverse optical stretching modes of Zn-O 
(Elumalai et al., 2015; Patel et al., 2017) (Fig. 5). The peak in the 
region between 600 and 400 cm−1 is allotted to Zn-O bond vibra-
tional frequencies (Sangeetha et al., 2011). The absorption band 
observed at 626.99 cm-1 and 708.76 cm-1 indicates the deforma-
tion of Zn-O bond (Chandran et al., 2018) and C-N stretching of 
amine group, respectively (Gupta et al., 2018). The peaks at 
897.17 cm-1, 1620.40 cm-1 and 3460 cm−1 are due to C–H bond of 
alkene group, amide I of proteins/enzymes and stretching vibra-
tion of O–H groups in adsorbed moisture, alcohol and phenolic 
compounds (Mahendiran et al., 2017). 1037.14 cm-1 and 2927.15 
cm-1 are assigned to stretching vibrations of C–H and C–O (Zhou 
et al., 2017). The peaks in the region of 2900-3700 cm-1 also corre-
spond to amide linkages between amino acid residues of the 
proteins (Sangeetha et al., 2011). The intense band at 1476.92 cm-1 
can be attributed to alcohols and phenolic groups, C–N groups 
of aliphatic and aromatic amines and –C–O–C– or –C–O– bonds 
of alkaloids and flavones (Patel et al., 2017). Thus, the results of 

FTIR spectrum suggest the role of biological molecules (alkaloid, 
flavonoid, phenolic compounds, proteins etc.) present in the 
plant extract as a capping and stabilizing agent for the synthesis 
of ZnO-NPs. 

Antibacterial activity and Antibiotics susceptibility findings
In the in-vitro disc diffusion assay, the presence of clear inhibition 
zones around the discs indicates the bactericidal activity of 
AVGE-ZnO-NPs as well as antibiotics (Fig. 6). The antibacterial 
effect of AVGE-ZnO-NPs and other antibiotics were quantitative-
ly assessed based on the diameter of the inhibition zones which 
was shown in Table 1. A graphical representation of the zone of 
inhibition of bacterial pathogens against different antimicrobials 
was illustrated in Fig 7a. Whereas, In Fig 7b, a graphical repre-
sentation comparing the zone of inhibition between the highest 
dose of nanoparticles and the antibiotics to which the bacteria 
showed susceptibility, was given. The results indicate that the 
AVGE-ZnO-NPs have good inhibitory activity at all concentra-
tions (50-500 μg/disc) against all the bacterial strains, in compar-
ison to standard commercially available chemotherapeutic 
agents. In the present study, the inhibitory effect of AVGE-ZnO-
NPs increased steadily with the increasing concentration. AVGE-
ZnO-NPs showed a maximum zone of inhibition (15.67±1.20 mm) 
at the highest concentration of 500 µg/disc or 50 mg/ml. As the 
concentration increases, the diffusion rate of ZnO-NPs increase 
in the agar medium, causing increased antibacterial activity at 
higher concentrations (Gunalan et al., 2012). 

Both A. veronii and S. maltophilia, are known to cause serious ep-
idemic disease outbreaks in fish farms, with dominant clinical signs 
of skin ulcers (Nawaz et al., 2006; Austin & Austin, 2012) and ascites 
(Geng et al., 2010), respectively. Several studies have isolated S. 
maltophilia from diseased fishes, for example, yellowtail (Furushita 
et al., 2005), giant gourami (Musa et al., 2008), channel catfish 
(Geng et al., 2010) and African catfish (Abraham et al., 2016). A. ve-
ronii is reported to be associated with infections in a number of 
economically important fish, including cichlid oscar (Sreedharan et 
al., 2011), gibel carp (Sun et al., 2016), tilapia (Hassan et al., 2017) 
and channel catfish (Hoai et al., 2019). They are also known as op-
portunistic pathogens in human and other animals (Gopalakrish-

Figure 3. 	SEM of AVGE-ZnO-NPs (37.3-63.75 nm).

Figure 4. 	EDX spectrum of AVGE-ZnO-NPs.

Figure 5. 	FTIR spectra of AVGE-ZnO-NPs.
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nan et al., 1999; Nawaz et al., 2006; Janda & Abbott, 2010; Geng et 
al., 2010). Studies have found that a variety of commercially avail-
able antimicrobial agents like, β-lactams, quinolones, aminoglyco-
sides and tetracycline are resisted by A. veronii (Sun et al., 2016; 
Nawaz et al., 2006) and S. maltophilia (Looney et al., 2009; Geng et 
al., 2010) which makes them very difficult to control. In the current 
study, A. veronii and S. maltophilia were also found to be resistant 
against erythromycin, ampicillin and penicillin-G, whereas suscep-
tible to tetracycline, ciprofloxacin, streptomycin, chloramphenicol 
and amoxicillin. Moreover, Oreochromis spp. has been reported 
to carry antibiotic-resistant pathogenic bacteria such as, Salmo-
nella (Budiati et al., 2013), Aeromonas hydrophila (Marathe et al., 
2016), Klebsiella pneumoniae (Marathe et al., 2016; Thongkao & 
Sudjaroen, 2019) and Staphylococci (Thongkao & Sudjaroen, 2019) 
in their internal organs and is considered as a reservoir of zoonotic 
diseases. The results of our study also suggest that the marketed 
Nile tilapias (O. niloticus) can carry antibiotic-resistant human 
pathogenic bacteria like A. veronii and S. maltophilia, which is a 
concern of microbiological safety. 

Previously, Swain et al., (2014) has studied various metal nanopar-
ticles including Zn, ZnO, CuO, Ag, Al2O3, Ag–TiO2 and Fe2O3 
(both commercial and laboratory synthesized) as potential anti-
microbial agents against bacterial isolates such as A. hydrophila, 
Edwardsiella tarda, Pseudomonas aeruginosa, Flavobacterium 
branchiophilum, Vibrio sp., Staphylococcus aureus, Bacillus cere-
us and Citrobacter sp. which were isolated from various diseased 

freshwater fish. Chemical ZnO-NPs (105-122 nm), chemical CuO-
NPs and green Ag-NPs show better inhibition against all bacte-
ria, than others. However, the authors did not include any antibi-
otics in the study. Shaalan et al., (2017) also used commercial 
ZnO-NPs (≈66 nm) and oxytetracycline against six pathogens 
from infected fish samples. The ZnO-NPs exhibited antibacterial 
activity against A. hydrophila (common bream), A. salmonicida 
subsp. Salmonicida (rainbow trout) and Yersinia ruckeri (rainbow 
trout), but fail to inhibit growth of E. ictaluri (channel catfish), E. 
tarda (discus) and Francisella noatunensis subsp. orientalis (Ma-
lawi cichlid). In our study, laboratory synthesized green ZnO-NP 
as well as eight standard antibiotics were tested against the 
pathogenic strain for direct comparison. Interestingly, AVGE-
ZnO-NPs (37.5-63.75 nm) were found to be equally effective, 
even at lower doses, towards multiple antibiotic-resistant, A. ve-
ronii and S. maltophilia, in the study. There are differences in the 
results of antibacterial activity of nanoparticles including ZnO, 
based on size, dose and species (Swain et al., 2014). This is the 
first in-vitro study to demonstrate the inhibitory effects of green 

Figure 6. 	Antimicrobial activity of Standard antibiotics (a,b) 
and AVGE-ZnO-NPs (c,d) against A. veronii ONKP1 
(a,c) and S. maltophilia ONKP2 (b,d). In c and d, 
nanoparticle concentration was written as per stock 
value (5-50 mg/ml) which would be 50-500 µg/disc. 
(E = Erythromycin; C = Chloramphenicol; AMP= 
Amoxicillin; AMP = Ampicillin; P = Penicillin-G; T= 
Tetracycline; CIP = Ciprofloxacin; S = Streptomycin).

Table 1.	 Antimicrobial activity of green synthesized 
ZnO nanoparticles (AVGE-ZnO-NPs) and 
standard antibiotics against putative fish 
pathogenic bacterial strains

Samples (µg/
disk)

Bacterial Strain/Zone of inhibitiona 
(Mean±SE mm)b

Aeromonas 
veronii 
ONKP1

Stenotrophomonas 
maltophilia

ONKP2

AVGE-ZnO-NPs
50 µg 8.33±0.33 7.67±0.33
100 µg 10.33±0.33 8.67±0.67
200 µg 11.33±0.67 12±1
300 µg 12.33±1.33 14.67±0.33
400 µg 13±1 14.67±0.88
500 µg 15.33±0.33 15.67±1.20
Standard Antibiotics
Erythromycin  
(15 µg)

- -

Chlorampheni-
col  (30 µg)

21.67±0.88 21.33±0.67

Amoxicillin  
(30 µg)

12.67±0.33 12±0.58

Ampicillin 
(10 µg)

- -

Penicillin-G  
(10 µg)

- -

Tetracycline
(30 µg)

14.67±0.88 15.67±0.88

Ciprofloxacin 
(5 µg)

12.67±0.33 11.67±0.33

Streptomycin 
(100 µg)

9.67±0.33 11.33±0.88

SE = standard error, - = No zone; a Diameter Zone of inhibition (mm) including 

disc diameter 6 mm; b Results of triplicate analysis.
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or Aloe functionalized ZnO-NPs against the multi antibiotic-re-
sistant fish pathogen, A. veronii and S. maltophilia, in addition to 
their isolation from fresh live marketed, O. niloticus. However, 
synthesized ZnO-NPs may behave differently in live fish and to 
other pathogenic bacteria. It is a subject of further experimental 
study which can be carried out in the future. 

Nanotechnology is rapidly incorporating into aquaculture by 
providing new nano-enabled products with novel and unique 
functions (Luis et al., 2019). But, nanoparticles could be a source 
of new contamination in the aquatic ecosystem. Studies have 
shown some toxic effects of ZnO-NPs on aquatic species (Con-
nolly et al., 2016; Kaya et al., 2016; Skjolding et al., 2016; Chupani 
et al., 2018). The toxicity potential of ZnO-NPs is reported to de-
pend on the exposure route, contact time, concentration, envi-
ronment and target organism (Swain et al., 2016; Khosravi-Katuli 
et al., 2017; Elshama et al., 2018; Shah & Mraz, 2020). In freshwa-
ter, ZnO-NPs generally tend to dissolve rapidly, increasing the 
risk of acute toxicity for aquatic organisms (Shaalan et al., 2017). 

CONCLUSION

In summary, the results of our study indicates that the green syn-
thesis of ZnO-NPs using Aloe vera gel extract is simple, rapid, 
convenient and cost-effective. A. vera has been also found to be 
equally effective in capping and stabilization of ZnO-NPs. In this 
study, the synthesized biogenic ZnO-NPs showed strong inhibi-
tory activity towards multi-drug resistant fish pathogenic bacte-
ria, A. veronii and S. maltophilia, even at a low dose in the disc 
diffusion assay. Thus the synthesized biogenic ZnO-NPs may be 
utilized as a potential alternative for disease prevention and 
treatment in fish. However, detailed in-vivo studies accessing the 
efficacy as well as associated risks and safety of synthesized bio-
genic ZnO-NPs are needed for application as nano-antibiotics in 
aquaculture. 
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ABSTRACT
Potomida semirugata, which belongs to the Unionidae family, require a host fish to complete their 
life cycle. In this study, the host fish preference of this species was investigated. Besides, mussel 
species and hence the attachment state of larvae on the host fish were also investigated. Five dif-
ferent fish species namely Cyprinus carpio, Oreochromis niloticus, Clarias  gariepinus, Anguilla 
anguilla, and Carasobarbus luteus were used as host candidates. In this study, five glass aquaria 
each containing 140 liters of water without any substrate were used and 3 mussels and 10 fish were 
placed in each aquarium. The aquaria were monitored for 120 days and the glochidia release on 
the fish was determined by examining gill tissue, dorsal and caudal fins by using a stereomicro-
scope. Results indicated that C. carpio and O. niloticus were more preferable in terms of mus-
sel-host fish relationship. The best host fish was determined as C. carpio in terms of gill-fullness 
and juvenile mussel transformation at the ground of the aquarium. These observations provide 
significant insight and information regarding the effective culture of freshwater mussels. 

Keywords: Freshwater bivalve, host fish, P. semirugata, glochidia, Unionidae 

INTRODUCTION 

Freshwater mussels (Unionidae), which are im-
portant components of the aquatic ecosys-
tems, are among the most threatened animal 
groups on the planet (Lopes-Lima et al., 2017; 
2018). The life cycle of unionids is characterized 
by a unique obligatory period of larval parasit-
ism on a fish host (Haag, 2012). The glochidium 
process is defined as a parasitic stage in the life 
cycle of freshwater bivalve (Unionoidae) mol-
luscs (Kat, 1984; O’Connell & Neves, 1999; 
Wachtler et al., 2001; Treasurer & Turnbull, 2000; 
Treasurer et al., 2006). Therefore, the fate of 
glochidia is highly dependent on the presence 
of a suitable host fish (Barnhart et al., 2008). Las-
migona subviridis, which belongs to the family 
of Unionidae, can complete its life cycle with-
out the existance of a host (Lellis & King, 1998). 
Glochidia complete the embryonic develop-
ment process in the parts of the female mussel 

gills called marsupial and then are released 
from the parent and connect to a host fish 
(Schwartz & Dimock, 2001). Potamida live a par-
asitic stage at the skin, gill and fin of host fish 
(Meyers & Millemann, 1977; Haag & Warren, 
2003). Morphologically, glochidia can be rect-
angular, circular and axe head shaped and are 
divided into two as with or without a hook (Graf 
& Cummings, 2006; Şereflişan et al., 2009; Wen 
et al., 2018). The glochidia are encapsulated in 
a cyst, which they form on the epithelial and 
connective tissue of the host fish after attach-
ment. When they connect to a non-suitable 
type of fish species, the cyst they produce is de-
formed and releases the glochidia from the ep-
ithelial and/or connective tissue of the fish with-
in a few days (Kat, 1984; Nezlin et al., 1994; Kirk 
& Layzer, 1997; Wachtler et al., 2001; Rog-
ers-Lowery & Dimock, 2003). The host fish is an 
obligate nutrient source for glochidia (Araujo & 
Ramos, 1998; Araujo et al., 2002). The attach-

https://orcid.org/0000-0002-2510-3714
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ment of glochidia also affects the respiratory performance of the 
host fish (Thomas et al., 2010).  The time spent on the host fish 
varies from a couple of days to a couple of weeks depending on 
the host species. Glochidia undergoing metamorphosis leave 
the host fish and start a new life at the sediment (Fisher & Di-
mock, 2002; Jones & Neves, 2002). As a result of several biologi-
cal and anthropogenic factors, extinction of freshwater mussels 
was predicted (Lyons et al., 2007; Zieritz et al., 2012). Causes, 
such as a long-life time, the long time required to reach sexual 
maturity, sedentary lifestyles and high glochidia mortality rates, 
make the mussels vulnerable and difficult to spread (Gatenby et 
al., 2000). In addition to all these problems, the search for host 
fish suitable for the glochidia of the mussel species also compli-
cates the continuity of the life cycle (O’ Connell & Neves, 1999). 
Due to the drying out of wetlands and mass agricultural activi-
ties, P. semirugata distribution has decreased in most of Turkey’s 
southern rivers and lakes (Seddon et al., 2014).  P. semirugata has 
a spawning activity in June in Gölbaşı Lake or the southern parts 
of Turkey (Şereflişan et al., 2013). Possible host fish populations 
for P. semirugata are in danger of decreasing due to intense fish-
ing activities in Gölbaşı Lake. This situation threatens mussel life 
(Şereflişan, 2014). Since there are decreases in Potomida popula-
tions, P. littoralis has recently been listed as Endangered in the 
IUCN Red List. Therefore, priority protection areas should be cre-
ated for Potomida species (Seddon et al., 2014).

The aim of this study is to determine the suitable host fish species 
for P. semirugata in Gölbaşı Lake in the province of Hatay. We be-
lieve that the results of this study will provide valuable information 
for the determination of the status of this freshwater ecosystem 
and the culture of this potentially threatened mussel species.

MATERIALS AND METHODS 

Mussel collection 
Mussels were collected from Gölbaşı Lake (36° 30′ 16″ N; 36° 29′ 
42″ E) with a surface area of 12,000 acres, which is located in the 
Kırıkhan district of Hatay, Turkey (Fig 1). Twenty taxa belonging to 
9 families, namely Anguillidae, Bagridae, Chiclidae, Cobitidae, 
Cyprinidae, Cyrinodontidae, Mugilidae, and Poecilidae, have 
been identified in Lake Gölbaşı (Şereflişan and Şereflişan, 2001). 
Among these, C. carpio, O. niloticus, C. gariepinus, A. anguilla, 
and C. luteus are the most abundant species in the lake. These 
fish species were preferred in this study, since the relationship of 
them with mussels has previously been investigated in a prelimi-
nary study. Mussels were randomly collected from the shallow 
muddy or sandy areas of the lake with scoops and hand rakes of 
various sizes and by SCUBA diving from the deeper (1-6 m) parts 
of the lake in early March 2014. 

Reproduction monitoring stage
Collected mussels were transferred to a laboratory in water contain-
ers. Before starting the study, mussel samples were kept in an aquari-
um supplied with tap water for two days so that they can adapt to lab-
oratory conditions. The gender of the mussels was determined by 
controling its gill glochidia fullness and only female ones were select-
ed. The length, width, height and live weight of female mussels were 
measured as 6.18 ± 0.37 cm, 4.13 ± 0.23 cm, 2.81 ± 0.20 cm and 35.08 
± 7.10 g, respectively. During this resting period, it was observed that 

the valves of the mussels were opened upto 8 mm, since the adduc-
tor muscles were loosend because of the lack of stress factors. Five 
(glass) aquaria of 140 liters (35cm x 20cm x 20cm) capacity supplied 
with 22 – 26 oC freshwater and continious aeration were prepared 
without any substrates in the bottom. Three mussels (P. semirugata) 
and 10 fish samples were placed in each aquarium [A: (C. carpio - P. 
semirugata), B: (O. niloticus - P. semirugata) C: (A. anguilla - P. semiru-
gata), D: (C. gariepinus - P. semirugata) E: (C. luteus - P. semirugata)]. 
While the fishes were fed with standard pellet feed, the mussels were 
fed with a suspended fito-zooplankton mixture containing (Compylo-
discus clypeus, Pediastrum bonyanum, Keratella cochlearis, Filinia er-
minali, Brachionus angularis, Lepadella ovalis, Keratella cochlearis). 
Glochidia release from the gill and fin of fish was controlled by eye at 
2 days intervals. Water discharged from the aquaria was filtered by a 
120 µm sieve and the waste product was examined under a light mi-
croscope (Olympus CX 41). Detected glochidias were visualized by 
scanning electron microscope (SEM).  The samples were then dehy-
drated in an ethanol series of 60%, 70%, and 80% for 30 min in each. 
The samples were mounted on stubs with conductive double-sided 
carbon tape and coated with gold/palladium in a sputter coater (Po-
laron SC7620, UK) for 90 sec at 9 mA. The samples were examined 
and photographed using a JEOL JSM 5500 scanning electron micro-
scope (SEM) at an accelerating voltage of 5 kV. (Şereflişan et al., 2009). 

Statistical analysis
The t-test, which is used to compare the means of two indepen-
dent groups, was used.

RESULTS 

Reproduction strategy of P. semirugata
Aquarium A (Relationship between C. carpio and P. semirugata)
In the first week of May, mussel shell opening and glochidia re-
lease were frequently observed. When the gills of C. carpio were 
examined, denser glochidia were examined in the gill lamellae. 
Aquarium water has a higher turbidity with a more suspended 
view. There were glochidia detected in the dorsal and caudal fin 

Figure 1.	 Map of the study area (Gölbaşı Lake).
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of the fish. The glochidia released occured twice and 25 days af-
ter the last release, juvenile mussels were detected in the bottom 
of the aquarium. A third release occured in the first week of June 
(with a water temperature of 26 oC) Glochidium detected in the 
fish gill was determined to be on average 140-170 µm in size. At 
the bottom of the aquarium, juvenile mussels were detected in 
the size of 180-200 µm (Table 1). As a result, C.carpio was found 
as a suitable host for P. semirugata (Fig 2. A).

Aquarium B (Relationship between O. niloticus and P. semirugata)
Glochidia release was first observed in the second week of 
April. Even though less dense glochia were observed in the gill 
of O. niloticus than the gill of C. carpio, a denser glochidia pop-
ulation was found in the aquarium bottom. The aquarium water 
was slightly suspended and turbid. Shells of P. semirugata were 
usually closed; they were rarely opened.  Release occured twice 
at intervals (Fig 2.B). The third release was observed in the sec-
ond week of May and juveniles of P. semirugata were observed 

at the aquarium bottom. Glochidium detected in the fish gill 
was determined to be on average 120-160 µm in size. At the 
bottom of the aquarium, juvenile mussels were detected in the 
size of 150-190 µm. (Table 1). These results confirm the prefera-
nce of O.niloticus as host.

Aquarium C (Relationship between A. anguilla and P. semirugata)
Starting from the first week of April, mussels were monitored 
continuoulsy and no changes were observed in the openings of 
shells until the first of May. When the waste obtained from the 
bottom siphon of the aquarium was examined, it was found that 
most of the glochidia packs were in a non-dispersed state. P. 
semirugata did not shape the mantle tissue to attract A. anguilla. 
When the fish’s back and tail fin were examined with a stereomi-
croscope, there were no glochidia detected (Fig 2.C). Even 
though, glochidia was released four times in P. semirugata, A. an-
guilla was found to be an unsuitable host.

Figure 2A. P. semirugata glochidia attached to the gill filaments 
of C. carpio.

Figure 2B. P. semirugata glochidia attached to the gill filaments 
of O. niloticus. Figure 2C. Gill filaments of A. anguilla free from glochidia.

Table 1.	 Length measurements (µm) of glochidium 
detected in the gill and the bottom of the 
aquarium of fish chosen as host by P. 
semirugata (Mean Length±SD)  

Glochidium

C. Carpio O. niloticus

Mean 
Length 

±SD (µm)

min-
max. 
 (µm)

Mean 
Length 

±SD 
(µm)

min-
max. 
(µm)

Glochidium 
size in the 
fish gill

162 ± 
0.45a 140-170

145 
±0.38 b 120-160

Sizes of 
glochidium 
detected in 
the aquarium

190±0.22a 180-200 70±0.31b 150-190

* Mean values with different superscript on the same row are significantly 

different (p <0.05).
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Aquarium D (Relationship between C. gariepinus and P. 
semirugata)
When the bottom of the aquarium was examined in the second 
week of May, glochidia release was observed. However, glochid-
ia were not on the gills and dorsal and caudal fins of C. gariepi-
nus (Fig 2.D). It was observed that the aquarium water was clear 
and the mussel shells were closed. Glochidia release occurred 
three times by the end of May, however, it was understood that 
C. gariepinus was not a suitable host for P. semirugata.

Aquarium E (Relationship between C. luteus and P. semirugata)
Glochidia release was observed twice at the third and fourth 
week of May. Results showed that C. Luteus were not preferred 
as a host by P. semirugata since there were no glochidia ob-
served at the gills as well as on the dorsal and caudal fins (Fig 
2.E). It is worth mentioning that glochidia packets were found 
scattered rather than whole at the aquarium bottom. 

Unlike many other members of Unionidae, no hooks were found 
at the front end of the dorsal and ventral shell of P. semirugata 
larvae (Fig 3.A; 3.B; 3.C; 3.D) and 3-4 rows of protruding struc-
tures were observed in this region (Fig 4.A; 4.B; Fig 5).

Figure 2D. Gill filaments of C. gariepinus free from glochidia.

Figure 2E. Gill filaments of C. luteus free from glochidia.

Figure 3A. The preglochidia in the marsupial region of P. 	
  semirugata gill.

Figure 3B. Preglochidia group in the marsupial region of 	
  the gill of P. semirugata.

Figure 3C.Preglochidia, which were fertilized in the gonad of P. 
semirugata.
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DISCUSSION

Host fish, and the members of various fish families such as Centrar-
chidae, Cyprinidae, Percidae, Ictaluridae, Cottidae and Sciaenidae 
etc. were prefered as a host by various mussel species  (Haag et al., 
1999; O’Dee & Watters, 2000; Haag & Warren, 2003; Şereflişan et 
al., 2009; Haag, 2010; Şereflişan, 2018; Modesto et al., 2018; 
Lopes-Lima et al., 2020); whereas, Unionid mussels prefer fishes 
which belong to the Cyprinidae family (Haag et al., 1999; Haag & 
Warren, 2003; O’Dee & Watters, 2000; Larsson, 2015). There are 
some studies that report Margaritifera margaritifera, Unio crassus 
and Unio terminalis prefer Salmo trutta, Alburnus alburnus and Cy-
prinus carpio as a host for glachidia release, respectively (Poulin, 
2000; Thomas et al., 2010; Şereflişan, 2018). Similarly, P. semirugata 
samples examined in this study preferred the members of Cyprin-
idae and Cichlidae families as host.

The importance of glochidia release to find suitable host fish in 
freshwater mussels has been reported (Riusech & Barnhart, 2000). 
These toothed or toothless hook structures are the most important 
structure of mussel larvae since they help them to connect to the gill 
or fins of host fish. Glochidia with a hook are attached to the skin 
and gills of the host fish while the ones without a hook are usually 
found encapsulated among the gill filaments of the host (Barnhart 
et al., 2008). On the other hand, the ones which do not have hook 
structure are usually encapsulated inside the gills of host fish (Wacht-
ler et al., 2001).  Similarly, in this study, hookless glochidia of P. 
semirugata were only detected at the gills of host fish.

Hookless glochidia have been observed in the Unionoidae in-
cluding Potomida (Graf & Cummings, 2006). Glochidia of P. 

Figure 3D.	 SEM image of preglochidia in the gill of P. 	
	 semirugata.

Figure 4A. Image of P. semirugata juveniles separated from the 
host fish (under a stereo microscope).

Figure 4B. SEM image of P. semirugata juveniles separated 	
from the host fish.

Figure 5.  SEM image of ventral valve of P. semirugata without 
hooks.
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semirugata have a large number of protrusions with 4 to 5 rows 
without hooks inside the anterior part of the dorsal and ventral of 
the two shells (Giusti, 1973; Şereflişan et al., 2009). Approximate-
ly 6 hours after release of hookless glochidials by the mussel to 
the appropriate host, the glochidia are encapsulated by the epi-
thelial tissue of the fish and a cyst is formed (Rogers-Lowery & Di-
mock, 2006). When glochidia produced a cyst on an unsuitable 
host fish, it was rejected by the immune system and the glochid-
ia died (Wachtler et al., 2001; Rogers-Lowery & Dimock, 2003).  In 
this study, 5-9 hours after glochidia release, cyct formation as a 
result of encapsulation of glochidia in the gill tissue was detect-
ed. Previous studies reported that anti-glochidial factors are 
found in the serum of fish infected with glochidia and dead 
glochidials are poured from the fish gills (Meyers et al., 1980; 
Waller & Mitchell, 1989; Kirk & Layzer, 1997; O’Connell & Neves, 
1999). Despite no studies having been conducted on the fish se-
rum, the attachment of P. semirugata glochidia on C. carpio and 
O. niloticus may be due to lack of these anti-glochidia factors in 
these hosts. In this study, Glochidia were found only in C. carpio 
and O. niloticus gills on the 2nd, 4th, 6th, and 8th days after P. semiru-
gata glochidia release. Others were rejected by the host on the 
2nd and 4th day. Especially, in the A. anguilla aquarium, glochidia 
packets were detected undisturbed which indicates that glochid-
ia did not prefer A. anguilla as the host. Some mussels use man-
tle tissue to lure fish in the glochidia release (Barnhart & Roberts, 
1995; Haag & Varren, 2003). In this study, P.semirugata did not al-
ter its mantle tissue; it only kept its shells 3-4 mm open during 
glochidia release. 

Fertilized eggs in female mussels produce larvae called glochid-
ium and are kept in the marsupial pockets of the gills ready to be 
released to the host fish (Lang, 1998; von Proschwitz, 1999; Şere-
flişan, 2009). 

CONCLUSIONS

In this study P. semirugata collected from Gölbaşı Lake in the 
province of Hatay was investigated in terms of host preferences 
using five different fish species. Also, hookless glochidia of 
P.semirugata were examined by SEM to understand their binding 
strategy to the fish gill. Results provided in this study provide sig-
nificant insight and information regarding host selection in fresh-
water mussel production when their presence in the ecological 
chain gets under a threat. With this study, determining the fish 
preferred by P. semirugata as a host, the prey pressure will be re-
duced and the mussel-host fish relationship will be preserved. In 
this study, preferable fish host species were determined but the 
host selection criteria of P. semirugata is still worth exploring (Zi-
uganov & Nezlin, 1988; Bauer & Wachtler, 2001; Geist, 2010; 
Şereflişan, 2018).
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ABSTRACT
In this study, we aimed to identify the benthic macroinvertebrate fauna and some physicochemical 
characteristics of Balaban Lake located in Menderes, Izmir. For this, benthic macroinvertebrate and 
water samples were taken from 5 stations of the lake from October 2019 to August 2020. As a re-
sult, a total of 25 taxa were identified and were classified as Annelida (Oligochaeta and Hirudinea), 
Mollusca (Bivalvia and Gastropoda), Crustacea and other Insecta (Trichoptera, Coleoptera and Dip-
tera). The sampling stations were clustered by using the Bray-Curtis UPGMA analysis in terms of 
the distribution of the benthic macroinvertebrates. As a result of the UPGMA analysis, the 2nd and 
3rd stations (88%) were the most similar to each other. The second most similar stations to each 
other were determined as the 1st and 4th stations (75%). This situation can be explained by the bot-
tom structure (rich vegetation) of these stations. According to Pearson Correlation, there is a strong 
positive correlation (p<0.01) of TU, EC, TDS and TP with Nais communis, while there is strong 
positive correlation (p<0.05) of TU, EC and TDS with Nais elinguis. On the other hand, there is a 
strong negative correlation (p<0.01) of TU, pH, EC, TDS and TP with Gammarus sp. This study is the 
first study for determining Balaban Lake benthic fauna. That’s why all the taxa diagnosed in the 
stream has been recorded for the first time. 

Keywords: Balaban Lake, Benthic Macroinvertebrates, Physicochemical Parameters 

INTRODUCTION

The general purpose of limnological studies is to 
reveal the natural richness of aquatic ecosys-
tems. In this context, the natural wealth of inland 
waters undoubtedly depends on the flora and 
fauna of the environment. It is necessary to de-
termine the relationships of living groups living 
in aquatic ecosystems among themselves and 
with the physical and chemical characteristics of 
the ecosystem in which they are located, both in 
determining the limits of benefiting from the 
ecosystem in terms of fisheries and aquaculture, 
and in determining the basic biological efficien-
cy of the aquatic ecosystem (Kırgız, 1984).

Studies on benthic fauna in inland waters con-
stitute one of the important parts of limnologi-

cal studies. The groups that make up the ben-
thic fauna, the distribution of these groups and 
the investigation of various factors affecting 
their distribution are the subjects of study in 
this context. Benthic macroinvertebrates are 
defined as organisms that live on the bottom of 
water bodies, larger than 0.5 mm, visible and 
have no vertebrae. They are called “benthos” 
for short. Benthic macroinvertebrates are or-
ganisms that inhabit sediment and live on or in 
the bottom substrates of freshwater and marine 
ecosystems. In the water, they live on rocks, 
sediments, debris and aquatic plants, they can 
make sheaths attached to the substrate they 
live on or in during their lifetime or for some 
time in their lives. They have limited mobility. 
They live in seas, lakes, rivers, pools, swamps 
and ponds. While some groups feed on organ-
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isms such as algae and bacteria at the bottom of the food chain, 
some groups feed by breaking down plant and wood pieces and 
debris in the water (Wetzel, 2001; Tanyolaç, 2004). Benthic mac-
roinvertebrates living in lake ecosystems constitute the third link 
of the food chain in the lake after phytoplanktonic and zooplank-
tonic organisms and gain importance as the active organisms in 
the biological productivity of the lake.

It is an undeniable fact that the distribution and taxonomic and 
ecological characteristics of benthic invertebrates, which consti-
tute one of the basic building blocks of aquatic ecosystems, 
should be taken in the form of an inventory. In this regard, al-
though there have been some studies done in Turkey (Balık et al., 
2004; Balık et al., 2005; Balık et al., 2006; Toksöz and Ustaoğlu, 
2005; Yardım et al., 2008; Yıldız et al., 2008; Taşdemir et al., 2010; 
Akkan Kökçü, 2016; Özbek et al., 2016), faunistic data on aquatic 
ecosystems is still quite inadequate. On the other hand, there are 
some studies showing the relationships between physicochemi-
cal characters and benthic invertebrate species distribution in our 
country (Kalyoncu et al., 2008; Kalyoncu and Zeybek, 2009; Ünlü et 
al., 2008; Zeybek et al., 2014; Yorulmaz et al., 2015; Zeybek 2016). 
For this reason, both taxonomic and ecological studies on ben-
thic invertebrates, which are distributed in the inland waters of 
our country, should accelerate and new interpretations should be 
made in the light of the information to be obtained.

Anatolia is a region that has always preserved its importance in 
terms of zoogeography throughout various geographical peri-
ods. Due to its location between Asia, Europe and Africa, it con-
stitutes one of the important passages and refuge areas for both 
terrestrial and aquatic species. For this reason, Anatolia is in a 
very rich situation in terms of species diversity. Izmir with its histor-
ical importance is localized on the Mediterranean coast in the 
West of Anatolia of Turkey. Izmir is the third-largest city in Turkey. 
Izmir is the fastest-growing city with a population of 4,320 million 
and an annual population growth rate of 9.5% in Western Anato-
lia. Balaban Lake was determined as a case area because it is an 
important drinking water source for Izmir. Balaban Lake is one of 
the important water sources of the Tahtalı Dam Lake basin in the 
Menderes district of Izmir. The Lake basin supplies 40% of city wa-
ter needs. There are many industrial establishments, agricultural 
lands, and animal farms around Balaban Lake. There has been no 
study on the benthic macroinvertebrate fauna and physicochem-
ical parameters of Balaban Lake thus far. The aim of this study is 
to identify the benthic macroinvertebrate fauna and physico-
chemical characteristics of Balaban Lake. Additionally, it was 
aimed to demonstrate the effective physicochemical parameters 
on benthic macroinvertebrates by using Pearson correlation and 
Unweighted Pair Group Method with Arithmetic Mean (UPGMA) 
analysis. This study further aimed to contribute to the taxonomi-
cal and environmental studies performed in Turkish lakes.

MATERIALS AND METHODS

The study area is located 40 km south of the city center of Izmir, 
within the area surrounded by the villages Yeniköy and Efemçuku-
ru. The rock structure of Balaban Lake consists of highly meta-
morphic rocks, recrystallized limestones, metaquartzite, phyllite, 
and schist rocks (Hetzel et al., 1995). The deepest part of Balaban 

Lake is 10 meters. The lake’s long axis is 4 km and the widest part 
of the lake is 250m. Kozluoluk Stream is one of the main sources 
bringing water to the lake. The lake water flows through under-
ground water channels and Balaban Stream to Tahtalı Dam. The 
study was carried out seasonally at five sampling points in Bala-
ban Lake. Spring sampling was carried out in April 2020, summer 
sampling in August 2020, autumn sampling in October 2019 and 
winter sampling in January 2020. Sampling points and coordi-
nates are also given in Table 1 and Figure 1.

The 1st and 2nd stations are located just near Balaban Stream. Both 
stations have rich vegetation. The 3rd and 4th stations are located 
in the middle of the lake. The 5th station is located where the Ko-
zluoluk Stream meets the lake and has rich vegetation, being the 
shallowest part of the lake. The water samples were preserved in 
the study area by using 2.0 L polyethylene plastic bottles. In this 
study, 8 physicochemical parameters were monitored over a peri-
od of a year. The pH, Total Dissolved Solids (TDS), Electrical Con-
ductivity (EC) and Turbidity (TU) were measured by using Cyber-
Scan Series 600 Waterproof- Portable Meter while the Tempera-
ture (T), Dissolved oxygen (DO) and Oxygen saturation (Sat. O2) of 
each water sample were measured at the sampling sites by using 
Oxi 315i/ SET WTW Oxygenmeter. Total Phosphate (TP) was ana-
lyzed by using appropriate Merck kits according to manufacturer’s 
instructions (Merck Phosphate Test Kits).

Benthic macroinvertebrates were collected from each station by 
using a classic 50x30 sized 250 µm mesh hand net and Ekman 
grab (approximately 250 cm2) according to the literature (AQEM 
Consortium 2002). The AQEM sorting protocol was done com-
pletely in the laboratory and required that a defined subsample 
was taken prior to sorting. The subsample corresponded to 1/6 
of the sample and at least 700 individuals were sorted. If 1/6 of 
the sample contained < 700 individuals, the sub sample was in-
creased until ≥ 700 organisms are sorted. All individuals of the 
subsample were picked and counted without magnification and 
then determined. The result was a taxa list giving the number of 
individuals extrapolated to the whole sample. The taken samples 
were kept in 70% alcohol and 4% formaldehyde throughout the 
field study, and then brought to the Ege University Hydrobiology 
Research Laboratory. The benthic macroinvertebrate samples 
were categorized and diagnosed to the level of genus or species 
under a stereomicroscope. Brauer (1909), Almeida & Mise (2009) 
were used to diagnose the Coleoptera samples. Edington and 
Hildrew (1981), Morse (1983), Wallace et al. (1887) were used to 
diagnose the Trichoptera samples. Only Gledhill et al. (1993) was 
used in the diagnosis of the Crustacea sub-class. Korneyev & 
Evstigneev (2013) was used to diagnose the Diptera samples. 
Brinkhurst and Jamieson (1971) and Timm (1999) were used to di-
agnose the Oligochaeta and Hirudinea samples. Norman (1998) 
and Siddiqui et al. (2007) were used to diagnose the Mollusca 
samples based on morphological characteristics of the shell.

All the mathematical and statistical analyses between the physi-
cochemical data sets and biotic parameters were made using Ex-
cel 2019 (Microsoft OfficeR) and PAST 3 software. In this study, the 
dominance of the species was calculated by dividing the number 
of individuals of a species determined in the station by the total 
number of individuals of all species. In this study, the faunal sim-
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ilarities based on benthic macroinvertebrates between the sam-
pling stations were assessed by using Bray-Curtis similarity in-
dex. UPGMA was used to illustrate existent clustering relation-
ships based on Bray-Curtis similarity index. Bray-Curtis is the 
most frequently preferred method for clustering faunistic data 
(Somerfield, 2008). In this study, the relationship between physi-
cochemical parameters and macroinvertebrates were deter-
mined by using Pearson correlation analysis.

RESULTS AND DISCUSSION

Physical and chemical parameters
The results of the analyzed physicochemical variables of water in 
five sampling stations along the stream are presented in Table 2. 

Temperature (T) is a very important parameter for aquatic life, as 
it changes the viscosity and density of water, affects the rate of 
biochemical reactions occurring in the aquatic environment and 
the solubility of gases. It is known that the metabolism of organ-
isms, especially fish and benthic macroinvertebrates, varies with 
temperature. Macroinvertebrates are generally eurothermal and 
tolerant up to 30°C, except for stenothermal organisms such as 
Plecoptera found in regions close to the source. However, if 
there is organic contamination in the environment besides the 
increasing water temperature, the decrease in oxygen concen-
tration creates a problem for macroinvertebrates (Wetzel, 2001; 
Tanyolaç, 2004). For example, carp is euriterm but begins feed-
ing (8-10°C) and breeding (15°C) only after certain temperatures 
(Nikolsky, 1963). The most suitable water temperature for trout is 
8-16°C (Tanyolaç, 2004). The T level of the Balaban Lake fluctuat-

Figure 1. Study Area.

Table 1.	 Balaban Lake sampling points, coordinates 
and average depths.

Stations Coordinates

Station 1 38°23’19.17”N-27°02’68.31”E 
Station 2 38°22’98.69”N-27°02’78.50”E
Station 3 38°22’94.14”N-27°02’25.07”E
Station 4 38°22’68.85”N-27°02’23.68”E
Station 5 38°22’69.70”N-27°01’93.42”E
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ed between 14.2°C and 16.2°C during the study period. This fluc-
tuation was caused by seasonal temperature changes in the 
weather. Similar physicochemical results were found in various 
studies conducted in Kılıçkaya Dam Lake (Dirican, 2008); Karaca-
lar D am Lake (Mutlu et al., 2014); Çamlıgöze Dam Lake (Dirican, 
2015); Sivas 4 Eylül Dam Lake (Yıldız & Karakuş, 2018). 

?? Dissolved oxygen(DO) and saturated oxygen level (Sat. O2), 
which are vital for aquatic organisms, varies depending on the 
temperature as well as the photosynthesis rate of plants and the 
trophic level of the lakes. In addition, the oxygen holding capac-
ity of water is affected by temperature, pressure and salts dis-
solved in water. Ephemeroptera, Plecoptera and Trichoptera are 
abundant in waters with high DO content. These organisms are 
intolerant of low oxygen conditions. Diptera and Oligochaeta 
species can survive at the bottom of lentic ecosystems with low 
DO content. They are tolerant of high water temperatures and 
low DO concentrations (Wetzel, 2001; Tanyolaç, 2004). It is de-
sired that waters in which fish are grown be saturated with oxy-
gen. Bremond & Vuichard (1973) stated that the minimum 
amount of DO required for the cyprinid species to survive should 
be 5.0 mg/L. For trout, the oxygen of the water should be at least 
7.0 mg/L (Özdemir, 1994). In Balaban Lake, the DO level was ob-
served to fluctuate between 11.5 mg/L to 13.8 mg/L during the 
study period. The Sat. O2 level was observed to fluctuate be-
tween 80.3% to 93.8% during the study period The DO and Sat. 
O2 levels did not vary much among the stations. Further, in Kara-
calar Dam Lake, it was reported that DO was 11.12 mg/L on aver-
age (Mutlu et al., 2014). In a study conducted by Yıldız & Karakuş 
(2018), it was reported that the DO amount in surface waters was 
found to be 7.88 mg/L on average.

pH, which is an indicator of the acidity of water, is one of the im-
portant factors affecting aquatic life. In lake waters that are not 
contaminated in any way, the pH value varies between 6.0 and 
9.0. Most industrial wastes are highly alkaline or acidic, but other 

factors make it difficult to determine the direct effect of pH on 
freshwater communities. While gastropods are seen above pH 7, 
bivalves are found in the range of pH 5.6-8.3. Among insects, Co-
leoptera tolerate a wide tolerance range, Helminths tolerate pH 
4.5-8.5 range. While Chironomidae (Diptera) is dominant at pH> 
8.5 and at a pH <4.5, Orthocladinae family is not encountered. 
Some members of Plecoptera, Trichoptera and Hemiptera are 
tolerant to high pH and some to low pH (Wetzel, 2001; Tanyolaç, 
2004). While many fish species show good growth in waters with 
a pH of 6.5-8.5 (Arrignon, 1976; Dauba, 1981), waters with a pH 
higher than 10.8 and less than 5.0 have a lethal effect for the Cy-
prinidae (especially carp) (Svobodá et al., 1993). Generally, alka-
line waters are more suitable for trout production. Although trout 
can live in waters with a pH between 4.5-10, the best are waters 
with a pH of 7.5-8.0 (Özdemir, 1994). The waters of the stations 
detected on Balaban Lake have a slightly alkaline character in 
terms of pH values. For cyprinid health, the mandatory pH range 
in waters is expected to be 6.00 – 9.00 (EC, 2006). According to 
the pH data determined in the region, there is no risk for Cyprin-
id species. In the study performed in Kılıçkaya Dam Lake (Sivas) 
and Çamlıgöze Dam Lake (Sivas), it were reported that both lakes 
were suitable for aquatic life (Dirican 2008; Dirican 2015). In an-
other other study which was performed by Mutlu et al., (2014) in 
Karacalar Dam Lake (Ulaş-Sivas), it was reported that the lake wa-
ter had a pH level of 8.33 on average. Further, in the 4 Eylül Dam 
Lake (Sivas) by Yıldız & Karakuş (2018) the pH level of the surface 
water was reported to be 7.73 on average. According to Kesici et 
al., (2012) the average pH values were changing between the 
6.89-9.12 in Bafa Lake. 

The ?? Electrical conductivity (EC) of waters is a measure of the 
amount of salts or soluble substances in the water and depends 
on both geological and external factors (Höll, 1979). As a result of 
the wastes, the increase in the concentration of the salts found 
naturally in rivers and the deterioration of the balance cause toxic 
conditions. Macroinvertebrates vary in their tolerance to salinity. 

Table 2.	 Statistics of physicochemical parameters in sampling stations.

Parameters Station 1 Station 2 Station 3 Station 4 Station 5

T
(°C)

R
M±Sd.

13.6-14.8
14.2±0.51

13.9-15.2
14.6±0.57

14.9-16.9
15.9±0.95

14.4-15.7
15.1±0.57

15.0-17.1
16.2±1.01

pH R
M±Sd.

6.95-7.15
7.02±0.09

6.70-6.95
6.84±0.11

6.70-6.95
6.84±0.11

6.90-7.05
6.99±0.06

6.80-6.90
6.88±0.05

EC
(μS/cm)

R
M±Sd.

78.0-94.0
89.3±7.63

222-267
248.5±20.5

241-303
282.8±28.2

82.0-91.0
87.8±4.03

249-276
262.8±12.8

TDS
(ppt)

R
M±Sd

83.0-100
94.5±7.85

229-274
257.5±20.3

248-311
289±28.1

87.0-96.0
92.5±4.04

254-280
268.8±12.4

TU
(ppt)

R
M±Sd.

2.05-2.91
2.46±0.36

41.3-50.1
46.1±3.73

52.1-60.1
56.3±3.74

2.22-3.12
2.62±0.45

47.4-56.8
51.1±4.07

DO
(mg/l)

R
M±Sd.

13.4-14.1
13.8±0.29

12.4-14.0
13.4±0.71

11.1-13.5
12.1±1.07

12.6-13.5
13.0±0.40

10.8-12.4
11.5±0.73

Sat. O2

(%)
R
M±Sd.

90.0-93.0
91.5±1.29

87.0-90.0
88.5±1.29

80.0-84.0
82.0±1.83

92.0-95.0
93.8±1.26

78.0-82.0
80.3±1.71

TP
(mg N/L)

R
M±Sd.

4.02-4.97
4.49±0.38

8.23-10.14
9.42±0.84

11.8-13.6
12.6±0.76

3.11-4.23
3.82±0.49

10.2-12.5
11.6±0.98

R: Range; M: Mean; Sd: Standard deviation



120

Aquat Sci Eng 2021; 36(3): 116-125
Ertaş, Boz and Tunel Kızılkaya. Determination of Benthic Macroinvertebrate Fauna and Some Physicochemical Properties...

Of the leeches, Piscicola geometra is less tolerant than the Er-
pobdellidae and Glossiphonidae families. However, salinity toler-
ance is higher in cold waters than in warm waters (Wetzel, 2001; 
Tanyolaç, 2004). Tolerant groups to high chloride concentrations 
(> 1000 mg/L) include only the Baetidae family from Odonata, 
Diptera (especially Chironomidae) and Ephemeroptera. Plecop-
tera is not seen in waters with increased salinity (Kalyoncu et al., 
2008). The EC level of the Balaban Lake water was observed to 
have values ranging from 87.8 μS/cm to 282.8 μS/cm. The highest 
values of EC were recorded at the 3rd and 5th station. These sta-
tions are the points where the Kozluoluk Stream meets the lake. 
The pollution from the stream may have increased when com-
bined with the dam. The EC value may be high due to pollution. 
In a study conducted at 4 Eylül Dam Lake, Yıldız & Karakuş (2018) 
reported that the surface water had an EC level of 181.5 μS/cm. 

?? Total dissolved solids (TDS) originate from natural resources, 
domestic and industrial wastewater and agricultural areas. The 
main ions that contribute to the total amount of dissolved solids 
are carbonate, bicarbonate, chloride, sulfate, nitrate, sodium, 
potassium, calcium, magnesium, etc. In addition, silt, clay, small 
particles of organic structures, inorganic substances, organic 
compounds that can be dissolved, plankton and other micro-
scopic organisms compose TDS (Tanyolaç, 2004). The amount of 
TDS affects the properties of drinking water such as taste, hard-
ness and corrosion. The TDS level of the Balaban Lake water was 
observed to have values ranging from 92.5 ppt to 289 ppt. 

?? Turbidity (TU) is seen in waters containing suspended solids, 
which prevent the passage of light. TU can be caused by many 
organic or inorganic substances (Wetzel, 2001). TU is important 
for 3 reasons in terms of the environment. First, the aesthetic use 
is avoided, the second is the low filterability and finally the disin-
fectability is not effective (Wetzel, 2001). It is recommended not 
to exceed 1 NTU (turbidity unit) by the EPA (1979) and World 
Health Organization (WHO, 2011). TU leads to an increase in the 
amount of prey by reducing the predator’s influence in the 
prey-predator relationship. It has been reported that the amount 
of leeches (Hirudinae), which are the food of the fish, is increased 
in waters with high turbidity (Wetzel, 2001; Tanyolaç, 2004). The 
TU level of the Balaban Lake water was observed to have values 
ranging from 2.46 ppt to 56.3 ppt. 

Phosphorus is a necessary element for aquatic life. Phosphorus is 
the most basic element of eutrophication occurring in water 
(Harper, 1992). It is found in very small amounts in uncontaminat-
ed waters and determines the richness of lakes (Tepe & Boyd, 
2003). Phosphorus values above 0.3mg/L are entirely due to the 
pollution produced by humans in surface waters. It can be 
thought that algae and aquatic plants are overfed as a result of a 
phosphorus concentration above 0.5 mg/L and the presence of 
sufficient nitrogen compounds at the same time. As a result, bio-
logical equality is disturbed in stagnant waters. In this case, eu-
trophication is accelerated. Oxygen-free conditions caused by 
eutrophication adversely affect the population of Ephemerop-
tera, Plecoptera and Trichoptera groups (Wetzel, 2001; Tanyolaç, 
2004). In Balaban Lake, the TP level was reported to fluctuate be-
tween 3.82 mg/L and 12.6 mg/L during the study period. In a 
study performed by Mutlu et al., (2014), the phosphorus level was 

reported to be between 0.001 mg/L and 0.017 mg/L in Karacalar 
Dam Lake. Uslu & Türkman (1987) reported that detergents used 
in cleaning had reached the receiving water environment through 
wastewater and is a factor affecting phosphorus concentration. It 
has been calculated that 91% of phosphate comes from domes-
tic and industrial wastewater and 9% from agricultural areas to 
receiving waters (Egemen & Sunlu 1999).

Benthic macroinvertebrate data
In this study, a total of 2,008 benthic macroinvertebrate samples 
were collected; all the specimens collected belong to four 
groups: Mollusca, Annelida, Crustacea, and Insecta. The maxi-
mum numbers of individual were collected at station #3 (613 in-
dividuals), while the minimum numbers of individual were col-
lected at station #5 (247 individuals). The lowest number of indi-
viduals was determined in winter while the highest number of in-
dividuals was determined in autumn with the collection of all 
benthic invertebrate samples (Figure 2).

As a result of diagnosis, the most dominant group in all benthic 
macroinvertebrate groups was Insecta in the stream (Figure 3). In 
this study, Crustacea was represented by a total of 219 individuals, 
Annelida with a total of 258 individuals, Mollusca with a total of 678 
individuals and Insecta with a total of 853 individuals. In Kanak Lake 
the Insecta group was found as the dominant group. This may be 
due to either the high DO observed in the lake that can maintain 
the life cycle of insects, or it may be related to the age of the lake. 
In a study conducted at Sarıkum Lake (Sinop) by Akbulut et al., 
(2002) the Insecta group was also found to be the dominant group.

Figure 2.	 The total percent of benthic macroinvertebrates 
according to season.
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Distributions of the recorded macrozoo-benthic invertebrates in 
Balaban Lake are shown in Table 3.

Considering all taxonomic groups in Balaban Lake, Bivalvia were 
the most dominant group in summer (25%) and winter (28%). The 
second most dominant group was Diptera in summer (21%) and 
winter (20%). Diptera was the most dominant group in autumn 
(27%) and spring (24%). The second most dominant group was 
Bivalvia in autumn (25%) and spring (19%) (Figure 4).

Out of 12 families identified, Insects were the richest group rep-
resented with 5 families: Trichoptera (3), Coleoptera (1) and Dip-
tera (1) making up 41.7% of the macroinvertebrates of the Bala-
ban Lake. Crustacea were represented with 2 families: Gammari-
dae, and Geryonidae which consisted 16.7% of the macroinver-
tebrates. Annelida were represented with 2 families: Naididae 
and Erpobdellidae, which consisted 16.7% of the macroinverte-
brates. Mollusca were represented with 3 families: Physidae, Pla-

Figure 3.	 Benthic invertebrate groups in Balaban Lake.

Table 3.	 Distributions and relative occurrence (%) of benthic macroinvertebrates in the stations.
Station 1 Station 2 Station 3 Station 4 Station 5

MOLLUSCA
BIVALVIA
Dreissenidae
Dreissena sp. - 44.7 41.9 - -
GASTROPODA
Physidae
Physa acuta Draparnaud, 1805 7.21 2.77 5.05 - 6.88
Planorbidae
Gyraulus albus O. F. Müller, 1774 - 4.35 6.03 - 5.26
Planorbis planorbis Linnaeus, 1758 - 1.78 1.95 2.77 3.23
ANNELIDA
HIRUDINEA
Erpobdellidae
Erpobdella octoculata Linnaeus, 1758 - - - 11.7 -
OLIGOCHAETA
Naididae
Nais communis Piguet, 1906 - 1.58 2.28 - 3.64
Nais elinguis Müller, 1774 - 2.57 2.44 - 2.83
Tubifex costatus Claparède, 1863 4.07 1.18 2.61 2.77 1.61
Tubifex tubifex O. F. Müller, 1774 9.40 1.78 1.95 13.2 4.85
CRUSTACEA
Gammaridae
Gammarus sp. 37.3 - - 29.9 -
Geryonidae
Potamon potamios Olivier. 1804 - - 0.48 - -
INSECTA
Trichoptera
Ecnomidae
Ecnomus tenellus Rambur, 1842 4.07 - 1.46 4.32 -
Hydropsychidae
Hydropsyche sp. 5.32 2.57 1.79 7.40 4.04
Hydropsyche fulvipes Curtis, 1834 4.07 2.97 2.12 6.17 5.26
Hydropsyche bulbifera McLachlan, 1878 2.82 - - 3.08 -
Leptoceridae
Oecetis ochracea Curtis, 1825 - 1.78 1.14 - 3.23
Oecetis furva Rambur, 1842 - 1.58 1.14 - 2.83
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norbidae and Dreissenidae, which consisted 24.9% of the macro-
invertebrates.

The dominance of benthic macroinvertebrate species according 
to the stations is shown in Figure 5. As a result of the observa-
tions, Gammarus sp. was dominant in the 1st and 4th stations. 
Gammarus sp., which belongs to the group of Amphipoda, was 
found in low polluted river sections (Meyer, 1987). Orthocladius 
sp. and Tanytarsus sp. were dominant species in the 2nd and 5th 
stations. These species are an indicator for oliosaprobic (clean) 
aquatic systems (Tanyolaç, 2004). According to Tanyolaç (2004) 

these organisms tolerance range is low. They can be found in 
high DO (mg/l) concentration, Sat O2 (%) and T (°C). Existent 
abundance of the organic matter is favorable for benthic macro-
invertebrates such as Diptera and Oligochaeta (Rashid and Pan-
dit, 2014). 

Oligochaeta and Diptera species are one of the most important 
freshwater species and are important food resources for some 
benthic macroinvertebrates and fishes (Brinkhurst & Jamieson, 
1971). Numerous studies have shown a correlation between the 
population of Diptera and the number of diverse species of Oli-

Table 3.	 Continue

Station 1 Station 2 Station 3 Station 4 Station 5
Coleoptera
Dytiscidae
Cybister sp. 2.19 2.17 1.63 - 4.85
Hydaticus sp. 2.82 3.36 1.95 3.08 4.85
Methles sp. 2.19 1.98 1.63 - 4.04
Diptera
Chironomidae
Orthocladius sp. 3.76 6.73 6.19 3.70 10.9
Polypedilum sp. 3.13 4.15 4.24 4.93 9.31
Procladius sp. 4.07 3.96 3.58 2.77 7.28
Sergentia sp. 2.19 3.16 3.75 - 6.07
Tanytarsus sp. 5.32 4.75 4.56 4.01 8.90

Figure 4. Distribution of taxonomic groups in Balaban Lake.
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gochaeta, and this correlation was observed to be negative (Dar-
by, 1962; Ponyı, 1983). In these studies, Diptera was found to be 
the dominant group when larval Oligochaeta were found at a low 
density. In a study conducted by Kırgız (1988), it was reported 
that Oligochaeta had an abundance level of 18.16% while Chi-
ronomidae had 77.27% in Seyhan Lake of the Adana Province of 
Turkey. In another study conducted at Terkos Lake in the prov-
ince of Istanbul, a contrasting result was reported, that Oligo-
chaeta was the dominant group in the lake (82% Oligochaeta, 
10% and 8% in other groups) Çamur-Elipek (2003). Further, in a 

study by Balık et al., (2004), Diptera was found as the dominant 
group with a 86.50% abundance, while Oligochaeta was found to 
have a 8.72% abundance in Buldan Reservoir in the province of 
Denizli. In Kemer Lake in the province of Aydın, Oligochaeta was 
found to be the dominant group with 10 taxa (Yıldız et al., 2008). 

Figure 6.	 Classification of stations based on similarities of in 
Balaban Lake.

Table 4.	 Pearson’s based correlation assessment between physicochemical parameters and macroinvertebrate species of the lake.
T DO Sat. Oxy. TU pH EC TDS TP

Dreissena sp. 0.099 -0.072 -0.337 0.669 -0.781 0.678 0.683 0.618
Physa acuta 0.188 -0.214 -0.602 0.501 -0.346 0.504 0.501 0.596
Gyraulus albus 0.484 -0.469 -0.69 0.875 -0.891* 0.878 0.878 0.873
Planorbis planorbis 0.663 -0.611 -0.446 0.655 -0.764 0.651 0.65 0.614
Erpobdella octoculata -0.066 0.135 0.625 -0.605 0.467 -0.612 -0.614 -0.631
Nais communis 0.679 -0.682 -0.872 0.966** -0.925* 0,966** 0,964** 0,978**
Nais elinguis 0.408 -0.405 -0.665 0.914* -0.956* 0.918* 0.921* 0.874
Tubifex costatus -0.138 0.187 0.098 -0.161 0.19 -0.159 -0.163 -0.058
Tubifex tubifex -0.387 0.433 0.798 -0.928* 0.876 -0.932* -0.935* -0.899*
Gammarus sp. -0.638 0.656 0.818 -0.983** 0.982** -0.983** -0,.984** -0.939*
Potamon potamios 0.463 -0.417 -0.496 0.511 -0.48 0.509 0.504 0.591
Ecnomus tenellus -0.35 0.41 0.627 -0.771 0.758 -0.774 -0.779 -0.688
Hydropsyche sp. -0.493 0.548 0.900* -0.888* 0.758 -0.890* -0.889* -0.910*
Hydropsyche fulvipes -0.185 0.251 0.681 -0.537 0.341 -0.54 -0.538 -0.61
Hydropsyche bulbifera -0.567 0.598 0.85 -0.989** 0.957* -0,990** -0.992** -0.957*
Oecetis ochracea 0.5 -0.532 -0.77 0.957* -0.957* 0.960** 0.963** 0.897*
Oecetis furva 0.52 -0.547 -0.787 0.974** -0.974** 0.977** 0.979** 0.922*
Cybister sp. 0.329 -0.396 -0.8 0.829 -0.717 0.833 0.835 0.825
Hydaticus sp. 0.019 -0.036 -0.27 0.657 -0.797 0.666 0.676 0.519
Methles sp. 0.273 -0.332 -0.771 0.812 -0.705 0.818 0.82 0.817
Orthocladius sp. 0.486 -0.49 -0.739 0,953* -0.973** 0.957* 0.959* 0.920*
Polypedilum sp. 0.798 -0.786 -0.809 0,928* -0.931* 0.925* 0.922* 0.917*
Procladius sp. 0.417 -0.441 -0.79 0,936* -0.899* 0.940* 0.942* 0.926*
Sergentia sp. 0.483 -0.503 -0.831 0,924* -0.862 0.927* 0.927* 0.940*
Tanytarsus sp. 0.447 -0.462 -0.789 0,922* -0.884* 0.926* 0.927* 0.926*
**Correlation is significant at the 0.01 level (2-tailed);  *Correlation is significant at the 0.05 level (2-tailed).

Figure 5.	 Dominance (%) of taxon of benthic 
macroinvertebrates at the stations.
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According to Tanyolaç (2004) the most dominant group was Dip-
tera (Chironomus thummi) followed by Oligochaeta (Limnodrilus 
sp. and Limnodrilus hoffmeisteri) in eutrophic (polluted) lakes. In 
this study, Nais communis and Nais elinguis diagnosed in addi-
tion to Limnodrilus species in Balaban Lake. In a study conduct-
ed in the Lakes Region, Yıldız & Balık (2006) reported that Dero 
digitata was the most dominant organism in the region and the 
second most dominant organism in Topçam Dam Lake. Trichop-
tera are a good indicator of pollution-free water as they dwell in 
clean water and are very sensitive to polluted water. They can be 
found anywhere from warm streams to cool streams including 
lakes, ponds and marshes (Haldar et al., 2016). In this study the 
DO value of the lake was found to be abundant. 

The classification of the stations based on benthic macroinverte-
brates composition was illustrated by using Bray-Curtis UPGMA 
analysis (Figure 6). As a result of the UPGMA analysis, the 2nd and 
3rd stations (88%) were the most similar to each other. The second 
most similar stations to each other were determined in the 1st 
and 4th stations (75%). This situation can be explained by the bot-
tom structure (rich vegetation) of these stations.

In this study, the random sample cases (10% select case) were 
made on the biotic indices and physicochemical parameters to 
verify data sets and to determine that the data was transferred 
without errors in the PAST3. Table 4 indicates the correlations of 
physicochemical parameters and benthic macroinverterates spe-
cies.

There is a strong positive correlation (p<0.01) of TU, EC, TDS and 
TP with Nais communis, while there is strong positive correlation 
(p<0.05) of TU, EC and TDS with Nais elinguis. There is a strong 
negative correlation (p<0.01) of TU, pH, EC, TDS and TP with 
Gammarus sp. There is a strong positive correlation (p<0.01) of 
TU, EC, TDS and TP with Chironomidae species.

CONCLUSIONS

With this study, we aimed to determine some physicochemical 
properties and benthic macroinvertebrate fauna of Balaban 
Lake. As a result of the research, 25 taxa were identified. It was 
observed that the benthic macroinvertebrates were presented as 
Insecta group > Annelida group > Mollusca group > Crustacea 
group. The identified taxa were the first recorded for the lake. 
Relationships between certain benthic macroinvertebrate spe-
cies and physicochemical parameters were revealed in this study. 
We believe that this study will provide data for future monitoring 
studies. However, the change of populations in freshwater, which 
is under threat due to drought caused by climate change, must 
be determined over time.
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ABSTRACT
In the present study digenean parasite faunas of four labrid fishes, Symphodus tinca, S. rossali, S. 
cinereus and S. ocellatus were investigated and compared. A total of 52 fish specimens were 
caught on the Black Sea coast near Sinop, Turkey, over two years. Eight digenean species were 
found in the four labrid fishes. These are Helicometra fasciata, Gaevskajatrema perezi, Proctoeces 
maculatus, Phyllodistomum crenilabri, Galactosomum lacteum, Condylocotyla pilodora, Metade-
na pauli and Opecoelidae gen. sp. Each digenean species on their respective hosts were counted, 
their prevalence, mean intensity and abundance values were determined. While the maximum 
parasite diversity was found in S. tinca, S. ocellatus was infected with the fewest parasites. Total 
parasite abundance was significantly high in S. roissali, which was infected with four species. A 
close resemblance was observed in the digenean parasite faunas of S. tinca and S. roissali. The 
core, secondary, satellite, and rare species in the digenean parasite community of each host were 
determined. This study contains the first data on the digenean parasites of labrid fish on Turkish 
Black Sea coast. Phyllodistomum crenilabri and Metadena pauli are new parasite records in Turkish 
fish parasite fauna, while Condylocotyla pilodora is a new parasite record for the labrid fishes. 

Keywords: Trematode, digenea, parasites, Symphodus spp., Black Sea

INTRODUCTION

The family Labridae is one of the large taxons 
of fish, comprising approximately 580 species 
in 82 genera and they are widely dispersed in 
tropical and temperate marine waters around 
the world (Hanel, Westneat, & Sturmbauer, 
2002). A total of 20 species of this family have 
been recorded from the Turkish Sea to date (Bi-
lecenoğlu, Kaya, Cihangir, & Çiçek, 2014). A to-
tal of 5 out of 8 species of this family, which in-
habit the Black Sea, are the species of the Sym-
phodus genus. The native habitats of the genus 
Symphodus are the coastal zones of the East 
Atlantic Ocean, the Mediterranean and the 
Black Sea. They are found to a depth of 1–50 m 
near rocks and eel-grass beds. Labrid fish are 
not target species commercially. However, 
labrid fish are often caught by fishermen that 
focus on fishing for other species (Choat & Bell-
wood, 1998; Nelson, 2006).

Digenean parasites provide important informa-
tion about the aquatic ecosystem since they 
have complex life cycles, during which several 
groups of marine animals are used as intermedi-
ate hosts. There are a lot of published data on 
digenean parasites of labrid fishes from the 
Mediterranean and Black Sea (Sey, 1970; Niko-
laeva & Solonchenko, 1970; Parukhin, Naideno-
va, & Nikolaeva, 1971; Gaevskaya & Solonchen-
ko, 1989; Campos, Carbonell, & Pellicer, 1990; 
Campos & Carbonell, 1994; Sasal, Niquil, & Bar-
toli, 1999; Korniychuk, 2001; Bartoli, Gibson, & 
Bray, 2005; Gargouri, Elbohli, & Maamouri, 2010; 
Radujkovic & Sundic, 2014; Munoz & Diaz, 2015). 

To date, there have been many survey studies on 
digenean parasites in Turkey (Oğuz & Bray, 2006; 
Akmırza, 2013; Tepe, Oğuz, & Heckmann, 2014; 
Çınar, 2014; Öztürk & Özer, 2016; Öztürk & Güven, 
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2020). On the other hand, there are no previous studies on the dige-
nean parasite fauna of labrid fish on the Black Sea coast of Turkey. 

The aim of this research study is to investigate digenean para-
sites of four labrid fishes collected from the Sinop coast of the 
Black Sea. This study is the first survey on digenean parasites of 
the labrid fishes on the Turkish Black Sea coast.

MATERIALS AND METHODS

The present study was carried out between May 2015 and April 
2017. The fish specimens were sampled with gill nets by fisher-
men from the Sinop coast of the Black Sea (42°01′ 55′ N, 35°16′ 
36′ E). The caught fish were transported to the parasitology lab-
oratory of the Faculty of Fisheries and Aquatic Sciences at Sinop 
University. A total of 52 specimens of the four labrid species, 
Symphodus tinca (27), S. cinereus (16), S. roissali (7) and S. ocella-
tus (2) were investigated for the digenean parasites. The fish 
were examined within 24 h of capture. At necropsy, the fishes 
were measured and weighed. Skin, fins, gills, eyes, brain, liver, 
stomach, intestine, kidney, urinary and gall bladder were exam-
ined under the dissecting microscope. The number of parasites 
was counted individually and the site of infection was recorded. 
Parasite specimens were studied in both alive and permanent 
preparations. For identification, the parasites were fixed in Bou-
in’s fluid between slide and coverglass without pressure, stained 
with acetic carmine and mounted in Canada balsam. Permanent 
preparations were examined using a light microscope (Olympus 
microscope BX53) at magnification X10 and X100. The preva-
lence (P, %), mean intensity (MI), and abundance (A) values of 
each digenean parasites were calculated following the defini-
tions of Bush, Lafferty, Lotz, & Shostak, (1997). The standard devi-
ation (SD) of the mean intensity was calculated. The Kruskal-Wal-
lis test (Nonparametric ANOVA) was performed to compare the 
mean intensity values of digenean parasites in each fish host. 
The analyses were carried out using the computer programmes 
GraphPad Instat 3.0. P-values less than 0.05 were considered to 
be significant. The significance of the digenean parasite fauna 

was determined by using an abundance (A) index according to 
the scale presented in Zander, Reimer, Barz, Dietel, & Strohbach, 
(2000), as follows; A>2: core species, A=0.6-2: secondary species, 
A=0.2-0.6: satellite species, A<0.2: rare species. The Czekanows-
ki–Sørensen Index (ICS, %) was used to compare the digenean 
faunas of four Symphodus spp. (Sørensen, 1948).

RESULTS AND DISCUSSION

In the present study, a total of eight digenean parasite species 
including adults of Helicometra fasciata, Gaevskajatrema perezi, 
Proctoeces maculatus, Phyllodistomum crenilabri and metacer-
cariae of Galactosomum lacteum, Condylocotyle pilodora, Meta-
dena pauli and Opecoelidae gen. sp. were determined in four 
labrid fish (Table 1 and Figure 1). 

Table 2 summarises the digenean parasite list with indications of 
prevalence (%), mean intensity (MI), and abundance (A) values of 
identified digenean parasites in their respective fish hosts. Our 
results showed that S. tinca has the richest digenean fauna with 7 
digenea species, but S. ocellatus was infected with only 2 dige-
nea species (Table 2). In other words, the most diverse digenean 
fauna was found in S. tinca; S. ocellatus showed a low diversity 
with 2 species (Table 2). In this study, the parasite species rich-
ness observed in labrid fish may be related to sampling effort. 
Many more specimens of S. tinca (27 individuals) were examined, 
compared to S. ocellatus (2 individuals).

The overall mean intensity values of digenea parasite species 
varied significantly among the four labrid fish (P<0.05). Overall, 
the highest prevalence and mean intensity values (100% and 
73.86) were found in S. roissali, which was infected with 4 digenea 
species. Galactosomum lacteum occurred only in S. tinca and 
Condylocotyle pilodora occurred only in S. cinereus (Table 2). 

Metadena pauli was observed as a core species, but G. lacteum 
and C. pilodora were found as rare species (Table 2). Helicometra 
fasciata and G. perezi played the role of core in S.tinca and S. 
roissali. Proctoeces maculatus played the role of core, satellite or 

Table 1.  List of digenean parasite species identified in four labrid fish in the present study and their infection site (microhabitat)

Family Digenean parasite species hosts Infection site (microhabitat)

Opecoelidae Helicometra fasciata Rudolphi, 1819 S. tinca, S. roissali intestine
Opecoelidae gen. sp. (met.) S. tinca, S. roissali gills

Gaevskajatrema perezi (Mathias, 1926) S. tinca, S. roissali, 
S. cinereus

intestine

Fellodistomidae Proctoeces maculatus (Looss, 1901),  
Odhner, 1911

S. tinca, S. roissali, 
S. cinereus

intestine

Gorgoderidae Phyllodistomum crenilabri Dolgikh &  
Naidenova, 1968

S. tinca, S. ocellatus urinary bladder

Heterophyidae Galactosomum lacteum Jägerskiöld,  
1896, (met.)

S. tinca gills

Condylocotyle pilodora Pearson & Prevot, 
1805 (met.)

S. cinereus brain

Cryptogonimidae Metadena pauli (Vlasenko, 1931) Yamaguti, 
1958 (met.)

S. tinca, S. roissali, 
S. ocellatus

gills, eyes

(met.: metacercariae)
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Figure 1. 	Digenean parasites identified in four labrid fish in this study (original), A) Helicometra fasciata, B) Gaevskajatrema 
perezi, C) Proctoeces maculatus, D) Phyllodistomum crenilabri, E) encysted metacercariae of Opecoelidae gen. sp., 
F) excysted metacercariae of Opecoelidae gen. sp. G) encysted metacercariae of Condocotyla pilodora, H) excysted 
metacercariae of C. pilodora, I) encysted metacercariae of Galactosomum lacteum, J) excysted metacercariae of G. 
lacteum, K) encysted metacercariae of Metadena pauli, L) excysted metacercariae of M. pauli.
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rare parasite depending on the host species. Phyllodistomum 
crenilabri was core in S. tinca, but secondary in S. ocellatus (Table 
2). Moreover, all digenean species found in S. roissali were deter-
mined as core species (Table 2). 

The digenean species composition and the digenean species 
richness of the four labrid fishes were found to be different in the 
present study. A close similarity was observed in the digenea fau-
na of S. tinca and S. roissali (ICS = 80.0%) (Table 3). In this study, 
it was observed that the similarity among the digenean parasite 
fauna of the Symphodus species was low in general. Moreover, a 
similarity was not detected in digenea parasite fauna of two of 
the labrid fish, S. cinereus and S. ocellatus (Table 3). 

A high Czekanowski–Sorensen index, indicating a close similarity, 
was observed in the digenean parasite fauna of the S. tinca and S. 
roissali (80%). But the digenea fauna of S. cinereus and S. ocellatus 
were not similar in the present study (Table 3). This may be related 
to the diet of the labrid hosts. The composition of the parasite fau-
na depends on many factors. The type of diet is one of them. This 
may be related with the diet of the labrid hosts. S. cinereus is carniv-
orous with a slight tendency toward omnivory, mostly consuming 
polychaetes, foraminiferans and decopod non-crustaceans (Fernan-
dez, Freire, & Gonzalez-Gurriaran, 1995). Whereas S. ocellatus is 
omnivorous, tending toward herbivory, mostly consume algae, and 
to a lesser extent bryozoans and hydroids (Kabasakal, 2001). 

According to previous studies, it should be considered that the 
majority of the listed digenea species have been reported from 
S. tinca (Table 4).

Labridae is one of the most important families of marine fish with 
its biological diversity and ecological importance, and labrid fishes 
have distribution worldwide (Nelson, 2006). To date, a total of 134 
records of digenean parasites have been enlisted from 127 labrid 
fish (Munoz & Diaz, 2015). So far, 35 nominal digenean species 
have been reported in the four labrid fishes in the Mediterranean 
basin and Black Sea according to data of various authors (Table 4). 
Four species, H. fasciata, P.maculatus, P. acceptum and G. perezi, 
are typical digenean parasites of the labrid fishes and have also 
been reported in both basins (Table 4). Considering the number of 
digenea species reported in the four labrid fishes, except for the 
digenea species reported in both basins, it is noteworthy that the 
species diversity in the Mediterranean basin (19 species) is higher 
than from the Black Sea (9 species) (Table 4). The difference in di-

Table 3.	 Czekanowski-Sorensen Index (%) in digenean 
fauna of four labrid fish in the study area

S. 
tinca

S.  
roissali

S.  
cinereus

S.  
ocellatus

S. tinca 100
S.  
roissali 80.0 100

S.  
cinereus 44.4 57.1 100

S.  
ocellatus 40.0 33.3 0.0 100
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versity of digenean parasites reported from the Mediterranean ba-
sin and Black Sea may be related to the number of the intermedi-
ate hosts and the variation in physical and chemical parameters of 
the environment that can influence the host. So far, Condylocotyle 
pilodora has not been previously recorded in labrid fishes. It is re-
markable that this digenean parasite is reported for the first time 
in labrid fish in the present investigation (Table 4). Thus, the num-
ber of digenean parasite species in the four labrid fishes reported 
in both basins has increased to 36 with the addition of C. pilodora.

CONCLUSIONS

This study revealed the first data on the digenean fauna of four 
fish species belonging to Sypmhodus genera in Turkish waters, 
and the data recovered in this paper contribute to the digenean 
parasites list of labrid fish inhabiting the Black Sea. In addition, 
these results contain some valuable knowledge, which can be 
used in future digenean parasite research.
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ABSTRACT
Deep water cast net fishing is regarded as a traditional method that has been used since antiquity 
in the Eastern part of the Black Sea. Unlike ordinary cast nets, it is used in deep waters from shallow 
up to 140 meters for catching whiting (Merlangius merlangus euxinus). In this study, important 
findings were obtained about the operational success and duration, catch efficiency and composi-
tion of traditional deep water cast nets. The highest operation success rate was obtained from 60 
to 120 meter depth with 84.2%. The highest mean CPUE was established at 0.42 kg/operation in 
August. The catch rate of whiting, the main target species of the study, of the total catch was cal-
culated as 98.8%. In this study, the effect of deep water cast nets on the ecosystem was also inves-
tigated. According to the findings, fishing season and operation depth significantly affect the catch 
per unit effort. In terms of ecosystem-based fisheries management due to high selectivity, the low 
impact of ghost fishing and high survival rate of the individuals, the deep water cast net fishing was 
found to be beneficial. It is recommended that the performance of deep water cast nets on differ-
ent species in different seas should be investigated. 

Keywords: Cast net, fisheries, Black Sea, Whiting, Merlangius merlangus euxinus

INTRODUCTION

Cast nets have been used to collect fish in shallow 
water canals surrounding marshes and to collect 
nearshore lake species (Meador & Kelso, 1990). 
The cast net covers a large area per deployment 
and large areas can be sampled quickly (Emman-
uel, Chukwu, & Azeez, 2008). The usage and pur-
pose of cast nets vary according to the region and 
species (Türkmen, & Akyurt, 2000; Smith, Tun, 
Chid, Winb, & Moeb, 2009; Zappes, Andriolo, Si-
moes Lopes, & Beneditto, 2011; Stein, Smith, & 
Smith, 2014). The Eastern Black Sea has been the 
most important region for whiting fisheries in Tur-
key where more than 46% of the total whiting 
(Merlangius merlangus) production was obtained 
from this region (Turkish Statistical Institute, 2019). 
Gillnets, hand lines and deep water cast nets are 
used for whiting fisheries in the Eastern Black Sea 
which is closed to trawling.

Deep-water cast net fishing is regarded as a tra-
ditional method of catching whiting that has 
been used since antiquity in the Black Sea. 
Deep water cast nets are released from the 
boat into the sea and down to the bottom with 
spread out like a parachute (Karadurmuş, 
Düzgüneş, & Aydın, 2020). There are a few stud-
ies on deep water cast nets in the literature. 
Emanet & Ayaz (2018) carried out surveys about 
catch efficiency with deep cast nets used for 
whiting on the coast of Sürmene. 

Some fish stocks around the world, including Tur-
key have been damaged, some have been 
over-exploited and others have been completely 
destroyed (Vasilakopoulos, Maravelias, & Tserpes, 
2014; Tsikliras, Dinouli, Tsiros, & Tsalkou, 2015; 
Demirel, Zengin, & Ulman, 2020). Despite the im-
plementation of policies and limitations, fisher-
men`s desire to obtain more prey by using existing 
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technology makes the measures inadequate. With damage to pe-
lagic stocks, fishermen have turned to demersal stocks in recent 
years (Avşar, 2005). Demersal stocks, which are already limited, have 
also begun to be over-exploited. Therefore, discovery or develop-
ment of alternative fishing gear and fishing methods is important in 
terms of sustainable fishing. In this study, it was aimed to determine 
the catch performance of traditional deep-water cast nets used for 
whiting fishing in the Black Sea of the Turkish coast.

MATERIALS AND METHODS

This study was carried out in the Eastern Black Sea region (Figure 
1) during the July 2016-June 2017 period by monthly samplings. 
The sampling operations were made from shallow to deep wa-
ters by the traditional deep-water cast nets. The operations were 
carried out by a small fishing boat, which is named ‘Gürşen’ with 
a length of 8 m and width of 3 m. Standard traditional nets were 
used in the operations with a 14 mm mesh size and 190 meshes 
along the depth. The circumference of the net mouth was 18.6 m 
and the area of the net mouth was 27.5 m2.  An area approxi-
mately 20-30 m2 was covered in each operation.

The stations selected were from 40-60 m (D1), 60-80 m (D2), 80-100 
m (D3), 100-120 m (D4), 120-140 m (D5) depth and these stations 
were defined as internal depth contours. The stations with shal-
low depths of less than 40 m (D-) and deeper depths of more than 
140 m (D+) were defined as external depth contours. A total of 994 
operations were carried out in 52 days throughout the year. The 
number of operations performed according to depth contours 
and months is given in Table 1. Operation details (date, operation 
duration, depth etc.) and meteorological conditions (intensity of 
wind, wave and flow) were noted on data forms daily.

During the study, a total of 4,860 specimens were examined, which 
included 4,804 whiting. Length frequencies of individuals were 
measured on the boat to the nearest 1 mm. All species were de-
fined at the lowest possible taxonomic level and the catching 
quantities of each species were noted on the forms (Slastenenko, 
1956; Mater, Kaya, & Bilecenoğlu, 1989; Bilecenoğlu, Taşkavak, 
Mater, & Kaya, 2002). Concerning the success rate of operations, 
when the fishing gear worked without any problems (no curling 
and tangling), the operation was defined as successful. The suc-
cess rate of operations (OS) was calculated as follows,

OS (%) = [The number of successful operation / The number of 
total operation] x 100	     (1)

Classification of total catch, targeted catch and bycatch were 
made according to the definitions given below;

- Total catch: All living and dead materials caught with the fishing 
gear

- Targeted Catch: Amount of a species over minimum landing 
size with certain fishing gear for a given fishery 

- Bycatch: Amount of untargeted catch (discards due to any rea-
son and undersized individuals of the targeted species).

In this study, whiting and the other commercial species were 
evaluated as target species excluding smaller individuals accord-
ing to the legal length limit. The non-commercial species, under-
sized individuals of the targeted species and forbidden species 
were determined as non-target species. In terms of a fisheries 
management-based approach, protected species and smaller 
individuals than the legal length limit should be returned to the 
sea (Kasapoğlu & Düzgüneş, 2017).

Figure 1. Map of the study area (Ordu Shelf Area).
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Catch per Unit Effort (CPUE) for each species was calculated and 
standardized in kg per operation (Sparre & Venema, 1992) as fol-
lows;

CPUE = ∑ C / n	     (2)

In this equation: ∑C: Quantity of catch in each operation (kg), n: 
Number of operations. The statistical analyses of the data were 
made using the SPSS package program 22.0 (Sokal & Rohlf, 1969; 
Düzgüneş, Kesici, & Gürbüz, 1983).

RESULTS AND DISCUSSION

Operation success
A total of 915 operations at the internal depth contour (40-120 m) 
and 79 operations at external depth contours (<40 m and >140 
m) were performed throughout the year. The average operation 
success rate was determined as 78.3% (716 operations) at inter-
nal depth contours and as 40.5% (32 operations) at external 
depth contours. In 25.1% of successful operations (180 opera-
tions) where carried out at internal depth contours and 53% of 
successful operations (17 operations) where carried out at exter-
nal depth contours where no catch was obtained (Figure 2). 

The operation success rates of depth contours are given in Fig-
ure 3. The highest operation rate was obtained at D2 depth con-
tour (60-80 m) with 84.2%. The operation success rate was found 
to be low at external depth contours (<40 m and >140 m). It was 
determined that at depths deeper than 80 m, the operation suc-
cess rate was decreased. The average operation success rate 
was calculated as 67%. Depth contours that obtain above the av-
erage success rate were defined as efficient. It was observed that 
sometimes the net mouth did not open when hauling the nets at 
shallow water operations (<40 m). That’s way it is understood that 
shallow water did not have enough depth to open the gear. It 
was observed that the brail lines and sinker line were hanging 
out with each other due to increased operation duration in deep-
er water (>140 m). It was found that the relationship between op-

eration depth and operation success rate was statistically signifi-
cant (P<0.05). 

The lowest operation success rate was obtained as 64.7% in Jan-
uary whereas the highest operation success rate was obtained as 
88.9% in October. The average operation success rate performed 
at internal deep contour operations was calculated as 77.3%. 
Months that obtain above the average success rate were defined 
as efficient. The monthly variations in operation success rate are 
given in Figure 4. It was observed that the meteorological condi-
tions (wind, wave and deep flow) affected the operation success 
rate and operation efficiency.

Operation duration
The duration of operation was defined as the time that the deep 
water cast net remained in the water. The duration of operation 
is given in Table 2. The operation duration changed between 4 
and 29 minute in internal depth contours throughout the study. 
As the operation depth increased, the duration of operation in-
creased. A high linear correlation was found between operation 
duration and operation depth (R: 0.915; P<0.05). Deep-water 
cast nets can be used with twin gear if more than one person is 
present on board. In this way, from 24 to 31 percent more opera-
tions can be performed per unit of time.

Meteorological conditions like wind and deep flow affected the 
operation duration. The length of pulling cord was changed ac-
cording to the different meteorological conditions at same 
depth. The number of fishing days was determined by consider-
ing the operation success rate and observed meteorological 
conditions. It was determined that fishing activities with deep 
water cast nets could be conducted 195 days/year, in particular, 
fishing activities reached a peak in summer. Malkoç, Durukanoğ-
lu, & Özer (1995) reported that the average wind speed was low 
in summer in the Eastern Black Sea. Their findings are support 
our findings. 

Table 1.	 The number of operations performed according to depth contours and months

Months
Internal Depth Contours* (40 - 120 m) External Depths Contours* (<40 m and >140 m)

Total
D1 D2 D3 D4 D5 D- D+

Jul.16 16 17 17 17 18 11 9 105
Aug.16 19 16 15 15 18 - - 83
Sept.16 19 15 19 18 18 - - 89
Oct.16 19 17 16 17 18 12 7 106
Nov.16 17 16 17 17 18 - - 85
Dec.16 10 13 16 14 12 - - 65
Jan.17 14 11 13 11 9 10 10 78
Feb.17 11 14 17 11 13 - - 66
Mar.17 11 16 14 16 17 - - 74
Apr.17 14 15 15 17 17 9 11 98
May.17 14 15 13 17 14 - - 73
June.17 14 13 16 15 14 - - 72
Total 178 178 188 185 186 42 37 994

*(D-: <40 m, D1: 40-60 m, D2: 60-80 m, D3: 80-100 m, D4: 100-120 m, D5: 120-140 m, D+: >140)
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Catch efficiency
During the study, a total of 137.9 kg of whiting was caught at in-
ternal depth contours throughout the year. The mean CPUE for 
all operations was calculated as 140 g/operation. Emanet & Ayaz 
(2018) reported the mean CPUE for deep water cast net fishing as 
1.1 kg/operation on the Sürmene coast. The majority (86.7%) of 
individuals were captured between a depth of 60 and 120 me-
ters. Most of the individuals, 47.5 kg (34.5%), were captured at D2 
depth contour (60-80 m). The mean CPUE values in different 
depth contours are given in Figure 5. The lowest and highest 
mean CPUE were established to be 0.04 kg/operation and 0.27 
kg/operation at D5 and D2 depth contours, respectively. It was 
determined that differences among CPUE and operation depth 
were statistically significant (P<0.05). Approximately 0.5 kg of 

Figure 2. The operation success rate and capture rate in internal depth contours.

Figure 3. 	Change of mean operation success rate according 
to depth classes (D-: <40 m, D1: 40-60 m, D2: 60-80 
m, D3: 80-100 m, D4: 100-120 m, D5: 120-140 m, D+: 
>140).

Figure 4. 	The monthly variations in mean operation success 
rate.

Table 2.	 Change of operation duration according to 
depth contour

Depth Contours*

D1 D2 D3 D4 D5

Mean ± 
S.E.

6.4 ± 
0.1

10.1 ± 
0.2

15.3 ± 
0.1

18.7 ± 
0.2

20.9 ± 
0.2

Min. 4 7 11 10 16
Max. 9 16 20 27 29

*(D-: <40 m, D1: 40-60 m, D2: 60-80 m, D3: 80-100 m, D4: 100-120 m, D5: 120-140 

m, D+: >140)
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whiting were caught in 32 successful operations performed at ex-
ternal depth contours (<40 m and >140 m). Although the amount 
of catch per operation seems to be low, it is possible to catch at 
a satisfactory level with repetitive operations in a day. The maxi-
mum catch in an operation was obtained in August with 15.2 kg. 
The lowest CPUE was established to be 0.0007 kg/operation in 

February whereas the highest CPUE was 0.42 kg/operation in Au-
gust. The majority of individuals, 74.4% (101 kg), were captured 
from June to October. The monthly variations in CPUE values 
were significantly different (P<0.05) (Figure 6). 

Akşıray (1954) reported that whiting can exist up to a depth of 200 
m in winter and in shallow waters up to 20 meters. In spite of the 
presence of whiting in external depth contours, the catch efficien-
cy was found to be very low. Based on these findings, it is thought 
the fishing gear is not working in external depth contours. The suc-
cess rate of operations would affect catching efficiency indirectly. 
It is thought that the high deep flows affect the mouth opening of 
the net and narrow the area of influence of the gear. In another 
study, it is stated that hydrographic factors like temperature, salin-

ity and dissolved oxygen affected the distribution of the marine 
species (Uçal et al., 1986). It was determined that there was a 
strong relation between catch efficiency and the level of popula-
tion to depth, operation success rate and hydrographic factors.

Length frequency disribution
In total of 2,950 whiting specimens were measured in the study pe-
riod. The length of whiting changed between 5 and 24 cm. The ma-
jority of the population (70.6%) was composed of individuals in the 
12-17 cm length group. The cumulative rate of individuals with a 
smaller than legal length limit (L.L.L. whiting < 13 cm) was calculated as 
22.4%. The length frequency distribution of the individuals is given 
in Figure 7. The abundance of whiting with a smaller than legal 
length limit were determined at D1, D2, D3, D4 and D5 depth con-
tours as 27.25%, 20.15%, 20.12%, 22.12% and 27.24%, respectively 
(Table 3.). Erdem (2018) reported that size at first maturity was esti-

mated as 10.73 cm for females, 10.95 cm for males and 10.88 cm for 
all whiting specimens. Larger individuals were caught at D2 and D3 
depth contours. From this point of view, it is seen that catching with 
deep-water cast nets is more beneficial at depths between 60 and 
100 meter in terms of fisheries management. 

Catch composition
During the study period, a total of 12 species belonging to 3 
classes, 7 orders, and 12 families were determined in the deep 

Figure 6. 	The monthly variations of mean CPUE values in 
internal depth contours.

Figure 5. 	Change of mean CPUE values according to depth 
(D-: <40 m, D1: 40-60 m, D2: 60-80 m, D3:  80-100 m, 
D4: 100-120 m, D5: 120-140 m, D+: >140).

Table 3.	 Rate of whiting with smaller than legal length 
limit according to depth contour

Depth Con-
tours*

Length Groups

< 13 cm (%) ≥ 13 cm (%)

D1 27.25 72.75
D2 20.15 79.85
D3 20.12 79.88
D4 22.12 77.88
D5 27.24 72.76

*(D1: 40-60 m, D2: 60-80 m, D3: 80-100 m, D4: 100-120 m, D5: 120-140 m)

Figure 7. 	The distribution of length frequencies of the samples 
according to the size classes (L.L.L.: Legal length 
limit).
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water cast net. The catch rate of whiting, as the main target spe-
cies of the study, in the total catch was calculated as 98.8% (N: 
4884 individuals). The proportion of non-target species was 
23.35% of the total catch and 22.4% of this rate consisted of small 
individuals (< 13 cm) of whiting. The catch composition of the 
deep-water cast net is given in Table 4. 

The amount of non-target species caught was found to be very 
low. It is thought that the residence time in water and the narrow 
impact area of gear are determinative for low catch composition. 
Also, it is thought that other species, excluding whiting, had an 
opportunity to escape by seeing the net during the landing. It 
was observed that the captured individuals were not damaged 
and they were turned back to the water and survived. It was ob-
served that the net or accessories were not lost or ruptured for 
any reason. The amount of catch, the species diversity and low 
impact of ghost fishing shows the benefit of the deep water cast 
nets in terms of ecosystem-based fisheries management.

CONCLUSIONS

Our study indicated that the mean CPUE of whiting showed a 
difference depending on the month of the fishing operation 
and operation depth contour class. When the operation suc-
cess is low, the fishing gear does not work efficiently so this sit-
uation leads to loss of time, labor and fishing income. Meteoro-
logical conditions like wind and deep flow affected operation 
success and catch efficiency. The results showed that the 
deep-water cast net did not work effectively in shallow water 
less than 40 m and deeper water over 140 m but it worked bet-
ter in depths from 60 to 120 meters. Also, the catch efficiency 
level was determined to be sufficient from April to November. 
In this period, fishermen can catch about 0.25 kg of whiting per 
operation. It was observed that the larger individuals can be 
caught at depths from 60 to 120 meters. The rate of whiting 
among all individuals was very high  (98.85%) and the number of 
non-target species was found very low (23.35%). It is concluded 
that the deep water cast nets are beneficial for the ecosys-
tem-based fisheries management due to high selectivity, less 
probability of ghost fishing and high survival rate of captured 

fish. New research studies should be performed on the selectiv-
ity and modification of fishing gear. This first specific snapshot 
regarding the deep-water cast net fishing benefits in Ordu can 
be a pathfinder for future studies in the Black Sea region.
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ABSTRACT
The mola carplet, Amblypharyngodon mola (Hamilton, 1822) is the most common small indige-
nous freshwater fish species in Bangladesh. The precise information addressing the reproduction 
in this species including breeding peak, ovarian histology, morphometry, and sex ration in nature is 
still insufficient. A one yearlong filed survey and different laboratory assays have been directed to 
disclose some key features of reproduction in female A. mola from wetland reservoirs in the great-
er Sylhet region in Bangladesh. The total length and the body weight have shown a strong correla-
tion with gonad weight, occupying statistical r2 values of 0.89 and 0.91, respectively. However, a 
Chi-square test at P<0.05 reported no significant deviation in sex ration of the wetland’s stock. The 
maximum fecundity has been reported during the month of May as 12569+620 while the lowest is 
during the month of July as 9377+455. The highest values for gonadosomatic index have been 
reported in May while the lowest is in January with another peak in November. The histological 
study of ovarian cells resulted in the characterization of oocytes, previtellogenic oocytes, vitello-
genic oocytes, perinuclear oocytes, and mature cells with yolk mass. 

Keywords: Amblypharyngodon mola, sex ration, GSI, fecundity, morphometric regression analysis, 
gonadal histology

INTRODUCTION

The mola, Amblypharyngodon mola is one of 
the most popular small indigenous fish (SIF) 
species in Bangladesh, which occupy almost all 
of the shallow freshwater habitats (Mondal & 
Kaviraj, 2013; Mondal et al., 2019). This fish has 
drawn significant commercial and cultural value 
due to its premium nutritional value (Abdulla et 
al., 2004; Alam et al., 2004; Shikha et al., 2019) 
and current adoption as ornamental fish in 
aquarium (Gupta & Banerjee, 2015). Currently 
this species is also subjected to coculturation 
with other cyprinid fish or in traditional pond 
culture technique to supplement domestic 
food supply in South Asian countries (Neetu & 
Seema, 2018). This fish is considered as one of 
the major species to meet the rural nutrition 
supplement and also constitutes the principle 

target of small scale artisanal fishing practices 
in Bangladesh (Bengal et al., 2017). Rich protein 
contents and the abundance of micronutrients 
make this species one of the thriving mediators 
for securing poor people’s nutrition and the 
economy as well (Ahmed et al., 2012; Hossain 
et al., 2017; Kohinoor et al., 1998).

Information regarding the body parameters 
(Khalid et al., 2020), growth factors, and differ-
ent reproductive indices, i.e., hepatosomatic 
index, gonadosomatic index and fecundity etc. 
(Jabed et al., 2020; Jannatul et al., 2015; Rah-
man et al., 2020), serves as key indicators of   re-
productive progression and breeding phase of 
fish (Amzad et al., 2015; Mian et al., 2020; Uddin 
et al., 2017), which are essential for implement-
ing fishery strategies and conservation ap-
proaches (Iqbal & Naeem, 2018; Jannatul et al., 
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2015; Mian et al., 2017). Biometric features of fish are a widely ac-
cepted form of data which bears necessary information about 
the growth, development and stock assessment of the fish 
(Muchlisin et al., 2010). The major quantitative features in fish 
(i.e., total length, body weight, gonad weight, and fecundity) 
provide actual biological modelling of species in a particular 
geographical area (Emre, 2020; Tharwat et al., 2018). The under-
standing on major aspects of wild breeding biology, annual re-
productive peak, breeding season, ovarian maturation phases, 
and fecundity will certainly  help in the future management of 
this species (Ahamed et al., 2017; Uddin et al., 2017). 

MATERIALS AND METHODS

Study area and duration
Fresh and live random samples of A. mola have been collected 
from different fisher landing stations and local markets of the 
Greater Sylhet region of Bangladesh. They were transported in 
insulated ice boxes or in oval fiberglass tanks to bring into the 
Fish Biology and Genetics laboratory of Sylhet Agricultural Uni-
versity, Bangladesh. This research continued for a full-length year 
from July 2019 to June 2020. 

Recording morphometric data
Shortly after bringing them back to the laboratory, all the fish 
were washed well with rinsing freshwater and placed on thick tis-
sue towels to reduce the access of water and mucous content 
within them. Then, the total length and weight of each fish was 
calculated by using scale (a mm stainless-steel scale attached on 
a specially designed wooden structure) and electric balance 
(Ohaus corp. Pine Brook, NJ USA), respectively. Sexual recogni-
tion of each fish was confirmed by following the dissection of 
their gonad, which was weighted and recorded immediately. 

Measurement of gonadosomatic index (GSI) and Fecundity
The value of gonadosomatic index for each fish was calculated 
by using the below formula (Brooks et al., 1997)

Gonadosomatic index (GSI) = (Weight of gonad (g)/ Total body 
weight (g)) ×100

Fishes collected during the early to late monsoon season was 
subjected to the calculation of fecundity. Gravid female fish were 
selected for fecundity, and Gilson’s fluid was used to lessen the 
oocytes. Finally, absolute fecundity was calculated by using the 
description of Rahman & Samat, (2020).

The fecundity, F = n × G/ g, where “n” denoted the average 
number of eggs counted in sub-sample, “G” is net weight of the 
gonads, and “g” is the weight of the sub-sample.

Histology of gonad
The samples from the ovaries were chopped into small pieces 
and preserved in neutral buffered formalin. The standard proto-
col for gonad histology described by Van-Dyk & Pieterse, (2008) 
was followed for the preparation of histology slides. Tissues were 
embedded and infiltrated in Paraffin, and the resulting blocks 
were formatted into 3 micrometer slides. Finally, hematoxylin-Eo-
sin staining accompanied the samples to view the cell with a 
Zeiss microscope (software version 3.0 pro).

Data analysis 
The raw data were recorded on excel sheet before further analy-
sis. Data were analyzed by using IBM SPSS Statistics v26 and a 
one-way ANOVA was tested at P<0.05 to measure the difference 
between mean values.

RESULTS AND DISCUSSIONS

The ratio between female and male fishes of A. mola in the wild 
natural wetland of the Greater Sylhet region does not vary signifi-
cantly between months. However, the lowest male to female ratio 
was accounted in May (1:0.6), followed by January, July, and No-
vember (1:0.7), and by March, August, September, and December 
(1:0.8) (table 1). In contrast, the maximum value for the male to fe-
male ratio was observed during the month of October (1:2.03), 
followed by February, June (1:1.5) and April (1:1.3) (Table 1). 

The body weight (mg) data was plotted against the correspon-
dent of total length (cm) data to disclose the regression analysis 
of above morphometry. The regression line shows a strong cor-
relation between body weight and total length of A. mola in the 
natural wetlands of Northeast Bangladesh with a r2 value of 0.89. 
It shows that about 89 percent of fish showed increasing weight 
in relation to total length or vice versa (Figure 1). Again, fecundi-
ty was also found to have a very strong correlation with increas-
ing body weight of fish, occupying an estimated r2 value of 0.91, 
showing that large fish tend to have more fecundity than smaller 
ones (Figure 2.A). However, the values of the total length show 
very minor and nonsignificant correlations with ovarian weight 
(Figure 2.B). The gonadosomatic index of A. mola in the natural 
wetlands of Sylhet, Northeast Bangladesh were reported to be 
very distinctive on a month-wise distribution. The highest GSI 
value was recorded in May (16.66) and then fell to 12.58 in June 
(Figure 3). The two peaks in GSI value were noticed once in May 

Table 1.	 Analysis (Chi-square test, P<0.05) of sex ration 
of A. mola 

Month
Total Female Male χ2- 

value
Ration 
(M: F)Sample No. % No. %

Jan 20 12 60 08 40 1.2 01:00.7

Feb 25 10 40 15 60 1.2 01:01.5

Mar 30 16 53 14 47 0.14 01:00.8

Apr 30 13 43 17 57 0.54 01:01.3

May 30 19 63 11 37 2.13 01:00.6

Jun 25 10 40 15 60 1.2 01:01.5

Jul 20 12 60 08 40 1.2 01:00.7

Aug 30 16 53 14 47 0.13 01:00.8

Sep 30 16 53 14 47 0.13 01:00.8

Oct 30 10 33 20 67 3.33 01:2.03

Nov 30 17 57 13 43 0.53 01:00.7

Dec 30 16 53 14 47 0.13 01:00.8
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and another in November 8.54 (Figure 3). The female A. mola in 
the natural wetlands of Sylhet, Northeast Bangladesh have been 
reported as an intermediate fecundated species. The highest fe-
cundity was observed during the month of May as 125689+620, 
followed by 11172+160 in August and 10531+305 in June (Figure 
4). However, the lowest fecundity was accounted during July 
9377+455, followed by 9947+55 in September (Figure 4). 

The histological analysis of ovarian tissue resulted in the occur-
rence of oocytes and pre-vitellogenic oocytes as the initial phase 
of gonadal maturation (Figure 5.A). At the end of primary devel-
opment phase, the nuclear mass of the cell tends to migrate to-
ward the periphery, termed as perinuclear oocytes (Figure 5.B). 
Mature vitellogenin oocytes are characterized by the presence of 
yolk globules and yolk vesicles in the cell (Figure 5.C).

The sex ratio for a particular of the species would be different in 
response to habitat, fishing strategies, and harvesting method 
also (Oh et al., 2008). A study by Das et al., (2018) recorded sex 
ration of 1 : 2.05 for A. mola in Dekar Haor of Sunamganj, Bangla-
desh while a  1:3.04 male to female ratio was reported by Gupta 

Figure 2. 	Relation between A. body weight and gonadal 
weight, B. total length and gonadal weight of A. 
mola in Sylhet, Northeast Bangladesh.

Figure 3. 	Gonado-somatic index of female A. mola.

Figure 4. 	Variation in fecundity of Amblypharyngodon mola in 
Sylhet, Northeast Bangladesh.

Figure 1. 	Length weight relationship of A. mola in Sylhet, 
Northeast Bangladesh.
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& Banerjee (2013) for the natural wetland of Baruipur, West Ben-
gal, and 1.00:2.078 was recorded by Azadi & Mamun (2004) at the 
Kaptai Reservoir in Bangladesh. Current research is supportive of 
the previous study by Ahmed, et al., (2017), who had reported 
male to female ratio ranges between 1:1.14 to 1.32 in the Payra 
River of  southern Bangladesh.

Morphometric studies of fish provide beneficial information to-
wards the better understanding of the maturity and life history of 
particular species (Hossain et al., 2006). Previous research by Gupta 
& Banerjee (2015) observed a regression correlation value of 0.913 
for female A. mola it freshwater from West Bengal, India, while  
Nawer et al. (2018) reported a r2 value of 0.93-0.96 for the same spe-
cies in the Ganges River, Northwestern Bangladesh. All the above 
studies closely stand with the present findings for A. mola in the 
Greater Sylhet region, Bangladesh. The fecundity of fish was re-
ported to be  boosted with fish size (Jannatul et al., 2015); the rela-
tion between fecundity and body weight might have shifted drasti-
cally during the onset of breeding season due to dramatic modifi-
cation of egg size (Rai et al., 2018). A positive correlation between 
fecundity and body weight was reported for several, i.e., r2 = 0.77 
for Xenontedon cancila from Assam, India (Borthakur, 2018), r2 = 
0.75 for Mystus cavasius (Hamilton) from Brahmaputra and Kongsa 
river, Bangladesh (Islam & Das, 2006), r2 = 0.87 for Oreochromis Ni-
loticus from Balochistan (Kausar et al., 2019), and r2 = 0.79 for cypr-
inid fish Labeo calbasu at Faridpur, Bangladesh (Kabir & Quddus, 
2015). The present study also revealed a similar trend of morpho-
metric correlation, and slight variations are raised because of differ-
ences in study location, season, and sampling strategies.

The values of gonadosomatic indices act as potential  marker for 
addressing the gonadal development stage, maturity, and 
breeding peaks of individual fish species (Hasan et al., 2018). 
Gupta & Banerjee (2013) had identified two distinguished  GSI 
peaks for A. mola in west Bengal, India, one in June and another 
one October, and reached the second peak in November while a 
single peak in July had been observed by Mondal & Kaviraj, 
(2013) in the floodplain lakes of India. The lowest GSI value had 
been observed  in January while highest value was in  June for 
the same species from Bengal, India (Pal & Mahapatra, 2016). 
Two peaks in June and November and the lowest value in Janu-
ary had been documented in South Bengal, India (Pal and Maha-
patra, 2016). Multiple peaks revealed that this species might 
spawn several times within year. The deviation of peaks in the 
current research might vary due to the study’s geography and 
sampling strategies. The fecundity of a species depends upon a 
variety of intrinsic factors, environmental features, and nutritional 
properties of the diet (Alam et al., 2004; Kohinoor et al., 1998; 
Mian et al., 2020), and accurate knowledge in fish fecundity helps 
in regulating harvesting quotas and also provides key roles in 
aquaculture and fishery management (Kant et al., 2016; Tracey et 
al., 2007). The fecundity of mature female of A. mola ranged be-
tween 3785 to 12590 oocytes in floodplain water of India (Mondal 
& Kaviraj, 2013), 1,548–4,020 oocytes in the natural waters of  
South Myanmar (Kulabtong, 2016),  varied between 1,280-13,679 
in the Kaptai Reservoir in Bangladesh (Azadi & Mamun, 2004), 
and fluctuated between 1652 to 15,985 in the Ganges River of 
Bangladesh (Rahman et al., 2018). The findings of present re-
search are also strongly supported by above previous results.

A

B

C

Figure 5. 	Different stages of development in ovarian cell of A. 
mola (O-oocytes stage, PVO-previtellogenic stage, 
PNO-perinuclear oocytes, YV-yolk vesicle, YG-yolk 
globules.
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Ovarian histology provides essential data for predicting the repro-
ductive success and peak in several fish species (Alonso-Fernán-
dez et al., 2011; Emam & Abughrien, 2014; Jabed et al., 2020). Pre-
vious studies on different fish species revealed a characterization 
of oocytes and previtellogenic oocytes during the initiation of re-
productive peak (Guraya et al., 1975; Viana et al., 2018). As the de-
velopment process goes onward, the size of ovum and yolk glob-
ules increases (Murata et al., 2014; Quagio-Grassiotto et al., 2014). 
However, the simultaneous occurrence of different development 
stages also indicate the nature of several spawning peaks in this 
fish (Amzad et al., 2015; Jabed et al., 2020), which is also aligned 
with their multiple peaks in GSI values.

CONCLUSIONS AND RECOMMENDATIONS 

This research has disclosed a set of necessary information re-
garding the reproductive aspects of A. mola from the natural 
wetlands of the Greater Sylhet region of Bangladesh. The above 
information might be used in the aquaculture development, wild 
stock management, and conservation of this fish in Bangladesh. 
However, broad studies with the collection of samples from dif-
ferent areas within the country would reflect actual trends of the 
reproduction in this fish.
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ABSTRACT
The issue of the equivalence of the physical parameters of the working medium in the heat-treat-
ment zone of fish and meat products is solved by organizing uniform high-speed fields of the 
working medium in the working area, which is ensured by the corresponding design. The aerody-
namic characteristics of a double-sided centrifugal blower fan with a vertical arrangement of the 
drive shaft and a spiral scroll with two outlet openings, the outlines of which were carried out ac-
cording to the design square rule, provided that the opening and width of each outlet was equal 
to the half-opening and half-width of the outlet of the spiral case of the industrial prototype, were 
investigated. When testing the aerodynamic characteristics of a double-sided blower, the identi-
ties of the full and dynamic air pressure developed by the fan at all points of the measured 
cross-section of each of the two oppositely directed outlet pipes are established to be identical, 
which indicates the equalization of air flows. In this case, the dimensionless ratio of the cross-sec-
tional areas of the equistatic pressure duct to the initial pressure is 0.20, and the cross-sectional 
area for the air passage of the heat exchanger, conditionally being the perforated base of the duct, 
was 0.0978 m2. The test results confirmed the reliability of analytical calculations and the feasibility 
of using these fans, which reduces energy consumption, a specific quantity of metal, and the cost 
of equipment in general. 

Keywords: Fish and meat products, Aerodynamic characteristics, Double-sided blower fan, Equi-
static pressure duct, Convection, Thermal unit 

INTRODUCTION

Despite the widespread use of equipment for 
the food industry at numerous enterprises of this 
profile, the issue of updating the machinery and 
equipment fleet and the technical improvement 
of such equipment has been rather outside the 
field of view of scientists and specialists for years, 
negatively affecting the development of the 
Ukrainian industry in the above-mentioned in-
dustrial sectors. Among the primary issues to be 
solved is the energy efficiency of said equipment 
(Kovalenko et al., 2020). The heat treatment pro-
cess is among the principal operations of fish 
and meat products’ manufacturing technology, 
said process being carried out by the method of 

convective heat supply to the product in modu-
lar type rooms (thermal units) (Ivashov, 2007; Be-
lova et al., 2013, Urazov, 2015), thermally insulat-
ed from the external environment. However, lit-
erature sources on the processes that occur 
during this processing are rather rare and frag-
mented. In particular, the food safety issues of 
the process are disclosed in (Usatenko et al., 
2019a), the issues of rationalizing the working 
area of thermal units are considered in (Pöhl-
mann et al., 2013), the influence of the working 
elements of the thermal unit on the temperature 
field inside it is described in (Pöhlmann et al., 
2012), and the features of the effect of the de-
sign of the thermal unit on the nature of the on-
going heat exchange processes are described in 
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(Ledesma et al., 2016). The problems of the effective supply of the 
working medium to the working zone of a thermal unit, as well as 
the effective distribution of the specified medium in the space 
filled with the product being processed, are given in (Alakali et al., 
2017). The structural elements of a thermal unit, which provide the 
dynamic process of formation of the smoke-air mixture during the 
smoking of food products of animal origin, are described in (Adey-
eye, 2019). In particular, a properly selected fan plays an important 
role in ensuring uniform heat transfer and mass transfer in the 
working volume of the thermal unit during the heat treatment of 
the above-mentioned products (Adepoju et al., 2018). The impor-
tance of continuous effective temperature regulation and of main-
taining a certain relative humidity of the working environment 
during the heat treatment is described in (Škaljac et al., 2018).

An obligatory element of the regulation of the technological pro-
cess in the working area of a thermal unit is to check the unifor-
mity of the air supply and its distribution, as well as temperature. 
The check should be carried out both at normal ambient and at 
elevated temperatures. When the air heats up, its volume in-
creases, and thus, the circulation fan supplies the same amount 
of air (by volume) into the chamber but the amount is less by 
weight. Controlling the flow of hot air is much more complicated 
than controlling the flow of heavier cold air. For this reason, the 
balancing of air flows inside the chamber should be carried out 
both at a colder ambient temperature, as well as at an elevated 
temperature. Both temperature and air velocity are determined 
at various points inside the chamber. In case of significant devia-
tions, it is necessary to adjust the distribution system of air flows 
in the working volume (Waters, 2010) in a proper way.

As a rule, one of the technological processes carried out in in-
dustrial universal thermal units is the smoking of fish and meat 
products, which involves processing the product with a smoke-
air working environment. The nature of this process depends on 
the composition of the smoke-air mixture, its temperature, hu-
midity, and density, as well as on the speed and technical imple-
mentation of its supply, the distribution efficiency in the working 
volume of the chamber, and the design of the units supplying the 
smoke-air mixture into the chamber (Kubiak et al., 2014; Kubiak 
& Jakubovski, 2013; Sikorski & Kołakowski, 2010). Factors that de-
termine the achievement of the required sensorial and chemical 
properties of the smoked product are such parameters as tem-
perature, density, and the intensity and rate of mixing smoke and 
air in the working area of the chamber during the entire process 
(Kubiak & Jakubowski, 2010a; Kubiak & Jakubowski, 2010b). The 
required regulation of the production cycle, in particular smoke 
flows – air mixture, when processing fish and meat in a heat 
chamber is facilitated by innovative microprocessor technology 
(Kubiak et al., 2014).

As can be seen from the above, the most important condition 
of the heat treatment process carried out in thermal units is the 
equivalence of the physical and chemical parameters of the 
working medium flowing around each product unit taken from 
the number of product units processed simultaneously (Kosoy 
et al., 2018; Bondarenko, 2013), which is possible with the uni-
formity of the velocity fields of the working medium in the heat 
treatment zone.

The solution of this problem, as a rule, narrows down to the de-
velopment of an effective aerodynamic system composed of 
such basic elements as: a fan, air ducts, heat exchangers, and a 
control system, with the help of which the necessary physical and 
chemical parameters of the working medium recirculated in a 
turbulent mode within the volume of the heat chamber with the 
product are being maintained (Study, 1994). At the same time, 
along with the fundamental requirement for the process – ensur-
ing high quality of finished fish and meat products, the econom-
ical component related to reducing energy consumption, metal 
consumption, and, accordingly, costs shall be considered.

Among the most important issues when solving the problem is 
the fan, forcing air to move in the confined space of the working 
chamber; the aerodynamic characteristics of the said fan sub-
stantiate the efficiency of the heat applied to the fish and meat 
products by means of convection. The fan motor, when overcom-
ing the resistance of the elements of the aerodynamic system, 
consumes a significant amount of electricity in the operating 
mode. Therefore, the selection of a recirculation fan is usually 
carried out after conducting comprehensive studies of the effec-
tiveness of convective heat transfer processes, allowing for the 
structural and functional features of all elements of the aerody-
namic network. The design features of the network elements, 
their interaction and orientation relative to each other, are the 
basics to determine the preparation of the working medium 
flows and its uniform dispersal throughout the chamber filled 
with the product, in accordance with the given technological pa-
rameters.

The formation of the working medium flows identical in physical 
parameters in the working volume of the chamber begins direct-
ly after the recirculation fan, when the continuous working medi-
um flowing from its discharge pipe should be divided into two, 
both being identical but opposite to the peripheral sides of the 
chamber. Further, using the duct system, the flow geometry is 
transformed to obtain free or limited flooded jets at the entrance 
to the heat treatment zone of the product, the said jets being 
equivalent in aerodynamic characteristics.

When procuring thermal units, taking into account the significant 
aerodynamic drag of the system, industrial centrifugal high-pres-
sure fans are usually used, both with a case and, less often, with-
out one. The number of the first ones, as a rule, is doubled on 
each module, using an equal number of left and right fans and 
organizing, at the same time, their work in a cyclic mode (Kubiak 
et al., 2014; Smyshlyaev, 2004). This allows the avoidance of the 
operation of dividing the flow into two oppositely directed flows. 
As practice shows, this negatively affects the longevity of fan mo-
tors – due to the presence of periodically repeating starting 
loads.

The disadvantage of the fans without cases consists in their 
low-pressure aerodynamic characteristics, and the fact they pro-
vide neither the efficiency of heat removal from heat exchangers 
nor the necessary kinematic parameters of the working medium 
in the working volume of the chamber (Study, 1994).
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STUDY OBJECTS AND METHODS

This work aims at the development of a double-sided blower fan 
and equistatic pressure ducts to improve the air distribution sys-
tem in the chambers intended for the heat treatment of fish and 
meat products.

The objects of study are the aerodynamic characteristics of a 
centrifugal double-sided blower fan and the geometric charac-
teristics of air ducts of equal pressure as the main elements. de-
termining the nature of the movement of air within the working 
volume of thermal units.

Taking into account sufficiently significant hydraulic resistances 
of the elements of the aerodynamic system (calculated data) and 
technological assumptions regarding the velocity of the working 
medium near the product (~ 2 m / s), the industrial centrifugal fan 
VTs 14-46-4 was adopted as a prototype when developing a dou-
ble-sided blower, equipped with an electric motor of the AIR-
100L6T1 series with a power of N = 2.2 kW and n = 1000 rpm. The 
rated capacity of the fan is V ≈ 6000 m3 / h, pressure Р ≈ 670 Pa. 

The new fan unit was fitted up based on the use of the impeller 
and electric motor of the above-mentioned prototype fan. The 
unit casing was a double-sided spiral scroll specially designed for 
this case (Figure 1), the outlines of which were carried out ac-
cording to the rule of design square [22]. Moreover, the opening 
and width of each of the two outlets was equal to the half-open-
ing and half-width of the outlet opening of the VTs 14-46-4 fan 
spiral casing, and the total size of the measured cross-sectional 
areas of the outlet openings was equal to the measured cross-sec-
tional area of the prototype outlet.

When developing the design of the new fan blower, a vertical ar-
rangement of the elongated drive shaft of the electric motor was 
provided in a special way, which allowed the latter to be moved 
outside the hot zone of the chamber (the temperature of the 
working medium is up to 100 °C), thereby avoiding the phenom-
enon of systematic overheating of bearings, significantly reduc-
ing their service life.

To conduct in situ tests of the objects of study, on the basis of an-
alytical calculations – caloric and hydraulic resistances with a si-

multaneous outline study of the elements of the aerodynamic 
system (Solomakhova, 1975; Idelchik, 2013; Grimitlin, 1994), an 
experimental module of the heat treatment chamber was made, 
the diagram of which is shown in Figure 2.

The module was arranged according to the principle of symme-
try with the axis of symmetry of the module coinciding with the 
central axis of the cylindrical suction pipe of the recirculation fan 
1. In this case, the design of the right side of the module relative 
to the suction pipe of the fan was a mirror image of the structure 
of the left side. The outlet (pressure) pipes of the fan with welded 
cylindrical nipples 2 (Figure 2) are inextricably connected by 
means of connecting rotary air ducts 3 with equistatic pressure 
ducts 4 and bimetallic heat exchangers 5.

Each of the aforementioned elements of the aerodynamic net-
work functionally complemented each other to obtain the uni-
form dispersion of the flow of the working medium along the 
sides of the module and, further, its uniform supply to the heat 
treatment zone of the product. So finned bimetallic heat ex-
changers, in addition to their direct function of heating the air, 
also served as the perforated base of the equistatic pressure 
ducts 4, or, in other words, as the distribution grid for the air flows 
flowing from these ducts. The total calculated aerodynamic drag 
of the system elements was approximately 550 Pa (Idelchik, 2013; 
Pozin et al., 1996), which corresponded to the certified value of 
the pressure developed by the analogue fan.

The uniformity of air flow distribution along the length of each equal 
pressure duct 4 (Figure 2) was established by changing the angle of 
inclination of its movable upper generatrix 2 (Figure 3) to the base. 

Figure 1. 	Diagram of a double-sided fan blower with the 
location of pressure measuring points in measured 
sections of outlet pipes: A – left; B – right.

Figure 2. 	Scheme of the experimental setup module: 1 – 
centrifugal fan for double-sided blowing; 2 – 
cylindrical nipples with plugs; 3 – connecting 
turnable duct; 4 – equal pressure duct; 5 – finned 
bimetallic heat exchanger.
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The base of the air duct was a heat exchanger with a corridor ar-
rangement of finned tubes 3 (Figure 3) and the cross-sectional area 
for air passage - 0.0978 m2. The design of the heat exchange surface 
was created by casting molten aluminum onto a hot rolled steel 
pipe. With the height of the aluminum fin h = d0 and its efficiency E 
= 0.77, the heat transfer coefficient, taking into account the deposi-
tion of smoke components on a bimetallic surface with a thickness 
of about 1 mm, amounted to k = 42.6 W / m2  К, and the maximum 
aerodynamic resistance - 144 Pa. The high thermal characteristics of 
the heat exchanger significantly reduced its metal consumption, 
and the insignificant aerodynamic drag contributed to a decrease in 
the power of the recirculation fan electric motor. Equal pressure of 
air distributed along the length of air duct 1 (Figure 3), in the case of 
changing the type of heat exchange surface, is ensured by using a 
perforated bottom with the cross-section for air passage equal to 
the free section of the heat exchanger.

To determine the rational geometrical parameters of the equal 
pressure duct, a generalizing dimensionless parameter was used, 
the value of which was calculated as the ratio of the cross-sectional 
area of the equal pressure duct - the final (variable) area to the initial 
(unchanged and commensurate with the geometric parameters of 
the corresponding output section of the fan discharge pipe):

     

(1)

where: FM.S.F. - the cross-sectional area of the duct at its end; FM.S.I. 
- the cross-sectional area of the duct at its beginning.

The rationality of the layout of the centrifugal double-sided fan of 
the applied electric motor was carried out in the operating mode 
by measuring the current consumption using the K-50 measuring 
set, the measurement limit was 1.0–600.0 A, accuracy class ± 0.5 A.

The measurement of the velocity of the air flow in the measured 
sections of the blow pipes of the fan and blow ducts was investi-
gated using: hand induction anemometer ARI-49, measurement 
range 1.0 ÷ 30.0 m / s, accuracy ± 0.5 m / s; cup anemometer MS-
13, measurement range 1.0 ÷ 20.0 m / s, accuracy ± (0.1 + 0.05) 
m / s and electrothermal anemometer - TA-LIOT, measurement 

range 0.0 ÷ 5.0 m / s, accuracy ± (0.1+0.05) m/s. The pressure was 
measured using a combined pneumometric fitting with a cylin-
drical head (correction coefficient of the bevel of the fitting 
during calibration of kn = 0.95±1.0) and the differential alcohol 
micromanometer MMN-240 (5) -1.0, accuracy class 1.0.

The proportionality of the aerodynamic characteristics of the air 
flows generated in the double-sided blower was determined on 
the basis of a comprehensive comparative study of the total and 
dynamic pressure in the equal-sized and equal-distant from the 
impeller measured sections of and pressure ducts opposite the 
fan axis at the same temperature and humidity and avoiding 
leaks and suction from the outside. To fix the receiving part of the 
combined pressure measuring transducer perpendicularly to the 
flows of air leaving the pipes, cylindrical fittings with plugs 2 (Fig. 
2) were welded at characteristic numbered measuring cross-sec-
tion points (Figure 1 – A and B).

The average air pressure at the characteristic points of the mea-
sured sections was calculated by the formula:

     
(2)

where: n is the number of measurements; i - type of measured pres-
sure (static, dynamic, full) at the corresponding characteristic point.

The average air flow rate over the measured section of each 
pressure pipe of the fan was determined based on the average 
value of the dynamic pressure in the corresponding section:

     
(3)

where: ρ is the air density, kg / m2.

The volume of air flowing over the measured cross-section of 
each pressure pipe of the fan was calculated by the formula:

     
(4)

where: F is the measured cross-sectional area equal to 0.0375 m2 
for this particular case.

RESULTS AND DISCUSSION

The results of field and analytical studies of the aerodynamic char-
acteristics of a centrifugal double-sided fan are shown in Table 1.

An analysis of the results of analytical and full-scale studies of 
the aerodynamic characteristics of the developed double-sided 
blower (Table 1) indicates a fairly complete identity of the signif-
icant parameters characterizing the alignment of air flows and a 
decrease in the effect of turbulence in the output measured 
sections of each of the two oppositely directed blow pipes. The 
discrepancy between the pressure indicators (full and dynamic) 
in the left and right outlet openings of the blow pipes was with-
in the accuracy limits of measuring instruments and can be ex-
plained by an insufficiently perfect impeller balancing quality.

Figure 3. 	Diagram of the blowing ducts of the aerodynamic 
network: 1 – connecting turnable duct; 2 – the 
movable upper duct of the equal pressure duct; 3 – 
heat exchanger.
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The results of measuring the current consumed by the electric 
motor in the operating mode of the current showed that its actu-
al value corresponded to the nominal value - 5.4 A, and the fan 
performance was 1.68 m3 / s (6059.0 m3 / h), which is comparable 
with the certified technical characteristics of the centrifugal in-
dustrial fan VTs 14-46-4, taken as a prototype.

The averaged data on the study of the physical characteristics 
and uniformity of the distribution of air flows along the length of 
each of the two equal pressure ducts 4 (Figure 1), depending on 
the value of the generalizing parameter, are shown in Table 2. 
The measurements were carried out in measured sections at the 
outlet of the heat exchangers 5 (after straightening the flows) ev-
ery 0.1 m with the length of each duct and, accordingly, the heat 
exchanger equal to 1.0 m

Based on an analysis of the results of studying air flow velocities 
along the length of air ducts for different values of the generalizing 
parameter, it was found that the best uniformity of air distribution 
and, as a result, more efficient heat removal from the heat ex-
changer is achieved with the value of the generalizing parameter:

     

(5)

The data obtained served as the basis for halving the number of 
fans when completing thermal units: replacing the two left and 
right VTs 14-46-4 twin industrial centrifugal fans, alternately 
switched on during operation, with one double-sided fan. At the 
same time, to improve the uniformity of the dispersion of air 
flows along the sides of the chamber, it was envisaged to tie the 
fans with equistatic pressure ducts, structurally made in accor-
dance with the calculated value of the generalizing dimension-
less parameter equal to 0.20 and the use of finned heat exchang-
ers that functionally perform the role of the perforated bottom of 
the duct, and heat source for heating the flowing air.

The successful implementation of these technical solutions took 
place when creating the designs of universal heat chambers and 
cooling chambers for food products that are produced by the 
machine-building company “VI-VA LTD” (Ukraine) and resulted 
in a rather significant reduction in metal consumption and equip-
ment and operating costs in general (Usatenko et al., 2019b).

CONCLUSION

Thus, oppositely directed compact flows of the working medium 
with the same aerodynamic characteristics were obtained using 
the developed double-sided fan with a vertical drive shaft and a 
spiral scroll with two outlet openings, the outlines of which were 
made according to the design square rule, provided that the 
opening and width of each outlet were equal to the half-opening 

Table 1.	 The results of analytical and full-scale studies of aerodynamic characteristics of a double-sided centrifugal fan.

Aerodynamic  
characteristics of fan

Measurement points numbers in measured sections Average 
value1 2 3 4 5 6 7 8 9 10 11 12

Pressure in measured section of the left blow pipe, Pa
full, Рf 372 321 372 372 321 310 372 321 310 321 321 310 340.0
dynamic, Рd 319 292 319 319 292 266 319 292 266 292 292 266 301.0

Pressure in measured section of the right blow pipe, Pa
full, Рf 372 321 371 371 321 310 372 321 310 321 321 310 339.8
dynamic, Рd 319 292 318 318 292 266 319 292 266 292 292 266 300.8

Average air flow velocity in measured section of the left blow pipe, m / s 22.40
Average air flow velocity in measured section of the right blow pipe, m / s 22.38
Calculated value of air volume flowing in measured section of the left blow pipe, m3 / s 0.842
Calculated value of air volume flowing in measured section of the right blow pipe, m3 / s 0.841
Average calculated performance of the double-sided blowing fan, m3 / s 1.68
Average current consumed by fan electric motor, A 5.4

Table 2.	 Averaged data of the study of physical characteristics and uniformity of distribution of air flows formed in 
equistatic pressure ducts depending on the value of the generalizing parameter.

Generalizing 
parameter

...

...

ISM

FSM

F
F

F =

The volume of air 
pumped by the fan 
over a measured 

cross-sectional area 
Fm.s.i. m

3/s

The average air  
velocity in a mea-

sured cross-sectional 
area Fm.s.i., m/s

The average air velocity 
in a measured section at 
the outlet of the finned 

heat exchanger, m/s

The uniformity of the 
distribution of air flows 
along the length of the 

duct of equistatic  
pressure, %

0.15 0.84 ± 0,01  21.0 ± 0,1 8.6 ± 0,1 2.3
0.20 0.84 ± 0,01  21.0 ± 0,1 8.6 ± 0,1 1.0
0.25 0.84 ± 0,01  21.0 ± 0,1 8.6 ± 0,1 4.5
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and half-width of the outlet of the spiral casing of an industrial cen-
trifugal prototype fan. This allowed to halve the number of recircu-
lation fans equipped with each module of the thermal unit.

The uniform distribution of the working medium flows along the 
side walls of the module, before it enters the product heat treat-
ment zone, was achieved due to the design features and the rel-
ative positioning of the elements of the aerodynamic system – 
equistatic pressure ducts and finned bimetallic heat exchangers.

It was established that the configuration of the heat chamber 
with the created elements of the aerodynamic system contrib-
utes to the improvement of the kinematic component of the pro-
cess of bringing heat to fish and meat products by forced con-
vection while reducing the metal consumption, energy con-
sumption, and the cost of the equipment as a whole.
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ABSTRACT
The biochemical compositions and the changes observed in alkaline, neutral and acid protease 
activities of Artemia enriched with commercial emulsion and different additive combinations were 
determined. Artemia nauplii (ArtN), GroBiotic-A (GA), Red Algamac (RA), Red Algamac:GroBiot-
ic-A (50:50) (RA:GA (50:50)), Spirulina (SP), Spirulina:Red Algamac (50:50) (SP:RA (50:50)), Spiruli-
na:GroBiotic-A (50:50) (SP:GA (50:50)) and Spirulina:Red Algamac:GroBiotic-A (33:33:33) (SP:RA:GA 
(33:33:33)) were tested in the study. The lowest and highest protein contents after the enrichment 
of Artemia were 40.74±1.02% (RA) and 55.03±1.26% (SP:RA:GA (33:33:33)), respectively. The lowest 
lipid contents of tested groups were found in 5.63±0.47% (GA) and 5.63±0.84% (RA:GA (50:50)). 
The highest lipid value after the enrichment were observed in 16.98±1.15 % (RA). The lowest and 
highest ash values observed after the enrichment were 4.51±0.27% (SP:GA (50:50)) and 6.07±0.35% 
(RA) (p<0.05). The lowest and highest protease activities of the pH=3, pH=4, pH=5, pH=6, pH=7 
and pH=8.5 values were 18.18±0.37 U/mg protein (GA), 31.04±0.38 U/mg protein (RA), 9.1±0.32 U/
mg protein (SP), 9.66±0.19 U/mg protein (SP), 16.94±0.61 U/mg protein (SP), 63.09±0.75 U/mg 
protein (SP) and 33.77±0.59 U/mg protein (RA:GA (50:50)), 57,54±0.34 U/mg protein (RA:GA 
(50:50)), 23.75±0.28 U/mg protein (GA), 40.82±0.49 U/mg protein (GA), 69.94±0.65 U/mg protein 
(GA), and 286.14±8.2 U/mg protein (GA) (p<0.05). In conclusion, GA and SP:RA:GA (33:33:33) en-
richment combinations are recommended as an alternative to enrichment products. On the other 
hand, SP and RA should not be used alone due to the disadvantages such as the biochemical 
composition and proteolytic enzyme activities of Artemia observed in the present study. 

Keywords: Artemia, enrichment, GroBiotic-A, biochemical compositions, enzymes 

INTRODUCTION

Fish larvae are strongly dependent on the ex-
ogenous enzymes of live foods used in the 
feeding protocols due to a poor development 
of the digestive system. The contribution of ex-
ogenous enzymes to the digestive system of 
larvae is an important issue in aquaculture. 
When the larvae begin to feed, their digestive 
enzyme activities are alkaline. Acid proteases 
towards the end of the critical larval stage are 
important in digestion. This information about 
the digestive physiology of larvae is important 
for the utilization of microdiets in the digestive 

system. According to the mentioned data, pro-
tease activities are indicators for determining 
the digestive ability of larvae (Diken, Demir & 
Naz, 2019). 

Feeding protocols are of critical importance for 
aquaculture. The larval stages need live food 
such as Artemia due to the digestive enzymes 
contributed to the digestion of nutrients. Al-
though Artemia is not a natural food such as 
copepods for marine fish larvae, it is an import-
ant food source in the larval stages of aquacul-
ture. The alkaline enzyme activity of Artemia 
metanauplii (ArtMn) is higher than that of Arte-
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mia naupli (ArtN). This shows that live food exogenous enzyme 
contributions will change according to the developmental peri-
ods of live foods and larvae. Therefore, the exogenous enzyme 
contributions by the live foods offered to the fish needs to be 
considered in combination with their dietary nutrition and/or en-
richments used in their culture (Naz & Yufera, 2012).

Live food enrichment should be done to meet the nutritional re-
quirements of fish larvae (McEvoy et al., 1998). It is known that 
enriching products contain high amounts of essential ingredients 
for larval feeding. However, these products exhibit large differ-
ences in primary nutrients, such as proteins, lipids and ash. In ad-
dition, the different forms of enrichment products could effect 
the biochemical composition of live food. The enrichment pro-
cess of Artemia is one of the most important applications in 
hatcheries. The enrichment techniques for Artemia are well de-
veloped in the aquaculture sector. Efficient enrichment tech-
niques contribute to the production of high-quality live food. 

Nakagawa & Montgomery (2007) reported that Spirulina is one 
of the most frequently used algae in diets due to valuable ingre-
dients such as high protein and fatty acid content. Several stud-
ies have been carried out using dried Spirulina as feed additives 
(Jaime-Ceballos, Villarreal, Garcia, Perez-Jar & Alfonso, 2005; 
Hanel, Broekman, de Graaf & Schnack, 2007; Dernekbasi, Unal, 
Karavucel & Aral, 2010; Ghaeni, Matinfar, Soltani, Rabbani & Vo-
soughi, 2011). Cho, Hur & Jo (2001) showed the effect of nutri-
tional enrichment of live foods by w-yeast, Spirulina powder and 
Super Selco TM on survival and growth rates of rockfish larvae. 
Rocha, Garcia & Henriques (2003) indicated that microalgae are 
recognized as excellent sources of proteins, carbohydrates, lip-
ids and vitamins. Senthil, MaruthuPandi, Kumar, Devi & Balasu-
bramanian (2012) used algae such as Nannochloropsis sp., Chlo-
rella sp. and Spirulina sp. and commercial A1 DHA Selco media 
for the enrichment of Artemia salina. Arumugam, Inbakandan, 
Ramasamy & Murugan (2013) tested liposome encapsulated Spi-
rulina to enrich Artemia. Eryalcin, (2018) determined the effects 
of enrichments on growth, biochemical and fatty acid composi-
tion of L-type rotifer and Artemia franciscana nauplii. 

Prebiotics are defined as non-digestible carbohydrates that cannot 
be digested by the host, but can be metabolized by normal gastro-
intestinal (GIT) microflora (Manning & Gibson, 2004). Although pre-
biotics have beneficial effects on the survival, growth and immune 
system of some species in aquaculture studies, there are limited 
studies on the effects of prebiotic encapsulation in live feed. (Yazıcı 
et al., 2020; Daniels et al., 2010; Hoseinifar, Zare & Miandare, 2015; 
Azimirad, Meshkini, Ahmadifard & Hoseinifar, 2016; Azimirad & 
Meshkini, 2017; Widanarni, Yuhana & Ekasari, 2018). 

García-Ortega, Verreth, Coutteau, Segner, Huisman & Sorgeloos 
(1998) determined the biochemical and enzymatic characteriza-
tion of decapsulated cysts and ArtN at different developmental 
stages. Naz (2008) revealed the changes observed in the bio-
chemical compositions and the digestive enzymes such as tryp-
sine, aminopeptidase N and alkaline phosphates at the different 
developmental stages of Artemia. Yenmis & Naz (2019) showed 
the changes in protease activities (alkaline, neutral and acid) of 
Artemia during starvation, enrichment and 4°C storage. 

Until now, protease activities of Artemia were determined in pH 
8.0-8.5 substrate (Naz, 2008; Naz et al., 2011; Naz & Yufera, 2012; 
Haközü, 2014; Diken, Demir & Naz, 2016a; Diken, Demir & Naz, 
2016b; Diken, Demir & Naz, 2019) except for Garcia-Ortega et al. 
(1998) and Yenmis & Naz (2019). There is no available combined 
study on protease activities (alkaline, neutral and acid) and the 
biochemical compositions of Artemia enriched with the commer-
cial emulsion (Red Algamac (RA)) and different additive combina-
tions such as GroBiotic-A (GA), and Spirulina (SP). Considering 
this information, the aims of this study were (1) to determine the 
biochemical compositions such as proteins, lipids and ash of Ar-
temia enriched with commercial emulsion and different additive 
combinations and also, (2) to reveal the changes in alkaline, neu-
tral and acid protease activities of Artemia enriched with com-
mercial emulsion and different additive combinations. The re-
sults will provide important knowledge to the aquaculture sector 
on the biochemical compositions and enzyme contributions of 
Artemia enriched with commercial emulsion and different addi-
tive enrichment products.

MATERIALS AND METHODS

Artemia hatching and enrichment process
Artemia cysts (1 g L−1) (Artemia SepArt EG >250000 np/g, INVE 
Aquaculture Inc.) were incubated in a 150 L tank (approximately 
35-36 ppt) at 30°C under continuous aeration and illumination. 
After 24 h, the Artemia nauplii (ArtN) were collected and 
washed with tap water. Enrichment was performed in a 5 L glass 
jar. ArtN were added to give a density of 400 nauplii mL−1. The 
nauplii were enriched with GroBiotic-A (GA), Red Algamac (RA), 
Red Algamac:GroBiotic-A (50:50) (RA:GA (50:50)), Spirulina (SP), 
Spirulina:Red Algamac (50:50) (SP:RA (50:50)), Spirulina:GroBi-
otic-A (50:50) (SP:GA (50:50)) and Spirulina:Red Algamac:GroBi-
otic-A (33:33:33) (SP:RA:GA (33:33:33)). The proximate composi-
tion of Grobiotic A, Red Algamac and Spirulina is shown in Ta-
ble 1. 

The enrichment diet was added after hatching (time 0) and again 
12 h. The experimental groups were performed in triplicate. 
Samples for the proximate composition and protease (alkali, 
neutral and acid) analyses were taken and washed with distilled 
water, transferred to cryotubes and stored immediately at -80 °C 
until the analysis stage.

Table 1.	 Proximate compositions of ingredients used 
for the enrichment periods of Artemia

GroBiotic-A
Red  

Algamac
Spirulina

Ash 6% 8% 8.65%
Crude Lipid 0.1-2% min 50% 8.86%
Crude  
Protein

30-32% 18% 51.82%

Crude Fiber 2-3% max - -
Moisture 5% 5% -
Carbohy-
drate 

53% 19% -
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ANALYSES

Biochemical compositions
Biochemical compositions such as dry matter, ash and protein of 
samples taken from the experimental groups were tested ac-
cording to the AOAC (2000) procedures and also lipid analyses 
were performed according to the chloroform-methanol ex-
traction method described by Bligh & Dyer (1959).

Live food extracts
Artemia metanauplii (ArtMn) sampled after the enrichment peri-
od from the experimental groups were analyzed. The samples 
were rinsed in distilled water after thawing and then, the extracts 
of live foods were homogenized and centrifuged (16,000 g, 30 
minute 4ºC).

Determination of alkaline, neutral and acid protease activi-
ties of live foods
Protease activities were assayed at pH=3, 4, 5, 6, 7 and pH=8.5. 
Hemoglobin (1%) was used as the substrate in acid pH (3–6) and 
casein (1%) in neutral and alkaline pH (7–8.5). Protease activities 
were evaluated according to Walter (1984) and Anson (1938) as 
follows: The mixtures including extracts of live food-substrate 
were incubated at 37°C and then the reaction was stopped by 
addition of 500 µL trichloroacetic acid (TCA) (120 g/L). One unit 
of enzyme activity was defined as 1 µg of tyrosine release per 
minute. The soluble protein concentrations of live foods were 
determined according to Bradford (1976).

Statistical methods
All measurements were carried out in triplicate. The experimen-
tal data were subjected to one-way (ANOVA) and mean±stan-
dard error (SE) differences were calculated by Duncan test at 
p<0.05 content level by using SPSS 15.0 statistical package 
(SPSS, 2006).

RESULTS AND DISCUSSION

In the present study, the biochemical compositions and the 
changes observed in alkaline, neutral and acid protease activities 
of Artemia enriched with commercial emulsion and different ad-
ditive combinations were determined. The biochemical compo-
sitions of Artemia tested in the current study are given in Table 2. 

The changes observed in the ash, lipid and protein values were 
statistically significant (p<0.05). According to Table 2, ash, lipid 
and protein values tended to decrease at the end of enrichment. 

A decrease in protein value was observed at the end of the en-
richment process, except for SP: RA: GA (33:33:33). The lowest 
and highest protein contents after the enrichment of ArtN were 
40.74±1.02% (RA) and 55.03±1.26% (SP:RA:GA (33:33:33)), re-
spectively. Lipid contents after the enrichment period of ArtN 
decreased (p<0.05). The lowest lipid contents of tested groups 
were found in GA (5.63±0.47%) and RA:GA (50:50) (5.63±0.84%). 
The highest lipid value after the enrichment were observed in RA 
(16.98±1.15%). The lowest and highest ash values observed after 
the enrichment were SP:GA (50:50) (4.51±0.27%) and RA 
(6.07±0.35%). 

Changes in the biochemical compositions and enzyme contribu-
tions of live foods are the main factors that affect weaning suc-
cess. Westelmajer (2008) and Beyhan (2011) reported that the 
biochemical compositions of ArtN changed depending on the 
enrichment process. The current study data is important because 
hatchery practices often involve an enrichment process of ArtN 
before it is given to the larvae. 

Naz (2008) showed that the ash levels of ArtN and ArtMn ranged 
from 11.52 ±0.33% to 12.30±0.15%. Yenmis & Naz (2018) report-
ed that ash levels of ArtN and ArtMn ranged from 6.95±0.26% to 
9.66±0.02%. Aktaş, Genç, Bozkurt, Genç & Naz (2019) deter-
mined that ash levels of ArtN and ArtMn ranged from 5.84±0.05% 
to 9.32±0.48%. In the current study, ash contents of ArtN and 
ArtMn values were lower than Naz (2008) and similar to Yenmis & 
Naz (2019) and Aktaş et al. (2019).

Naz (2008) determined that the lipid contents of ArtN and ArtMn 
were 20.97±0.15% and 24.80±0.48%, respectively. Yenmis & Naz 
(2019) reported that lipid levels of ArtN and ArtMn ranged from 
19.99±0.13% to 25.28±0.07%. Aktaş et al. (2019) determined that 
lipid levels of ArtN and ArtMn were 30.19±0.65 and 16.59±0.53%, 
respectively. In the present study the lipid contents for ArtN was 
higher than Naz (2008) and Yenmis & Naz (2019) and lower than 
Aktaş et al. (2019) while lipid content of ArtMn was lower than 
Naz (2008), Yenmis & Naz (2019) and lower than Aktaş et al. (2019) 
except for the RA group.

Naz (2008) revealed that the protein levels of ArtN and ArtMn 
ranged from 62.66±0.47% and 49.10±0.32%. Yenmis & Naz (2019) 
reported that protein levels of ArtN and ArtMn ranged from 
60.61±0.04% to 49.28±0.07%. Aktaş et al. (2019) determined that 
protein levels of ArtN and ArtMn ranged from 61.55±0.28% and 
64.4±0.78%, respectively. In the present study the protein con-

Table 2.	 Biochemical compositions of Artemia enriched with different enrichment emulsions (%).

Groups Ash Lipid Protein

Artemia nauplii 7.54±0.29e 27.93±1.04e 58.42±2.40c

GroBiotic-A 5.71±0.20cd 5.63±0.47a 46.70±0.55b

Red Algamac 6.07±0.35d 16.98±1.15d 40.74±1.02a

Red Algamac:GroBiotic-A(50:50) 5.30±0.12bc 5.63±0.84a 45.93±0.54b

Spirulina 4.98±0.12ab 9.99±0.41c 49.78±0.62b

Spirulina:Red Algamac (50:50) 6.23±0.22d 7.73±0.53abc 49.75±1.67b

Spirulina:GroBiotic-A (50:50) 4.51±0.27a 7.23±0.89ab 48.97±2.49b

Spirulina:Red Algamac:GroBiotic-A (33:33:33) 5.88±0.13cd 9.07±0.89bc 55.03±1.26c
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tents for ArtN were similar to Naz (2008), Yenmis & Naz (2019) 
and Aktaş et al. (2019) while protein contents of ArtMn were sim-
ilar to Naz (2008) and Yenmis & Naz (2019) except for RA and SP-
RA-GA groups and lower than Aktaş et al. (2019). 

Navarro et al (1999) revealed that the digestive tract of ArtN 
during the enrichment period were differentiating and the dif-
ferences observed in enrichment products could be effected 
on their ontogenesis, absorption efficiency and the nutritional 
value of live food. In addition, a combination of the proximate 
composition and form of the enrichment products, and the lip-
id pathways of ArtN could be responsible for the biochemical 
composition of live food. In this study, differences were ob-
served in protein, ash, and lipid values due to the use of enrich-
ment products and combinations. When the results were com-
pared with previous studies, ash contents of ArtN and ArtMn 
values were lower than Naz (2008) and similar to Yenmis & Naz 
(2019) and Aktaş et al. (2019).

It is known that the protein and lipid contents of commercial RA, 
GA and SP used for ArtN enrichment are 18%, 30%, 51.82% and 
50%, 0.1%, 8.86%, respectively. Ash levels are similar to other en-
hancers (8-9%), although RA has a higher lipid content (50%) and 
a lower protein content (18%) than the others. On the other 
hand, the protein and lipid contents of SP were found to be high-
er than that of GA. Thus, it is not surprising that the groups test-
ed after enrichment had a tendency to decrease in protein and 
lipid contents. The post-enrichment RA group has the highest 
lipid value due to its high lipid composition compared to other 
enrichment emulsions. Biochemical data showed that proteins 
and lipids were used as energy sources after enriching with the 
emulsion used in this study. Our results were supported by Naz 
(2008) and Yenmis & Naz (2019).

Table 3 shows the changes observed in the different pH values 
such as alkaline (pH=8.5), neutral (pH=7) and acid protease activ-
ities (pH=6, pH=5, pH=4, pH=3) of ArtN and ArtMn. The chang-
es observed in the protease activities (alkaline, neutral and acid) 
of the tested groups were statistically significant (p<0.05). The 
products, which used as enricher, showed alteration in the devel-
opmental periods of Artemia, depending on the pH on the pro-

tease activities. The lowest protease activities after enrichment 
according to pH = 3, pH = 4, pH = 5, pH = 6, pH = 7 and pH = 
8.5 values were given as; 18.18±0.37 U / mg protein (GA), 
31.04±0.38 U / mg protein (RA), 9.1±0.32 U / mg protein (SP), 
9.66±0.19 U / mg protein (SP), 16.94±0.61 U / mg protein (SP), 
and 63.09±0.75 U / mg protein (SP), respectively. In addition, the 
highest protease activities after enrichment according to pH = 3, 
pH = 4, pH = 5, pH = 6, pH = 7 and pH = 8.5 values were deter-
mined as 33.77±0.59 U / mg protein (RA: GA (50:50)), 57.54±0.34 
U / mg protein (RA:GA (50:50)), 23.75±0.28 U / mg protein (GA), 
40.82±0.49 U / mg protein (GA), 69.94±0.65 U / mg protein (GA) 
and 286.14±8.2 U / mg protein (GA), respectively. The lowest and 
highest alkaline, neutral and acid protease activities after the en-
richment were 63.09±0.75 U/mg protein (SP), 16.94±0.61 U/mg 
protein (SP), 86.57±0.38 U/mg protein (RA) and 286.14±8.2 U/mg 
protein (GA), 69.94±0.65 U/mg protein (GA), 140.14±0.38 U/mg 
protein (RA:GA (50:50)), respectively.

Munilla-Moran, Stark & Barbour (1990) indicated that the enzy-
matic activity of Artemia varies depending on the nutritional sta-
tus and developmental stage. Differences in protease activities 
of ArtN and ArtMn due to Artemia enrichment were reported by 
Bonnie, Lan & Hung (1991). Naz (2008) revealed that the maxi-
mum enzyme contributions from live food to fish larvae were at 
the end of the enrichment process. The protease activity value of 
ArtN (253.48±6.54 U/mg) and ArtMn (481.31±22.10 U/mg pro-
tein) were found to be higher than the results of the present 
study. Protease activity values of ArtMn (414.5±0.41 U / mg pro-
tein) determined by Naz and Yúfera (2012) were higher than the 
current study. Haközü (2014) reported that ArtN and ArtMn pro-
tease activity values were found to be lower (34.67±0.88 U/mg 
protein) and higher (317.16±2.67 U / mg protein) than the current 
study, respectively. Diken et al. (2016a) revealed that protease ac-
tivity value of ArtMn was 338.02±4.65 U/mg protein and higher 
than the present study. The differences observed in enzyme ac-
tivities of tested groups could be related to developmental peri-
ods, the age of the live food, and also, enrichment applications. 
Depending on the enrichment process, Artemia’s enzyme contri-
butions are more attractive in neutral (pH 7) and alkaline (pH 8.5) 
conditions. It is known that the digestive enzymes of larvae are 

Table 3. The protease activities observed at different pH values of Artemia enriched with different enrichment emulsions.

Protease Activities 
(U/mg protein)

Acid Neutral Alkaline

Groups pH=3 pH=4 pH=5 pH=6 pH=7 pH=8.5

AN 28.77±0.13c 52.04±0.40f 31.61±0.68f 32.82±0.42g 75.92±0.20g 185.22±0.53e

GA 18.18±0.37a 34.47±0.41b 23.75±0.28e 40.82±0.49h 69.94±0.65f 286.14±8.2g

RA 26.15±0.41b 31.04±0.38a 12.45±0.40c 16.93±0.34d 28.56±0.34c 115.20±0.65c

RA:GA (50:50) 33.77±0.59e 57.54±0.34g 23.27±0.60e 25.56±0.45e 53.29±0.45e 158.44±0.68d

SP 31.95±0.66d 45.65±0.37d 9.10±0.32a 9.66±0.19a 16.94±0.61a 63.09±0.75a

SP: RA (50:50) 27.52±0.22bc 47.77±0.22e 11.06±0.07b 13.95±0.67c 18.27±0.46a 82.97±0.53b

SP:GA (50:50) 31.96±0.82d 52.16±0.52f 11.79±0.32bc 12.61±0.44b 25.63±0.14b 81.52±0.15b

SP:RA:GA (33:33:33) 18.43±0.53a 42.14±0.73c 14.98±0.07d 29.14±0.23f 43.83±0.46d 196.97±0.97f
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alkaline due to a poor development of the digestive system and 
then, acid proteases are important in digestion at the end of the 
larval period.

Simpson (2000) revealed that fish acid proteases showed high ac-
tivity from pH=2 and to pH=4. In the present study, the highest 
acid proteolytic activities were detected at pH=4 except for GA 
group (pH=6). Similarly, the current study findings showed that 
ArtN and ArtMn have significant levels of acid proteolytic activity 
between pH 3-6. The potential activities of proteases depend on 
the pH of the larval digestive system. Warner & Shridhar (1985) 
indicated that acid proteases are not active at alkaline pH. This 
process may be neutralized when acid proteases are in contact 
with the alkaline conditions of the larval digestive system. There-
fore, the contribution of acid proteases might be meaningless 
due to the pH in the larval digestive system being around 8.

It is known that the importance of the contribution of proteolytic 
enzymes from Artemia is decreased due to the differences in the 
digestive system of larvae. Cahu, Zambonino Infante, Le Gall & 
Quazuguel (1995) and Kurokawa, Shiraishi & Suzuki (1998) 
showed that live food proteases provided only a low contribution 
to the protease activities observed in sea bass and sardine lar-
vae. Simpson (2000) indicated that alkaline proteases are most 
active between pH=8 and pH=10. Yufera, Fernandez-Diaz, Vid-
aurreta, Cara & Moyano (2004) showed that sea bream larvae di-
gest mainly by the action of alkaline proteases due to the gastro-
intestinal pH being alkaline. The present data indicated that the 
GA group exhibited good performance due to the highest alka-
line proteolytic activities between tested groups, followed by 
SP:RA:GA (33:33:33).

Figure 1 reveals the observed changes in alkaline, neutral and 
acid protease activities of Artemia enriched with commercial 
emulsion and different additive combinations. Total alkaline and 
neutral protease activities obtained from the tested groups were 
found to be higher than those of the total of acid protease activ-
ities. The combination of ArtN enrichment with the RA-GA (50:50) 
group tended to decrease to alkaline proteolytic activities, while 
the enrichment with the GA group of ArtN increased to alkaline 
proteolytic activities. On the other hand, the enrichment with RA 
group of ArtN had higher alkaline proteolytic activity than those 
of the enrichment with SP group. The enrichment with SP group 
of ArtN showed the lowest alkaline proteolytic activity. The alka-
line proteolytic activities of the SP-GA (50:50) and SP-RA (50:50) 
groups were found to be similar, but not lower than that of the SP 
group. The alkaline proteolytic activity of the SP-RA-GA (33:33:33) 
group was lower than those of the GA group, but not lower than 
the other experimental groups. The highest acid proteolytic ac-
tivity in tested groups was detected in the RA-GA (50:50) group 
following the GA group, the lowest acid proteolytic activity was 
observed in the RA group. Acid protease/Total protease (Alka-
line + Neutral + Acid proteases) ratios observed in the tested 
groups ranged from 54.62% (SP) to 24.76% (GA). 

According to the results of the study, alkaline and neutral prote-
ase activities were higher than those of acid protease activities. 
ArtN and ArtMn acid protease contents should be taken into ac-
count for optimum growth and survival rate, together with func-

tional differences in the digestive system of the larvae. Overall, 
the acid protease/Total protease ratios of the SP containing 
groups were high except for SP:RA:GA (33:33:33). The results re-
vealed that the enrichment with SP of ArtN was not effective due 
to high acid proteolytic activities. Warner & Shridhar (1985) 
showed that over 90% of the protease activity in Artemia embry-
os and ArtN was associated with a cysteine protease. Our study 
findings confirmed the presence of a significant level of cysteine 
proteases of ArtN and ArtMn.

During the critical periods of marine larvae, the digestive system 
is not yet developed, and alkaline digestion is present. For this 
reason, proteolytic enzymes working in the acid digestive system 
do not contribute significantly during feeding. However, proteo-
lytic enzymes working in an alkaline digestive system have im-
portant contributions to digestion. The results in the present 
study showed that commercial emulsion and different additive 
enrichment groups have significant effects on acid, neutral and 
alkaline proteolytic enzymes. 

CONCLUSIONS

In this study, which was carried out considering biochemical val-
ues and proteolytic enzyme activities, it is recommended to use 
the enrichment combinations GA and SP: RA: GA (33:33:33) as an 
alternative to enrichment products. On the other hand, SP and 
RA should not be used alone due to the disadvantages such as 
the biochemical compositions and protease activities of ArtMn 
observed in the present study. 
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Figure 1. 	The changes observed in alkaline, neutral and acid 
protease activities of Artemia enriched with different 
enrichment emulsions (AN: Artemia nauplii; GA: 
GroBiotic-A; RA: Red Algamac; RA:GA(50:50): Red 
Algamac:GroBiotic-A(50:50); SP: Spirulina; SP:RA 
(50:50): Spirulina:Red Algamac (50:50); SP:GA 
(50:50): Spirulina:GroBiotic-A (50:50); SP:RA:GA 
(33:33:33): Spirulina:Red Algamac:GroBiotic-A 
(33:33:33).
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with other organizations or people working with them, a conflict 
of interest may arise that may affect your research. A full 
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Tables
Tables should be included in the main document, presented 
after the reference list, and they should be numbered 
consecutively in the order they are referred to within the main 
text. A descriptive title must be placed above the tables. 
Abbreviations used in the tables should be defined below 
the tables by footnotes (even if they are defined within the 
main text). Tables should be created using the “insert table” 
command of the word processing software and they should be 
arranged clearly to provide easy reading. Data presented in the 
tables should not be a repetition of the data presented within 
the main text but should be supporting the main text.

Figures and Figure Legends
Figures, graphics, and photographs should be submitted as 
separate files (in TIFF or JPEG format) through the submission 
system. The files should not be embedded in a Word document 
or the main document. When there are figure subunits, the 
subunits should not be merged to form a single image. Each 
subunit should be submitted separately through the submission 
system. Images should not be labeled (a, b, c, etc.) to indicate 
figure subunits. Thick and thin arrows, arrowheads, stars, 
asterisks, and similar marks can be used on the images to 
support figure legends. Like the rest of the submission, the 
figures too should be blind. Any information within the images 
that may indicate an individual or institution should be blinded. 
The minimum resolution of each submitted figure should be 300 
DPI. To prevent delays in the evaluation process, all submitted 
figures should be clear in resolution and large in size (minimum 
dimensions: 100 × 100 mm). Figure legends should be listed at 
the end of the main document.

All acronyms and abbreviations used in the manuscript should 
be defined at first use, both in the abstract and in the main text. 
The abbreviation should be provided in parentheses following 
the definition.

When a drug, product, hardware, or software program is 
mentioned within the main text, product information, including 
the name of the product, the producer of the product, and city 
and the country of the company (including the state if in USA), 
should be provided in parentheses in the following format: 
“Discovery St PET/CT scanner (General Electric, Milwaukee, WI, 
USA)”

All references, tables, and figures should be referred to within 
the main text, and they should be numbered consecutively in 
the order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original 
articles should be mentioned in the Discussion section before 
the conclusion paragraph.

Type of 		  Abstract	 Reference 
manuscript	 Page	  word limit	  limit

Original Article	 ≤20	 250	 40

Review Article	 ≤25	 250	 60

Short Communication	 ≤5	 250	 20

Table 1. Limitations for each manuscript type
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References
While citing publications, preference should be given to the 
latest, most up-to-date publications. If an ahead-of-print 
publication is cited, the DOI number should be provided. 
Authors are responsible for the accuracy of references. List 
references in alphabetical order. Each listed reference should 
be cited in text, and each text citation should be listed in the 
References section. The reference styles for different types of 
publications are presented in the following examples.

Reference Style and Format

Aquatic Sciences and Engineering complies with APA (American 
Psychological Association) style 6th Edition for referencing and 
quoting. For more information:

-	 American Psychological Association. (2010). Publication 
manual of the American Psychological Association (6th ed.). 
Washington, DC: APA.

-	 http://www.apastyle.org

Accuracy of citation is the author’s responsibility. All references 
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Citations in the Text

Citations must be indicated with the author surname and 
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Citation with one author;
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First citation in the text: (Ailen, Ciambrune, & Welch, 2000) 
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Citations with more than six authors;
(Çavdar et al., 2003)
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4546465465

•	 A book chapter, print version: Haybron, D. M. (2008). 
Philosophy and the science of subjective well-being. In M. 
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