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ABSTRACT
Seasonal changes in the composition and abundance of zooplankton and their responses to 
environmental changes were investigated at 30 stations in the upper layer and 13 stations in the 
lower layer (in February, May, July, and December) of the Eastern Marmara Sea in 2016. A total of 
44 species/groups (including jellyfish species) were documented in the study area, with 39 identified 
in the upper layer water and 31 in the lower layer water. The abundances of zooplankton ranged 
from 29 to 2822 ind.m−3 in the upper layer and from 6 to 2283 ind.m−3 in the lower layer. Acartia 
clausi, Paracalanus parvus, Penilia avirostris, and Oithona similis were the dominant species in 
summer and autumn, whereas Calanus euxinus, Pseudocalanus elongates, Oithona nana, Oithona 
davisae and Pleopis polyphemoides were the dominant species in winter and spring. Aetideus 
spp., Clausocalanus spp., Ctenocalanus vanus, Oncaea minuta, Isopoda, and Siphonophora were 
observed only in bottom-layer waters. M. lucens and O. davisae were recorded only in the upper 
layer in December. In conclusion, our results suggest that zooplankton communities and some 
species are favorable indicators of the marine environment of the Sea of Marmara.

Keywords: Zooplankton, abundance, species diversity, Sea of Marmara

INTRODUCTION

Marine coastal areas feature greater levels of 
plankton biodiversity and production, which 
play an important role in biogeochemical pro-
cesses. However, climate change and anthro-
pogenic pressures that degrade ecosystems 
threaten biodiversity and ecological functions. 
Increasing anthropogenic activities accelerate 
eutrophication, often leading to irreversible 
degradation (Tüfekçi et al., 2010; Kemp and 
Boynton, 2012; Griffith and Gobler, 2020).

Zooplanktons are highly sensitive to physico–
chemical parameters and biological factors in 
marine systems (Isinibilir et al., 2008; Shi et al., 
2015). The composition and abundance of zoo-
plankton largely depend on environmental 
conditions and respond rapidly to environmen-
tal changes (Isinibilir et al., 2011). As a result, 

zooplankton is considered a biological indica-
tor of environmental water quality. Zooplankton 
orchestrate marine ecosystems by not only 
transferring energy from primary producers to 
higher trophic levels but also regulating phyto-
plankton production and shaping the pelagic 
ecosystem (Rissik et al., 2009).

The Marmara Sea is an important transitional ba-
sin between the Black Sea and the Mediterra-
nean, connected to the Black Sea via the Bos-
phorus and to the Aegean Sea via the Darda-
nelles. The upper layer of the Marmara Sea is in-
fluenced by low salinity Black Sea water (18%), 
while more saline water from the Mediterranean 
(up to 40%) is found at depths exceeding 20 m 
(Beşiktepe et al., 1994). Over the last few de-
cades, many factors including excessive nutri-
ents and pollutants, overfishing, the introduction 
of new species, and climate change have signifi-

https://orcid.org/0000-0003-2017-6137
https://orcid.org/000-0002-1200-6878
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cantly disrupted the Marmara Sea fauna temporally and spatially. 
These changes have resulted in red tide and mucilage aggrega-
tion, the disappearance or sharp decline in population of some 
species, and a rise in the number of nonindigenous species (Ak-
tan., 2008; Isinibilir et al., 2010; Isinibilir Okyar et al., 2015; Doğan & 
Isinibilir, 2016; Isinibilir & Yılmaz, 2017, Turkoğlu, 2013). Zooplank-
tons, the most important link in energy transfer in the seas, were 
the first to react to these changes (Isinibilir et al., in press).

The main aim of this study is to explore the abundance and fluc-
tuations in species composition of coastal zooplankton commu-
nities in the eastern region of the Sea of Marmara. Furthermore, 
the study seeks to quantify the zooplankton composition in the 
research area to determine the indicator species composition 
across environmental conditions as well as to improve existing 
data by measuring the relationships of indicator species in the 
research area with environmental parameters.

MATERIALS AND METHODS

Sampling design and analysis of samples
Upper layer samples exposed to both the Black Sea and local 
pollution were collected from 30 stations on the Marmara Sea in 
February, May, July, and December in 2016. Stations İZ9, M11, 
İZ4, and MD102 were located offshore where there is less anthro-
pogenic stress, representing the open-sea ecosystem of the Sea 
of Marmara, although they were still impacted by the top layer 
flow from the İzmit Bay and the Istanbul Strait. Stations MD3, 
MD4, İZ8, and MD8 were considered less polluted and repre-
sented a transitional zone from the neritic to open-sea environ-
ment. G2, KÇ, M12, M13, M14, MD1, MD2, MD3, MD4, MD5, 
MD6, MD7, MD9, MD10, MD75, MY5 YK1, İZ7, İZ6, İZ5, İZ3, İZ2, 
and İZ1 were in the coastal waters of the Sea of Marmara where 
anthropogenic stress is greatest. Samples were collected from 
the Mediterranean-originated lower layer at 13 stations (MD1, 
MD3, MD4, MD5, MD6, MD7, MD8, MD75, MD102, M11, İZ9, İZ8, 
and İZ4) during periods characterized by both thermal stratifica-
tion and haline stratification.

Zooplankton samples (including jellyfish species) were gathered 
vertically using a WP2 closing net with a 0.5 m diameter and a 

157-mm mesh. Samples were collected from the bottom to the 
start of the mixing layer and from the interface (18–20 m) to the 
surface. The salinity, temperature, and dissolved oxygen of the 
whole water column were measured with an SBE-19 SEACAT 
CTD (conductivity, temperature, and pressure recorder) system. 
Chlorophyll-a analyses were conducted at all stations in the up-
per water layer using the methodology outlined in APHA (2000). 
The zooplankton samples were preserved on board using a 4% 
formalin seawater solution. Three 1-ml aliquots were obtained 
from the sampling bottle with a Stempel pipette; counting and 
diagnostics were performed in the zooplankton counting cham-
ber and stereobinocular microscope.

Statistical analysis
The zooplankton community was assessed according to the 
Shannon index of diversity (H’) and the number of species (S) as 
described by Shannon and Weaver (1949). Furthermore, using 
log (x + 1)-transformed abundance data and Primer v. 6 software, 
multidimensional scaling (MDS) studies of similarity between 
sampling months were performed based on the Bray–Curtis sim-
ilarity index (Clarke & Warwick, 1994). Using SPSS v22 software, 
Spearman’s rank-correlation coefficient was calculated to find as-
sociations between biotic and abiotic factors.

RESULTS AND DISCUSSION

The two-layered structure is discernible from the profiles of salin-
ity, temperature, and dissolved oxygen (Figure 2). The highest 
sea surface temperature and chlorophyll-a values were observed 
in July (25.3⁰C and 7.7 µg.L−1), whereas the highest salinity (30.4 
ppm) and dissolved oxygen (8.8 mg.L−1) values were measured in 
February (Figure 3). Oxygen values decreased from the surface 
to the bottom throughout the water column, and values below 2 
mg.L−1 were detected deeper than 50 m.

The minimum dissolved oxygen value was recorded in May (4.57 
mg.L−1). Despite its considerable variability, the distribution of 
chlorophyll-a exhibited notable spatio-seasonal patterns and a 
strong correlation with temperature (r = 0.526, p < 0.01).

Seasonal variations were observed in the abundance and bio-
mass of zooplankton (excluding the dinoflagellate Noctiluca 
scintillans) in the eastern Sea of Marmara (Figure 3). The maxi-
mum quantity of zooplankton was observed at station MD6 in 
December (2822 ind.m−3) due to high abundance of Paracalanus 
parvus and Penilia avirostris (1210 ind.m−3 and 468 ind.m−3, re-
spectively). In contrast, the zooplankton biomass peaked at sta-
tion M11 in May due to Aurelia aurita (Figure 3).

A total of 44 species/groups were documented in the study area, 
with 39 identified in the upper layer water and 31 in the lower lay-
er water (Table 1). The most abundant zooplankton groups across 
all stations were copepods, cladocerans, meroplankton, appen-
dicularians and jellyfishes. Aetideus spp., Clausocalanus spp. 
Ctenocalanus vanus, Goniopsyllus rostratus, Oncaea minuta, Iso-
poda, and Siphonophora were observed only in bottom-layer 
waters; M. lucens and O. davisae were observed only in the up-
per layer in December.

Figure 1.  Locations of the sampling stations in the Sea of 
Marmara.
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Figure 2.  Temperature, salinity and dissolved oxygen profiles in station M11.

Figure 3.  Seasonal fluctuation of temperature, salinity, dissolved oxygen, and chlorophyll-a at the upper layer.
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The abundance of most zooplankton groups displayed distinct 
seasonal patterns in the eastern Sea of Marmara. In general, co-
pepods and cladocerans were the predominant groups (Table 1), 
whereas meroplankton became more prominent in coastal re-
gions, eventually dominating the zooplankton community (e.g., 
stations MD10 and KC in February) (Figure 3). Acartia clausi was 
present year-round, reaching higher densities at station MD7 
(913 ind.m−3) and İZ9 (904 ind.m−3) in July, whereas P. parvus, E. 
acutifrons, and C. euxinus were the primary members of the co-
pepod community during February and December (Table 1, Fig-
ure 4). Oithona nana, Pleopis polyphemoides, and fine particle 
filter feeder, Oikopleura dioica, dominated the zooplankton 
community in all seasons, and Oithona similis and other fine par-
ticle filter feeder Penilia avirostris were abundant in July and De-
cember. High concentrations of bivalve and polychaeta larvae 

were measured in February and May, especially in coastal areas, 
whereas Parasagitta setosa was detected in February, July, and 
December. Oithona davisae was observed only in December and 
mostly at coastal stations (KC, YK1, MD1, MD3, MD5, M12, M13, 
M14, MY5, 1Z8, IZ7, IZ5, IZ4, IZ3, IZ1).

The highest number of species was observed at MD1 (16 species/
groups) in December and the lowest number at İZ3 (3 species/
groups) in May and at M12 (3 species/groups) in February. The 
maximum diversity index was recorded at station MD9 (2.3) in De-
cember. The minimum diversity index was 0.6 at station M12 in 
February and at station İZ3 in May. This decrease in diversity was 
due to dominance of P. polyphemoides and A. clausi (Figure 3).

The heterotrophic dinoflagellate Noctiluca scintillans, an important 
component of the net samples in the Sea of Marmara, showed sea-

Figure 4.  Variations in the abundance (ind.m−3) of primary zooplankton species and groups within the upper layer.
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sonal distribution (Figure 2), peaking in February (225358 ind.m−3) 
and reaching its minimum in July (283 ind.m−3). N. scintillans reached 
its maximum abundance (1093617 ind.m−3) at station G2, located at 
the entrance of Büyükçekmece Bay. The densities of N. scintillans 
fell to minimum levels in July but increased in December. MDS ordi-
nation of combined data across seasons showed that the zooplank-
ton community of the eastern Sea of Marmara had high seasonality 
(Figure 5). Total zooplankton assemblage exhibited heterogeneity 
from July to December (Group I) and February to May (Group II). 
The species predominant from July to December included Acartia 
clausi, Paracalanus parvus, Penilia avirostris, and Oithona similis 
(Group I); those predominant from February to May community in-
cluded Calanus euxinus, Pseudocalanus elongates, Oithona nana, 
Oithona davisae, Pleopis polyphemoides, polychaeta, and bivalve 
larvae. Moreover, stations M11 and M12 in February and IZ3 in May 
(Group III) were distinct from other samplings due to the dominance 
of Pleopis polyphemoides, Oithona nana, and Acartia clausi as well 
as low species diversity.

While P. avirostris was positively affected by temperature in-
crease (r = 0.510, p < 0.01), it was negatively correlated with sa-
linity (r = −0.282, p < 0.01) and dissolved oxygen (r = −0.400, p < 
0.01). Bivalvia larvae were positively affected by salinity (r = 0.247, 
p < 0.01) and dissolved oxygen (r = 0.196, p < 0.05) but inversely 
related to temperature increase (r = −0.305, p < 0.01). A. clausi 
was positively affected by temperature (r = 0.381, p < 0.05) and 
negatively correlated with increased salinity (r = −0.214, p < 0.05) 
and dissolved oxygen (r = −0.284, p < 0.01).

Zooplankton abundance, P. parvus, and P. setosa positively cor-
related with temperature (r = 0.186, r = 0.194, and r = 0.186, p < 
0.05, respectively), whereas polychaeta larvae (r = −0.295, p < 
0.05) and C. euxinus (r = −0.370, p < 0.01) had a negative correla-
tion with it. E. acutifrons (r = 0.134, p < 0.05) and O. nana (r = 
0.216, p < 0.05) had a positive correlation with dissolved oxygen, 
whereas N. scintillans (r = −0.201, p < 0.05) and P. polyphemoides 
(r = −0.244, p < 0.01) were inversely related to dissolved oxygen 
increase. Furthermore, jellyfish abundance was weakly correlated 
with total zooplankton abundance, O. similis, P. avirostris, and P. 
setosa, (r = −0.107, r = −0.112, r = −0.123, r = −0.103 p < 0.001, 
respectively) but it was positively correlated with P. parvus (r = 
0.151, p < 0.001) and O. dioica (r = 0.181, p < 0.05).

The upper layer waters generally exhibited a greater zooplankton 
abundance than the lower layer waters but a lower number of spe-
cies (Table 1, Figure 6, 7). The maximum average abundance in the 
upper layer was 2822 − 29 ind. m−3, whereas the corresponding val-
ue in the lower layer was 462 − 6 ind. m−3. The number of species 
and zooplankton abundance significantly differed between groups; 
zooplankton were more abundant in the upper layer than in the low-
er layer. The biggest difference between the lower and upper layers 
was measured in July and December 2016 when Cladocera domi-
nated the upper layer of Marmara. Species such as Aetideus spp., 
Clausocalanus spp., Ctenocalanus vanus, Oncaea minuta, Oithona 
davisae, Pteropoda, and Siphonophora contribute to the differenc-
es in zooplankton communities between the upper and lower lay-
ers. The corresponding MDS analysis revealed significant differenc-
es between the lower and upper layers (Figure 8).

This study identified the major zooplankton species and their 
seasonal availability in the Marmara Sea. The most widely distrib-
uted zooplankton species were also the most prevalent and 
dominant species such as Paracalanus parvus, Acartia clausi, Oi-
thona nana, Penilia avirostris, Pleopis polyphemoides, and bi-
valve larvae. These species are similar to those found in previous 
studies in the Marmara Sea (Yılmaz et al., 2005; Tarkan et al., 
2005; Isinibilir et al., 2011). Notably, O. davisae, an invasive spe-
cies that was first recorded in the Marmara Sea in 2014 (Doğan & 
Isinibilir, 2016), has expanded its distribution area to the Izmit Bay 
in the Sea of Marmara. The Sea of Marmara is home to several 
Mediterranean species, including Oncaea minuta, Aetideus spp., 
Ctenocalanus vanus, Clausocalanus spp., Euchaeta marina, and 
Siphanophore (Isinibilir et al., 2011).

Figure 5.  MDS analyses by seasons (1: February. 2: May. 3: 
July. 4: December)

Figure 6.  Seasonal distribution of zooplankton abundance 
(ind.m−3) in the upper and lower layers at various 
sampling stations.



144

Aquat Sci Eng 2024; 39(3): 137-147
Türkeri and İsinibilir. Seasonal Zooplankton Distribution and Species Composition in the Eastern Sea of Marmara

In the Eastern Marmara Sea, zooplankton are more abundant in 
the upper layer than in the lower, which agrees with previous stud-
ies (Tarkan et al., 2005; Isinibilir et al., 2008, 2011). Strong stratifica-
tion in the basin, depending on temperature and salinity, limits the 
daily vertical migration pattern of zooplankton (Isinibilir et al., 
2011). Accordingly, species compositions differ between layers, 
and the main zooplankton biomass is concentrated in the upper 
layer (Mutlu, 2005; Isinibilir Okyar, et al., 2015). Thus, this study fur-
ther corroborates that the top layer has larger values in terms of 
biomass and abundance than the lower layer. Oithona is a wide-
spread genus in eutrophic and degraded unstable environments 
due to its resilience (Richard & Jamet, 2001; Castellani et al., 2005; 
Isinibilir et al., 2016; Svetlichny et al., 2018). In particular, O. davisae 

and O. nana are classified as polluted area species (Drira et al., 
2017; Isinibilir et al., 2008, 2016). O. davisae, a cyclopoid copepod 
originating from the western Pacific Ocean (Hirakawa, 1988), was 
first recorded in the Black Sea in the Sevastopol Bay in December 
2001 (Zagorodnyaya 2002). Over the last decades, this species 
gradually spread to the entire eastern and western coasts of the 
Black Sea (Altukhov et al., 2014; Gubanova & Altukhov, 2007; Mih-
neva & Stefanova, 2013), the Sea of Marmara (Doğan & Isinibilir, 
2016; Isinibilir et al., 2016) and the Aegean Sea (Terbıyık-Kurt & 
Beşiktepe, 2019). Due to its thermophilic nature (Svetlichny et al., 
2016), this species is most abundant during the warm seasons and 
least abundant during winter and early spring (Altukhov et al., 
2014; Mihneva & Stefanova, 2013; Uye & Sano, 1998; Zagami et al., 
2018). However, variations in the population density of O. davisae 
showed differences across regions (Ambler et al., 1985; Uye and 
Sano, 1995; Svetlichny et al., 2018). In this study, O. davisae was 
distributed in eutrophic coastal areas and less abundant only in 
December. As O. nana is a tolerant, opportunistic, and widely 
adapted species, this species can be found in sea ports and near 
urban wastes and/or brackish waters with varying degrees of pol-
lution (Richard and Jamet, 2001; Beşiktepe et al., 2023). As in pre-
vious studies on the Sea of Marmara (Isinibilir et al., 2008, 2016; 
Isinibilir Okyar et al., 2015), this work showed that O. nana is the 
predominant zooplankton species year-round, especially in se-
verely perturbed coastal areas.

A. clausi, widely distributed in temperate waters and dominates 
zooplankton in polluted areas, is also the most prevalent species 
in the Sea of Marmara year-round (Gubanova et al., 2001; Isinibilir 
et al., 2008; 2011; Svetlichny et al., 2022, Beşiktepe et al., 2023). 
This study supports previous findings that A. clausi predominates 
in coastal areas, reflecting the eutrophic characteristics of this sea. 
On the other hand, O. similis and P. parvus, the other dominant co-
pepod species in the Marmara Sea (Isinibilir et al., 2008; Isinibilir, 
2009; 2010), are nonsensitive species that can live in both polluted 
and unpolluted marine environments (Drira et al., 2017).

Environmental factors such as temperature, salinity, predation, 
food availability, and water transparency can affect the Cladoc-
era population (Calbet et al., 2001; Marques et al., 2006; Atienza 
et al., 2008; Isinibilir et al., 2011). At different spatiotemporal 
scales, the dynamics of small-sized cladoceran abundance are in-
fluenced by predatory forces from planktivorous fish and inverte-
brates (Onbe & Ikeda 1995, Egloff et al., 1997; Camatti et al, 
2008). In this study, the increase in P. avirostris abundance was 
triggered by water temperature, whereas salinity caused the re-
verse effect. In addition to being an important food source for 
marine pelagic fish, P. avirostris plays an important role in the 
zooplankton community due to its high abundance in tropical 
and temperate waters, especially during the summer (Calbet et 
al., 2001; Marazzo & Valentin, 2003; Rose et al., 2004). As the 
body length of P. avirostris varies between 0.70 and 1.09 mm 
(Zhou et al., 2022), this species may be important for fisheries by 
attracting many larvae and adult pelagic fish such as mackerel, 
sardine, horse mackerel, and anchovy (Wu et al., 2023). Penilia 
avirostris exhibits a broad dietary spectrum, encompassing small 
diatoms and bacterivorous microflagellates (Turner et al., 1988) 
as well as prymnesiophyceans (Paffenhofer & Orcutt, 1986) and 

Figure 7.  The variation in the number of species in the lower 
and upper layers at the sampling stations.

Figure 8.  MDS ordination of combined data of upper- and 
lower layer samples.
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bacteria (Lipej et al., 1997). The contributions of predation to the 
formation of marine zooplankton ecosystems have previously 
been disregarded (Verity & Smetacek, 1996). However, fish lar-
vae, chaetognaths, and ctenophores are among the predators 
that might wipe out marine cladoceran populations (Duró & Saiz, 
2000; Barz &Hirche, 2005). Nevertheless, how predation affects P. 
avirostris population dynamics in the Sea of Marmara is unclear. 
Other important cladoceran species like Pleopis polyphemoides, 
the most euryhaline species (Viñas et al., 2007), transpired 
throughout the winter months after going dormant during the 
warmer ones, as in previous studies (Isinibilir et al., 2008; Isinibilir, 
2009; Isinibilir Okyar et al., 2015).

In the Sea of Marmara, N. scintillans exhibits a year-round distri-
bution, with the greatest abundance in the spring and a second-
ary increase in the autumn (November) (Isinibilir et al., 2008; 
Isinibilir 2009). This species competes with zooplankton for food, 
and its high tolerance for temperature and salinity, coupled with 
its feeding on zooplankton eggs, promote its ecological success 
(Schaumann et al., 1988; Kirchner et al., 1996; Elbrachter & Qi, 
1998; Quevedo et al., 1999). Thus, it is crucial to monitor the dis-
tribution and abundance of this species in the Sea of Marmara.

CONCLUSION

In conclusion, the zooplankton communities in the Marmara Sea 
exhibited notable seasonal fluctuations in abundance and spe-
cies diversity. Given the correlations between seasonal changes 
in dominant species and environmental factors such as tempera-
ture, salinity, and chlorophyll-a, zooplankton can serve as a signif-
icant indicator of changes in this marine environment. The Sea of 
Marmara has undergone significant changes recently due to ris-
ing temperatures and increased industrial pollution, which nega-
tively influence zooplankton ecosystems. Extensive research con-
ducted at the basin level is still required to elucidate the evolu-
tion and changes of this ecosystem that is vulnerable to human 
impacts and climate change.
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ABSTRACT
Between 2021-2022, a dense mucilage disaster occurred in the Sea of Marmara in Türkiye. Mucilage 
mostly covered coastal areas, which juvenile fish use for nurseries, growth, and protection. Due to 
Sand steenbras having been suggested as an environmental bioindicator species for Mediterranean 
coastal waters, this study attempts to reveal post-mucilage distribution and potential differences 
on the timing of hatching, daily age, growth, and mortality as revealed by the otolith microstructure. 
Individuals were sampled using beach seine nets from 12 equally spaced stations along the Sea of 
Marmara. Its presence and significant abundance in 10 out of 12 stations showed the Sand 
steenbras to be a common juvenile species for the Sea of Marmara. Hatching occurs between May-
January, with peak hatching occurring in October. When considering that the mucilage had 
completely disappeared from the environment in August, the first set of hatching months can be 
seen to coincide with the dense mucilage. Thus, Sand steenbras can be considered as able to 
reproduce under these environmental conditions. The daily age of the Sand steenbras juveniles 
ranged between 38-235 days, with a mean of 120.3 ± 1.8 days. The daily growth and mortality rates 
were also calculated respectively as 0.226 mm/day and 4.11%.

Keywords: Hatch date distribution, daily growth, juvenile fish, spatial distribution, mucilage

INTRODUCTION

The Sea of Marmara is a semi-enclosed basin lo-
cated between the Black Sea and the Aegean 
Sea that connects them through the respective 
Istanbul and Dardenelles Straits. The variable 
physicochemical conditions of Marmara Sea 
such as global warming-related changes 
(Savun-Hekimoğlu & Gazioğlu, 2021), fluxiation 
(Altıok & Kayişoğlu, 2015), and pollution (Bilgili 
et al., 2022) cause undesirable environmental 
problems such as mucilage. Mucilage is defined 
as massive gelatinous aggregates that are pro-
duced by marine organisms under these afore-

mentioned undesirable conditions (Mecozzi et 
al., 2001). A dense mucilage event occurred in 
the Sea of Marmara between April-July, 2021. In 
the first months, the mucilage covered relatively 
all surface areas before becoming a submersion. 
The coastal areas later were completely covered 
by mucilage in May and June.

Mucilage has direct and indirect effects on 
aquatic living organisms. Mucilage directly af-
fects sessile animals such as corals, sponges, 
mussels, and anemones by covering them. 
These animals are suspension-feeders, and wa-
ter flow is crucial to their survival. In addition, 
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marine algae and plants need light for photosynthesis. Thus, the 
adverse effects of mucilage on these organisms are fatal and in-
evitable. The indirect effects of mucilage may occur on other an-
imals such as gastropods, decapods, cephalopods, and fish. 
However, relatively few studies have been conducted on this. 
Ertürk-Gürkan et al. (2022) found the mucilage to be consumed 
as a food source by benthic species Eriphia verrucosa. Dalyan et 
al. (2021) studied the effects of mucilage on cryptobenthic adult 
fish assemblages in the North Aegean Sea where mucilage was 
less impactful and stated these species to have had to change 
their habitats due to mucilage. Even worse, Karadurmuş and Sarı 
(2022) revealed mass deaths for 12 teleost, two cartilaginous, and 
four decapod species in the Sea of Marmara.  

Due to mucilage occurring mostly along coastal areas which are 
known as nursery areas for new settlers and juveniles, under-
standing the mucilage-juvenile fish relationship may be import-
ant. Because fish in their early life stages have only been alive for 
a short time, retrospectively monitoring the effects of sudden en-
vironmental conditions may be more logical as these carry more 
noticeable signs regarding adult fish. Micro-increment studies of 
the sagittal otolith allows one to determine the daily age and the 
related time when hatched. Some pollution- and environmental 
change-related variations on these parameters have been previ-
ously examined (Campana, 1984; Meier et al., 2010; Isnard et al., 
2015; Sardi et al., 2021) for some fish larvae and juveniles. Due to 
most teleost fish laying their eggs on surface areas and the fertil-
ization and development of eggs occurring in a pelagic environ-
ment, the success of these development process is questionable 
in the environments where mucilage occurs. This study hypothe-
sizes that eggs may not be fertilized as a result of the dense mu-
cilage aggregates and the need for external fertilization. In addi-
tion, hatching larvae may get stuck in the mucilage and fail to 
move. Larvae may also not be able to find prey after their mouth 
gap opens. All these possibilities may result in high mortalities. 
To understand these effects, the species should be selected as a 
reference as their spawning season overlapped with the occur-
rence of dense mucilage. Thus, the study has selected Sand 
steenbras both for having been suggested as an environmental 
bioindicator species for Mediterranean coastal waters (Tom et 
al., 2003; Funkenstein et al., 2004) as well as for the overlap their 
reproduction cycle had with the dense mucilage event.

Thus, this study aims to reveal evidence for the spawning that 
has occurred using the spatial distribution of biomass and hatch 
date distributions. In addition, the study attempts to observe po-
tential differences regarding the daily age, growth, and mortality 
rates compared to previous studies.

MATERIALS AND METHODS

L. mormyrus juveniles were collected using beach seine sam-
pling from 12 equally spaced stations located along the coast of 
the Sea of Marmara (Figure 1). Monthly beach seine sampling 
hauls were carried out with two replications from each station be-
tween December 2021-March 2022. The length of wings, the 
height of the wings, and the length, width, and height of the bag 
of the beach seine were rigged as 30 m, 1.8 m and 2x2x2 m, re-
spectively. The 4 mm nominal bar length was used in the bag net, 

whereas a 6.5 mm nominal bar length was used in the wing net 
(Figure 2). The beach seine hauls were conducted on seagrass 
beds and sandy habitats. Specimens were kept on ice packs and 
transported immediately to the laboratory. The individuals were 
then measured to the nearest 0.1 cm regarding total length (TL) 
and weighed to the nearest 0.01 g regarding total weight (W). 
The mean abundance at each location was given with the catch 
per unit effort (CPUE) based on the number of fish per haul. The 
CPUE was calculated with the following equation:

CPUE (n / haul) = Ni / Hi                              (1)

where Ni is the total individual number of Sand steenbras ob-
tained from station i in the study period, and Hi is the total num-
ber of hauls from station i. The total number of hauls was calcu-
lated by multiplying the replication number (equal to 2) with the 
total monthly survey number (equal to 4).

The length-weight relationship parameters are calculated using 
Le Cren’s (1951) formula:

W = a * TLb                                                                          (2)

where W is the total weight (g), TL is the total length (cm), and a 
and b are regression parameters. The growth type was identified 
using Student’s t-test in accordance with the following equation 
(Sokal & Rohlf, 1987):

ts = (b - 3) / SEb
                                          (3)

where ts is the t-test value, b is the slope, and SEb is the standard 
error of the slope. Student’s t-test examines the significance of the 
difference of b - 3, which represents isometric growth (Pauly, 1984).

Figure 1.  Study area and sampling stations.

Figure 2.  Technical plan of beach seine net.
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A linear regression analysis (y = bx + a) was used to determine 
the relationships between TL (total length) and FL (fork length), 
as well as TL-otolith length (OL), total weight (TW)-otolith weight 
(OW), TL-otolith width (OWi), TL-OW,  OL-OWi, and OL-OW.

For the otolith microstructure analyses, the sagittal otoliths of L. 
mormyrus juveniles were grounded and polished with abrasive 
papers. The sagittal otoliths of L. mormyrus were removed us-
ing forceps. The right otoliths were placed on a glass slide with 
thermoplastic glue for viewing under a microscope. After 
grounding and polishing, increment rings were counted from 
the first visible check mark succeeding the primordium to the 
outer edge along the maximum diameter axis, as described by 
Brothers (1984; Figure 3).

The daily growth rate (GR) of L. mormyrus was calculated based 
on simple linear regressions using the least-squares method be-
tween the larval lengths (SL) and juvenile lengths (TL) with re-
spect to age in days (Leonarduzzi et al., 2010) according to the 
following formula:

L = a + b(t)                                           (4)

where L is the larval and juvenile lengths, a is a constant, t is a func-
tion of age in days, and b is the daily growth rate (mm). The daily 
mortality rates were estimated using the slope coefficient in the re-
gression relationship of the natural log values of the abundance-
per-length groups (Pauly, 1984). Hatching time was determined by 
subtracting the age in days of the individual from the sampling 
date, and the hatch peak and hatch interval were determined in 
order to apply the calculation over all sampling months. Dissolved 
oxygen, salinity, and temperature were measured using a YSI 6600 
(6-series multiparameter water quality sondes).

RESULTS AND DISCUSSION

In terms of the spatial variation of abundance, L. mormyrus juve-
niles were detected in 10 of 12 stations in the Marmara Sea. L. 
mormyrus juveniles were not found in Stations S9 (Büyükçek-
mece) or S6 (Bandırma Kurşunlu Shores). Stations S3 (Kumbağ) 
and S12 (Yalova Tigem) had the highest abundance with a mean 
of 11.6 ind./haul. Station S7 (Silivri) also had a high abundance 
(9.1 ind./haul). As can be seen in Figure 4, L. mormyrus juveniles 
were well distributed throughout all of the Marmara Sea.

Table 1 summarizes the minimum (min.), maximum (max.) and 
mean (M) lengths for TL and FL, as well as the weight values of 
the 479 individuals. The highest individual number, mean TL, and 
mean FL were detected in January, whereas the max. weight was 
found in February. The length-frequency distribution showed 
27% of the individuals to be found in the 53-57 mm TL group. 
The lowest size (28-32 mm) and highest size (73-77 mm) TL 
groups were represented with low individual numbers due to se-
lectivity and recruitment patterns.

The length frequency distribution shows two different peaks, ac-
cordingly two cohorts in one spawning season (Figure 5).  The 
length–weight relationship curve can be seen in Figure 6. The b 
value was found to significant vary from 3 (t = 2.41; t-table = 1.96; 
t > t-table; p < 0.05) and to exhibit negative allometric growth 
(Table 2).

The measurements related to sagittal otolith length (OL), otolith 
width (OWi), and otolith weight (OW) of the L. mormyrus juve-
niles are shown in Table 3. A linear relationship has been detect-
ed between TL-FL, TL-OL, TW-OW, TL-OWi, TL-OW, OL-OWi, 
and OL-OW. The equations and related parameters are summa-
rized in Table 4.

The pattern for age in days as estimated by the sagittal otoliths 
of L. mormyrus juveniles ranged between 38-235 days. The mean 
age in days of L. mormyrus was determined as 120.3 ± 1.8. The 
youngest individual was sampled on December 16, 2021, where-
as the oldest one was sampled on February 18, 2022. The 120-
139 (22.8%) age-in-days grouping was determined to be the 
dominant age group, followed by the 140-159 (17%) age-in-days 
grouping. The age in days-length key for juvenile L. mormyrus is 
shown in Table 5.

Figure 3.  A 36 mm total length juvenile Sand steenbras 
individual and sagittal otolith at 90 days old.

Figure 4.  Spatial variaiton of mean CPUE of the Lithognathus 
mormyrus in the Sea of Marmara.
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The daily growth rate of the species was found as 0.226 mm/day 

according to the linear regression between the age in days and 

juvenile lengths (Figure 7). The instantaneous and mean daily 

mortality rates of juvenile L. mormyrus were calculated as 0.0403 

and 4.11%, respectively (Figure 8).

By subtracting the age in days from the time of sampling, 

the hatching of L. mormyrus was determined to have oc-

curred between May 2021-January 2022, with an increase 

occurring between August-October and peaking in Octo-

ber (Figure 9).

Table 2. The length-weight relationship parameters of Sand steenbras Lithognathus mormyrus juveniles.

a* b* SE(b)* R2* Growth Type SDa SDb

0.0101 2.947 0.02194 0.98 Negative allometric 0.00945 - 0.01087 2.9043 – 2.9906

*a and b are regression parameters; SE = standard error of the slope (95% CI); R2 = coefficient of determination; SDa = standard deviation of a (95% CI); SDb = stan-

dard deviation of b (95% CI).

Table 1. The length and weight values and temporal variations of juvenile Sand steenbras (Lithognathus mormyrus).

  December January February March Total

Total Length 
(TL; mm)

Individual 146 149 127 57 479
Min. 28.42 30.73 30.13 34.39 28.42
Max. 72.61 74.88 74.84 65.04 74.88
M 47.38 53.24 52.36 50.99 50.95
SE 0.96 0.69 0.79 0.94 0.45
SD 11.65 8.36 8.85 7.07 9.79
CI 47.38 ± 1.58 53.24±1.13 52.36±1.30 50.99±1.58 50.95±0.74

Fork Length 
(FL; mm)

Individual 146 149 127 57 479
Min. 26.45 28.52 28.1 32.25 26.45
Max. 69.09 71.01 68.88 59.95 71.01
M 43.81 50.02 48.7 46.98 47.46
SE 0.95 0.64 0.73 0.89 0.43
SD 11.49 7.77 8.22 6.76 9.42
CI 43.81±1.56 50.02±1.05 48.7±1.20 46.98±1.50 47.46±0.71

Weight (g)

Individual 146 149 127 57 479
Min. 0.2439 0.2445 0.2967 0.3479 0.2439
Max. 3.8538 4.2984 3.9433 2.4182 4.2984
M 1.23 1.46 1.47 1.37 1.37
SE 0.075 0.049 0.063 0.064 0.033
SD 0.91 0.6 0.71 0.48 0.73
CI 1.23±0.12 1.46±0.08 1.47±0.10 1.37±0.11 1.37±0.05

Figure 5.  Length-frequency distribution of juvenile Sand 
steenbras (Lithognathus mormyrus).

Figure 6.  Length-weight relation of juvenile Sand steenbras 
(Lithognathus mormyrus).
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Table 3.  Otolith length (OL), otolith width (OWi), and otolith weight (OW) of Sand steenbras (Lithognathus mormyrus) 
juveniles.

 Individual Min. Max. Mean SE SD

Otolith Length (OL, mm) 200 1.282 3.387 2.331 0.032 2.331 ± 0.053
Otolith Width (Owi, mm) 200 0.885 1.982 1.475 0.018 1.475 ± 0.030
Otolith Weight (OW, g) 200 0.0001 0.0042 0.0024 0.0001 0.0024 ± 0.0001

*OL = otolith length; OW = otolith weight; OWi = otolith width; SE = standard error; SD = standard deviation of b (95% CI).

Table 4. Linear Regression parameters of body measurements and sagittal otoliths of Sand steenbras (Lithognathus 
mormyrus) juveniles.

Relationship Equation SEb* R2* 95% SDb*

TL*-FL* FL = 0.9468TL - 0.9367 0.0073 0.99 0.9322 0.9610
TL-OL* OL = 0.0398TL + 0.3117 0.154 0.88 0.0377 0.0419
TW*-OW* OW = 0.0011TW + 0.0008 0.0006 0.66 0.00101 0.00123
TL-OWi* OWi = 0.0219TL + 0.3687 0.091 0.87 0.0207 0.023
TL-OW OW = 9E-05TL - 0.0023 0.0004 0.83 8.63E-05 9.82E-05
OL-OWi OWi = 0.5376OL + 0.2366 0.073 0.92 0.5133 0.558
OL-OW OW = 0.0022OL - 0.0029 0.0004 0.86 0.002112 0.002365

*TL = total length; TW = total weight; FL= fork length; OL = otolith length; OW = otolith weight; OWi = otolith width; SEb = standard error of the slope (95% CI); R2 = 

coefficient of determination; SDb =  standard deviation of b (95% CI).

Table 5. The age-length key of juvenile Lithognathus mormyrus in the Marmara Sea, Türkiye.

Length 
(mm)

Age in days

20-39 40-59 60-79 80-99 100-119 120-139 140-159 160-179 180-199 200-219 220-239

25-29 1 1
30-34 1 14 5 4
35-39 21 33 19 1
40-44 4 9 23 4
45-49 2 3 19 8
50-54 9 31 73 12
55-59 4 24 61 21 1
60-64 4 7 21 6 2
65-69 2 6 10 3
70-74        2 4 2 2

Figure 7.  Age-length relationship of juvenile Sand steenbras 
(Lithognathus mormyrus).

Figure 8.  Linearized catch curve of juvenile Sand steenbras 
(Lithognathus mormyrus).
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The detection of juvenile individuals for each age-in-days class 
with a significance abundance from each location in the present 
study may be an indication that spawning might have occurred in 
the area and the individuals had not been sampled accidentally. 
According to the microstructure of the sagittal otoliths, the time of 
hatching had occurred between May-January, with peak hatching 
having occurred in October. When considered that the mucilage 
had completely disappeared from the environment in August, the 
first hatching months can be seen to have coincided with the 
dense mucilage. Thus, Sand steenbras can be considered as able 
to reproduce under these environmental conditions. Thus, the hy-
pothesis related to “spawning being prevented due to unsuccess-
ful external fertilization and being stuck in mucilage” is rejected.

Recruitment lengths of Sand steenbras have been stated as 60-70 
mm TL (Matic-Skoko et al., 2007) and 72 mm TL (Lasiak, 1986). 
Ayyıldız et al. (2014) also only found 14 of 416 individual specimens 
to be longer than 75 mm TL. Ayyıldız and Altın (2021) additionally 
measured the largest juvenile individual they found as 74 mm TL. 
The largest individual found in the present study measured was 75 
mm TL, which coincides with the findings of previous studies and 
confirms the relative recruitment length of L. mormyrus. Also, the 
well-distributed age and size class under 75 mm TL in the present 
study may be an indication that recruitment is able to occur. The 
spawning frequency of adult L. mormyrus identified has been 
identified as one clear seasonal peak per year (Bauchot & Hureau, 
1986). Hereby, age 0 cohorts with different ages in days within a 
certain period of this single reproductive period need to be ob-
served as juvenile individuals. The hatch date distribution and 
age-length data set presented in this study have revealed a single 
cohort. This may be proof of the spawning success of adult L. 
mormyrus under mucilage conditions. 

Some population parameters related to stock status, such as 
growth type, condition factors, and daily growth and mortality 
rates were estimated and compared with previous studies. Mat-
ic-Skoko et al. (2007) examined the growth of juvenile L. mormyrus 
ranging from 8 mm-103 mm in length around the Adriatic Sea. 
They found the b exponent estimated from the length-weight re-
lationship to be 3.141 and calculated the condition factor (CF) as 
1.245. Ayyıldız and Altın (2021) calculated the b value as 3.106 in 
the Gökçeada Island of the North Aegean Sea. Reis and Ateş 
(2020) also found the b value for immature individuals to be 3.276 

in the Köyceğiz Lagoon. Meanwhile, the current study detected 
b and CF as 2.947 and 0.94 (SD ± 0.04), respectively. The higher 
b and CF values in the Adriatic Sea, North Aegean Sea, and 
South Aegean Sea indicate those stocks to perhaps have better 
conditions compared to the Marmara Sea. Ayyıldız et al. (2014) 
evaluated the growth parameters of juvenile L. mormyrus around 
the Dardenelles Strait in Türkiye. The distribution for age in days 
was seen to closely correspond to length. Conversely, they found 
a higher mean daily growth rate (0.325 mm/d) compared to the 
current study’s finding (0.226 mm/d). In addition, they found rela-
tively lower daily mortality rates (2.16%) compared to the current 
study’s result (4.11%). Ayyıldız and Altın (2021) also detected a 
higher mean daily growth rate (0.317 mm-1) and relatively compa-
rable mortality rate (4.61%) around Gökçeada Island of the North 
Aegean Sea. Some negative variations related to stock health 
such as conditions, growth and mortality were also detected. 
These differences may be a result of the species’ feeding style, 
which feed by scratching the seabed. Reaching food may have 
been difficult due to the bottom being covered by mucilage. 
Also, the differences may be related to many other variables 
such as variations regarding the physicochemical parameters 
stemming from temporal and geographical differences, food 
availability, and pollutants along coastal areas. Thus, making a 
definitive judgement is difficult due to the studies not have been 
conducted simultaneously.

The timing of hatchings first occurred in May and peaked in Oc-
tober in the present study. The peak hatching period had been 
determined as June-July in the Adriatic Sea (Matic-Skoko et al., 
2007), as August in the Dardenelles Strait (Ayyıldız et al., 2014), 
and between July-December in the North Aegean Sea (Ayyıldız 
& Altın, 2021). The main parameter controlling the spawning ac-
tivity of Sand steenbras has been stated as sea surface tempera-
ture (SST; Vitale et al., 2011). Mandic et al. (2014) studied an ich-
thyoplankton community in Boka Kotorska Bay (South Adriatic 
Sea) and stated Sand steenbras to dominate the ichthyoplankton 
biomass in April, when their measured SST values ranged be-
tween 14.6°C-16.4°C (M = 15.5°C). According to Karadurmuş and 
Sarı (2022), the SST ranged between 14.5°C and 15.6°C in the 
Marmara Sea during the dense mucilage on April 25, 2021. The 
estimated onset of hatching occurred in May 2021. When addi-
tionally examining the fertilization period, the onset of hatching 
in May overlaps exactly with the species SST preferences for 
spawning. The onset of hatching, which seems to have been de-
layed, may actually have been caused not by the mucilage but by 
the factors that had caused the mucilage. In addition, hypoxia 
was reported (dissolved oxygen [DO] ranging between 2.3 mg/l-
3.6 mg/l) in the Marmara Sea in April 2021 (Karadurmuş & Sarı, 
2022), just before the hatching. Meanwhile, this study measured 
DO as ranging between 6.5 mg/l-9.4 mg/l (M = 8.4 mg/l) be-
tween December 2021-March 2022. As the mucilage density de-
creased, the oxygen values were observed to have increased. 
Thus, another possibility for the slightly delayed hatching and/or 
spawning times may have been caused by low oxygen levels.

CONCLUSION

Whether the differences mentioned in this study are directly re-
lated to the mucilage effect or the environmental conditions that 

Figure 9.  Hatching time of juvenile Sand steenbras 
(Lithognathus mormyrus) in the Marmara Sea.



154

Aquat Sci Eng 2024; 39(3): 148-155
Daban, Şen, Öztekin, Ayaz, Altınağaç, İşmen, Yüksek, Özekinci, Çakır, Demirkıran, Uğur, Ayaz and Selçuk. Post-Mucilage Distribution, Daily Growth, Mortality...

caused the mucilage to appear remains unclear. To better under-
stand the direct and indirect effects of environmental factors 
such as mucilage on fish and their early life stages, factors such 
as distribution, feeding, reproduction, behavior, and pollution 
should be monitored more closely during and immediately after 
a mucilage event. Using back-calculated estimations based on 
the micro-increments of juvenile otoliths becomes more accu-
rate when considering the obtained data alongside observations 
that were made during an incident. Simultaneously taking sam-
ples from areas affected by mucilage and unaffected areas 
should also increase the accuracy of back-calculation estima-
tions. The world may encounter similar environmental disasters 
more frequently due to pollution and global warming, which are 
expected to increase in the near future. More detailed studies 
should be performed for understanding the direct and indirect 
effects environmental disasters such as mucilage events have on 
the early life stages of teleost fishes.
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ABSTRACT
The study of reproductive biology is extremely crucial in fishery. Pachypterus atherinoides (Bloch, 
1794) is a good food as well as an ornamental catfish in the World. The present study aims to examine 
the seasonal reproductive behavior of P. atherinoides regarding both its lentic and lotic ecosystems. 
The study was conducted over two years in selected lentic and lotic aquatic ecosystems of the 
Jhargram and Paschim Medinipur districts of West Bengal, India using the seasonally observed 
gonadosomatic index (GSI), fecundity, and gonad maturation stages for both habitats in the study 
area. The study reveals P. atherinoides to show single annual spawning between June-September. No 
significant difference was found regarding breeding period in terms of lentic and lotic aquatic 
ecosystems. This study can help aquaculturists regarding the culture, captive breeding, and 
conservation of P. atherinoides, as well as researchers regarding the biometric study of another fish.

Keywords: Fecundity, gonadosomatic index, gonad maturation, lentic, lotic, Pachypterus 
atherinoides

INTRODUCTION

Fish reproductive biology entails gonad matura-
tion, spawning period, spawning frequency, fe-
cundity, and sexual development. Breeding biol-
ogy, maturation, and fecundity are investigated 
in order to provide data that can be useful re-
garding fish conservation. The frequency of 
spawning in a year for a specific fish species can 
be determined by knowing its spawning period-
icity. The significance of fecundity is self-evident, 
as it indicates the number of eggs that are laid. 
Understanding the fecundity of fish facilitates 
setting the arrangements for effectively hatching 
eggs on a fish farm. This type of research is also 
critical in fishery management. Fundamental 
themes in fish biology also include the descrip-
tion of reproductive techniques and the study of 
fecundity. For one to understand a fish’s life his-
tory, spawning, culture, and administration, one 
also needs to understand fish reproduction. Re-

productive strategies are one of the most im-
portant aspects of stabilizing a population in an 
environment. Examining the stages of gonad 
development for each fish, such as the period of 
the spawning season and the size at first maturi-
ty, is necessary for studying fish reproduction. 
The study of reproductive behavior has focused 
primarily on fish fecundity and the gonadoso-
matic index (GSI). The GSI is a key component of 
fish biology and aids in identifying the fish mat-
ing season by offering a full grasp of fish repro-
duction and the reproductive condition of each 
species (Shankar & Kulkarni, 2005). Fecundity is 
the quantity of maturing eggs a female has be-
fore spawning (Bagenal, 1978). Having a com-
prehensive understanding of fecundity is im-
portant for estimating the commercial potential 
of fish stocks and the spawning stock’s abun-
dance and reproductive potential (Lagler et al., 
1956). Pachypterus atherinoides (Bloch, 1794), 
often known as Indian potasi, is a common cat-

https://orcid.org/0000-0003-3547-6247
https://orcid.org/0000-0002-5821-7937
https://orcid.org/0000-0003-1781-5057
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fish belonging to the family Schilbeidae and is found in rivers and 
ponds throughout India (except Kerala), Pakistan, Bangladesh, 
Nepal, Myanmar, and Bunna (Menon, 1999). It has high nutritional 
as well as ornamental value. The fish meal of the species contains 
343 Kcal in energy, 16 g of water, 58 g of protein, 9 g of fat, and 17 
g of minerals (primarily 1,597 mg of calcium, 595 mg of phospho-
rus, and 41 mg of iron) per 100 g (Gopalan et al., 2004). Aquarists 
are attracted to it because of its bright color and small size. This 
species has been gradually decreasing due to pollution, habitat 
destruction, selective captive breeding, and removal from aquatic 
bodies due to their carnivorous nature, as well as the high demand 
for exotic catfish (African catfish Clarius gariepinus [Burchell, 1822]; 
Thai catfish Pangasius sutchi [Fowler, 1937]). The world has seen 
very little research on the reproductive biology of Pachypterus 
atherinoides (Bloch, 1794). India has yet to have a study on the re-
productive biology of  Pachypterus atherinoides. Gogai  et al. 
(2020) and Jana et al. (2024) only studied this species’ feeding bi-
ology. Gosavi  et al. (2020) studied the reproductive biology 
of Pachypterus khavalchor  in the Panchaganga River of Western 
Ghat, India. Various researchers (Dasgupta, 2004; Chattopadhyay 
et al., 2014; Paul and Chanda, 2017; Gupta, 2015; Jana et al., 
2021A; Jana et al., 2021B; Jana et al., 2022A; Jana et al. 2022B; Sit 
et al. 2020; Chanda and Jana., 2021; Sahil et al., 2023; Sit et al. 
2022A; Sit et al. 2022B; Sit et al., 2023A; Sit et al., 2023B; Jana et al., 
2024) have also studied some aspects of various indigenous fish 
species in West Bengal, but none of these observed the reproduc-
tive behavior of Pachypterus atherinoides. Therefore, the present 
study will depict the seasonal reproductive biology of two differ-
ent habitats that will be important for the conservation and prop-
agation of this species.

MATERIALS AND METHODOLOGY

Collection of fish specimens: Specimens were collected every 
15 days from the selected lentic (ponds) and lotic (river sites) 
habitats of the Paschim Medinipur and Jhargram districts of 
West Bengal, India, during the pre-monsoon (March-June), mon-
soon (July-Oct), and post-monsoon (Nov-Feb) seasons between 
March 2020-February 2022 (Figure 1).

Sex determination: Male and female specimens were identified 
based on genital papilla, with males having a distinct extended 
papilla (Figure 2).

Length and Weight Measurements: Seasonally and ecosystem/
habitat-wise, each specimen’s total weight and length were mea-
sured using a digital scale with 0.01 g accuracy and a digital slide 
caliper with 0.01 mm accuracy, respectively.

Dissection and Internal Organ Measurement: Gonads were col-
lected by dissection with the help of scissors, forceps, needles, 
and a brush. Digital slide calipers were used to measure the 
length, and an electronic balance was used to weigh each gonad.

Gonadosomatic Index (GSI): Howaida et al.’s (1998) formula was 
used to determine the GSI as follows:

                     (1)

Figure 1.  Specimen collection sites.

Figure 2.  Genital apparatus of P. atherinoides. a.) Female; b.) 
Male.
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Fecundity: The egg sac’s front, middle, and posterior regions 
were divided into equal numbers of mature and immature eggs, 
which were then separated and counted using a needle and 
magnifying glass for each portion. The total number of eggs (i.e., 
the fish’s fecundity) is measured using Dewan and Doha’s (1979) 
gravimetric method as follows:

F = n G / g                                            (2)

where F is fecundity, n is the number of eggs in the subsample, G 
is the total weight of the ovary, and g is the weight of the subsa-
mple in grams.

Observed gonad maturation: Examinations were carried out at 
the macro and microscopic (Model-XSP L101) levels to examine 
both species’ cycles of gonad maturation. Female and male go-
nad maturation stages have been divided into the various stages 
of development (Heins & Baker, 1988; Gomes & Araaujo, 2004; 
Gupta & Banerjee, 2013).

Data Analysis: Lastly, the study analyzed the data using the Mic-
rosoft Excel (2019), SPSS (2021), and Origin Pro (2023) software 
systems.

RESULTS AND DISCUSSION

GSI values were highest during the monsoon season (GSIJ-Lentic = 
20.29 ± 6.926 and GSIPM-Lentic = 19.94 ± 8.075; GSIJ-Lotic = 20.72 ± 
6.29 and GSIPM-Lotic = 20.50 ± 7.56) followed by pre-monsoon 
(GSIJ-Lentic = 16.02 ± 4.77 and GSIPM-Lentic = 15.166 ± 4.52; GSIJ-Lotic = 
16.06 ± 4.65 and GSIPM-Lotic = 15.99 ± 4.91), post-monsoon (GSIJ-Len-

tic = 8.85 ± 1.24 and GSIPM-Lentic = 8.52 ± 2.00; GSIJ-Lotic = 8.65 ± 1.46 
and GSIPM-Lotic = 9.05 ± 1.56) in both habitats of the two districts 
(Table 1 & Figures 3-4). The maximum GSI in both habitats oc-
curred from June to September, with the peak value occurring in 
July for the lentic habitats and August for the lotic habitats, while 
the lowest value was in December for both habitats (Figures 5-6). 
The GSI values indicate the breeding season to occur between 
June-September for P. atherinoides. Hossian et al. (2019) report-
ed the GSI to be high between April-June and very low between 

January-March, with the spawning season from April to June 
peaking in April and being at its lowest in May for the P. atheri-
noides from Kangsha River in Bangladesh. Paul et al. (2021) ob-
served the same result as Hossian et al. (2019): After GSI peaked 
in April, it gradually decreased up to July. However, the present 
findings are not related to these two works due to the different 
physicochemical parameters. The current study measure fecun-
dity as 482 ± 203.02 (4.44g -6.57g TW) and 492 ± 236.91 (4.31g 
-6.85g TW) for the respective lentic and lotic areas of Jhargram 
district; while this was measured as 526 ± 243.32 (4.23g -6.77g 
TW) and 538 ± 245.12 (4.36g -6.83g TW) for Paschim Medinipur’s 
respective lentic and lotic areas (Table 2). Hossain et al. (2019) re-
ported fecundity values of 1541-10,043 (2.33-5.59 g), while Paul 
et al. (2021) observed values of 1,805.17 ± 965.71 to 4,553.07 ± 
1,755.36 for the P. atherinoides from Bangladesh. Gosavi et al. 
(2020) measured absolute fecundity to varied between 932-
24,642 eggs/fish and relative fecundity to range between 226-

Table 1. Seasonal GSI of P. athertenoides for both lentic and lotic habitats in Jhargram and Paschim Medinipur districts  
(N = 128)

District Habitat Season
GSI

Min. Max. Mean SD

JHARGRAM

Pond
Pre-monsoon 4.60 23.14 16.0244 4.77928
Monsoon 7.33 32.87 20.2942 6.92698
Post-monsoon 4.73 10.38 8.8555 1.24614

River
Pre-monsoon 3.25 19.93 16.0655 4.65761
Monsoon 8.82 35.60 20.7204 6.29151
Post-monsoon 3.48 10.57 8.6504 1.46845

PASCHIM
MEDINIPUR

Pond
Pre-monsoon 3.55 19.97 15.1664 4.52530
Monsoon 3.55 31.02 19.9467 8.07572
Post-monsoon 2.30 10.70 8.5228 2.00369

River
Pre-monsoon 3.90 20.64 15.9921 4.91183
Monsoon 3.44 33.67 20.5057 7.56303
Post-monsoon 4.21 10.70 9.0554 1.56233

Figure 3.  Seasonal GSI values of P. atherinoides in Jhargram 
(a & b) and Paschim Medinipur (c & d) districts: a & c 
are ponds; b & d are rivers.
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723 eggs/g of body weight for Pachypterus khavalchor. The 
study’s measured fecundity values are lower than those from pre-
vious studies. The R2 values between gonad weight and fecundi-
ty were measured as 0.850 and 0.9047 for Jhargram’s lentic and 
lotic areas and as 0.738 and 0.921 for Paschim Medinipur’s lentic 
and lotic areas, respectively (Figure 8). The R2 values between 
body weight and fecundity were measured as 0.640 and 0.786 for 
Jhargram’s lentic and lotic habitats and as 0.679 and 0.755 for 
Paschim Medinipur’s lentic and lotic habitats, respectively (Fig-
ure 9). Fecundity was positively linearly correlated with gonad 
weight and body weight in both the studied habitats. The same 

result was observed by Hossain et al. (2019) and Paul et al. (2021) 
for the same species and by Islam and Das (2006), Siddique et al. 
(2008), Islam et al. (2011), Malla & Banik (2015), Gosavi et al. 
(2020), and Mawa et al. (2022) for other catfish species. This study 
has divided gonad maturity into 5 stages for P. atherinoides.

Ovary developmental stages (Figure 10):

Immature (Stage 1): Ovaries are thin, colorless, and transparent. 
Small and filiform, they only occupy one-third of the abdominal 
space. Oocytes are exceedingly tiny and invisible to the naked 
eye.

Maturing (Stage 2): Ovaries are pale white/cream in color, with 
minor granulation discernible to the naked eye. Half of the ab-
dominal cavity is taken up by enlargement signs. Small ova, visi-
ble with the naked eye, begin to appear.

Mature (Stage 3): Ovaries are whitish-yellow in color and have a 
greater anterior expansion than Stage 2. Two-thirds of the ab-
dominal cavity is lobular. The ova have a distinct yolk.

Ripe (Stage 4): Yellowish, voluminous, and with blood vessels; 
occupies two-thirds of the abdominal cavity, with a loosening of 
the previously compact arrangement of ova.

Spent (Stage 5): Flaccid, wrinkled, displaying a smaller size than 
Stage 4; ovaries become drastically smaller in both length and 
weight and show a sac-like look with a pale white tint.

Figure 4.  Seasonal variation of GSI for P. atherinoides in both 
habitats of Jhargram (a) and Paschim Medinipur (b)
districts.

Figure 5.  Monthly variation of GSI for P. atherinoides in the 
Jhargram district’s: a.) ponds; b.) rivers.
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Testis developmental stages (Figure 11):

Immature (Stage 1): Testis are thin, threadlike, transparent, and 

white in color, with unorganized tubules.

Maturing (Stage 2): Testis appear slightly longer and slightly 

more bulbous. The appearance of an indistinct vasa differentia.

Mature (Stage 3): Testis become large and creamy white in col-

or. The Ductus difference is distinct. All spermatogenic cells with 

the maximum concentration of spermatids are present in semi-

niferous tubules.

Ripe (Stage 4): Testis are mature and more than two-thirds of 

the abdominal cavity in size. Spermatozoa-filled seminiferous tu-

bules are easily discharged from the testis with a bit of pressure.

Table 2. Total weight, gonad weight, and fecundity of P. athertenoides in both habitats of the Jhargram and Paschim 
Medinipur districts

District Total Weight(g) Gonad weight (g) Fecundity

Min Max M SD Min Max M SD Min Max M SD

JP 4.44 6.57 5.79 0.659 0.21 2.12 1.264 0.50 65.0 798 482.7 203.02
JR 4.31 6.85 5.90 0.748 0.15 2.41 1.250 0.57 65.0 845 492.6 236.91
MP 4.23 6.77 5.93 0.712 0.15 2.30 1.311 0.56 56.0 851 526.9 243.32
MR 4.36 6.83 5.97 0.738 0.15 2.30 1.319 0.56 71.0 864 538.3 245.12

N = 104; JP = Jhargram Pond; JR = Jhargram River; MP = Paschim Medinipur Pond; MR = Paschim Medinipur River

Figure 6.  Monthly variation of GSI for P. atherinoides in 
Paschim Medinipur district’s: a.) ponds; b.) rivers.

Figure 7.  Fecundity of P. atherinoides in both habitats of (a) 
the Jhargram and (b) Paschim Medinipur districts.
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Spent (Stage 5): Flaccid gonads fill over half of the abdominal 
cavity in the spent (Stage 5) condition. Regression of the testis 
occurs. The cells seem to merge. High amount of primary and 
secondary spermatocytes.

During the study of ovary development in the lentic habitats (ponds), 
Stage 1 was noticed from November-March, with a peak in Decem-
ber and a minimum in May. Stage 2 was noticed from Novem-
ber-June, with a peak in April and a minimum in November. Stage 3 
was noticed from March-September, with a peak in June and a min-
imum in September. Stage 4 was noticed from April-September, 
with a peak in July and a minimum in April. Stage 5 was noticed from 
June to November, with a peak in October and minimum in June. In 
the lotic habitats (rivers), Stage 2 of ovary development was noticed 
from November-July, with a peak in March and a minimum in July. 
Stage 4 was noticed from April-September, with a peak in July and 
a minimum in April. Stages 1, 3, and 5 were observed to have the 
same periods as those in lentic habitats (Figure 12). 

For the study of testis development in the lentic habitats, Stage 
1 was noticed from November-May, with a peak in December 
and a minimum in May. Stage 2 was noticed from Novem-
ber-June, with a peak in April and a minimum in November. 
Stage 3 was noticed from February-December, with a peak in 
June and a minimum in December. Stage 4 was noticed from 
April-October, with its peak in July and minimum in April. Stage 
5 was noticed from June-October, with a peak in October and 
minimum in June. For the lotic habitats (rivers), Stage 1 of testis 

Figure 9.  Relationship between fecundity and total weight for 
P. atherinoides in Jhargram (a & b) and Paschim 
Medinipur (c & d) districts; a and c are ponds; b and 
d are rivers

Figure 8.  Relationship between fecundity and gonad weight 
for P. atherinoides in  theJhargram (a &b) and 
Paschim Medinipur (c & d) districts; a and c are 
ponds; b and d are rivers.

Figure 10. External (a-e) and microscopic (f-j) ovary of P. 
atherinoides. Stage 1 (a & f); Stage 2 (b & g); Stage 
3 (c & h); Stage 4 (d & i); Stage 5 (e & j). GC = germ 
cells, Og = oogonia, PO = primary oocyte, PVO = 
primary vitellogenic oocyte, PsVO = post-
vitellogenic oocyte, SVO = secondary vitellogenic 
oocyte, HMO = hydrated mature oocyte. Scale bar 
is at 100 µm.
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development was noticed from November-May, with a peak in 

January and a minimum in May. Stage 2 was noticed from No-

vember-July, with the high in April and low in July. Stage 3 was 

noticed from February-December, with a peak in June and a 

minimum in February. Stage 4 was noticed from March-Octo-

ber, with the high in August and low in March. Stages 1, 3, and 

5 were also observed to be similar to those in the pond habitats 

(Figure 13). The results for GSI, gonad development, and fecun-

dity depict  P. atherinoides  to breed once a year between 

June-September.

CONCLUSION

The breeding season of P. atherinoides has been determined in 
the study area to occur between June-September. Hence, the 
study suggests that government fishery managers take certain 
restrictions when capturing this species during their peak breed-
ing season between June-September. The study’s findings can 
be valuable tools for developing management and protection 
strategies for conservation and captive propagation. The knowl-
edge from the current study may be applied for better managing 
P. atherinoides in India and for future conservation strategies, as 
well as for adopting this species as a possible candidate for com-
mercial aquaculture.
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Figure 11. External (a-e) and microscopic (f-j) testes of P. 
atherinoides. Stage 1 (a & f); Stage 2 (b & g); Stage 
3 (c & h); Stage 4 (d & i); Stage 5 (e & j). S = 
spermatogonia, PS = primary spermatocytes, SS = 
secondary spermatocytes, ST = spermatids, SZ = 
spermatozoa. Scale bar is at 100 µm.

Figure 12. Monthly ovary maturation stages of P. atherinoides 
in both districts: a.) ponds; b.) rivers.
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ABSTRACT
Taste and odour episodes associated with geosmin and 2-methylisoborneol (MIB) produced by 
Cyanobacteria are common problems affecting drinking water supplies. However, it is difficult to find 
the source and species responsible for taste and odour production. The aim of this study was to 
investigate the effect of temperature, one of the most important environmental factors, on the growth 
and odour production of Microcoleus sp. MCAS-MC01 and compare the results with those of two 
other odour-producing cyanobacteria (Oscillatoria sp. UHCC 0332 and Phormidium sp. NIVA-CYA 7) 
isolated and kept in culture collections from geographically different areas. Microcoleus sp. MCAS-
MC01 is a newly isolated geosmin and MIB producer from Türkiye. After complaints arose from 
consumers in a nearby city, samples were taken and a cyanobacterium, Microcoleus sp., was isolated 
from the samples and grown in Z8 medium. Experiments were conducted at 20°C and 25°C for 10 
weeks, and the growth and MIB-geosmin concentrations of cultures were monitored weekly. The 
geosmin concentration reached a maximum 65.73 µg/l and the maximum MIB concentration was 
626.65 µg/l in the study. Higher temperature had a significant positive effect on MIB levels in 
Microcoleus sp. MCAS-MC01 and geosmin levels in Phormidium sp. NIVA-CYA7 (p<0.05). On the 
other hand, the temperature did not affect the growth of all three strains (p>0.05). The results showed 
that taste and odour problems are species-specific, and in some species, they are stimulated by an 
increase in temperature. This study contributes to the understanding of taste and odour problems in 
relation to temperature.

Keywords: Cyanobacteria, Geosmin, 2-methylisoborneol, Microcoleus, Oscillatoria, Phormidium

INTRODUCTION

Climate change and eutrophication are a grow-
ing global issue and cause an increase in the 
occurrence of taste- and odour-producing cya-
nobacteria, which are particularly significant in 
drinking water reservoirs (Akcaalan et al. 2022; 
Mantzouki et al. 2018). Even if hazardous chem-
icals are not always the source of aquatic taste 
and odour, the drinking water sector suffers ad-
verse effects as a result (Watson 2004), since 
customers consider taste and odour as the 
main measure of the safety of drinking water 
and complain at levels as low as 10 ng/l geos-
min and MIB (Zamyadi et al. 2015). Geosmin 
and MIB are produced by members of certain 

groups of benthic and pelagic aquatic microor-
ganisms found in freshwater ecosystems (Wat-
son & Jüttner 2019). Furthermore, there are a 
few additional biological sources that are often 
overlooked, especially those that originate 
from drinking water treatment plants and ter-
restrial ecosystems (Jüttner & Watson 2007).

Water utilities rarely monitor benthic cyanobac-
teria, although there is growing evidence that 
they represent a significant source of taste and 
odour problems (Gaget et al. 2022). Benthic cya-
nobacteria grow in different matrices such as 
sediments, biofilms, and floating mats, and they 
can detach and colonise in treatment plants 
(Gaget et al. 2020). However, a systematic under-
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standing of how benthic cyanobacteria contribute to taste and 
odour episodes is still lacking (Gaget et al. 2022). To date, some 
benthic taste and odour-producing cyanobacteria from Microcole-
us, Oscillatoria, Phormidium, Heteroleibleinia, Leibleinia, Plec-
tonema, Nostoc, Tychonema, Kamptonema, Jaaginema, Lyngbya, 
Leptolyngbya, and Symplocastrum genera have been reported as 
geosmin or MIB producers (Watson et al. 2016). A total of 132 cya-
nobacterial strains from 21 genera and 72 cyanobacterial strains 
from 13 genera have been reported for geosmin and MIB produc-
tion, respectively (Devi et al. 2021). 

Consumer complaints are an important step in coping with taste 
and odour problems in drinking water. After increasing com-
plaints about the taste and odour from a nearby city, samples 
were taken to measure geosmin and MIB in the drinking water 
reservoir. Some samples from benthic mats at the entrance of 
treatment plants were also taken, and the odour-producing cya-
nobacterium were isolated. The species was identified as Micro-
coleus sp. MCAS-MC01, which is the first isolate to produce MIB 
and geosmin in Türkiye. Furthermore, to reveal the effect of tem-
perature on growth and taste and odour production, a study was 
conducted together with two different cyanobacteria strains (Os-
cillatoria sp. UHCC 0332 and Phormidium sp. NIVA-CYA 7) isolat-
ed from geographically different areas to understand the pro-
duction of these metabolites in different cyanobacteria strains. 

MATERIALS AND METHODS

Cyanobacteria strains, culture conditions, and sampling 
procedures
Three benthic filamentous cyanobacteria (Microcoleus sp., Oscil-
latoria sp. and Phormidium sp.) were used in this study. Microcole-
us sp. MCAS-MC01 (Microalgae Culture Collection of Faculty of 
Aquatic Sciences, İstanbul University) was isolated from a drinking 
water treatment plant. The isolate was identified using molecular 
and morphological methods according to Strunecký et al. (2013). 
Oscillatoria sp. UHCC 0332 was obtained from the HAMBI Micro-
bial Culture Collection, University of Helsinki. It is a known geos-
min and MIB producer. Phormidium sp. NIVA-CYA 7 was obtained 
from the Norwegian Culture Collection of Algae, NORCCA. lt is a 
known geosmin producer. All strains were cultured in Z8 medium 
at 20°C and 25°C with a 12 h light:12 h dark period for 10 weeks, 
and sampling was performed at weekly intervals. The lower tem-
perature was selected as 20°C because cyanobacterial dominance 
generally occurs at higher (>20°C) temperatures in aquatic ecosys-
tems (Ozbayram et al. 2022; Robarts & Zohary, 1987). The higher 
selected temperature was 25°C because the benthic cyanobacte-
ria growth rate is generally optimum around 25°C in natural eco-
systems and the 5°C temperature change could have a different 
effect on different cyanobacterial species (Mantzouki et al. 2018).  
To homogenise the aggregated cultures before sampling, the cul-
tures were sonicated from the 2nd week. The growth of the three 
cyanobacteria strains was estimated by measuring the optical 
density at 750 nm (OD750) (Ernst et al. 2005). 

Quantitative analysis of odour production
Geosmin and MIB analysed by Headspace-Solid Phase Microex-
traction (HS-SPME) coupled Gas Chromatography-Mass Spectrome-
try (GC-MS) according to a standard protocol (Kaloudis et al., 2016). 

The GC oven temperature was started at 50°C and reached 250°C 
(12°C/min). Helium was used as the mobile phase (1 ml/min). The 
commercial standards of geosmin and MIB (Sigma CRM47525) were 
used for qualitative and quantitative analyses. Geosmin and MIB 
were quantified according to their m/z ratios (95 for MIB and 112 for 
geosmin) using the selected ion mode. Qualitative m/z values for ions 
were 112 and 126 for geosmin and 95, 108, and 135 for MIB.

Statistics
The t-test in “rstatix” package (Kassambara, 2023) in R software was 
used to analyse the temperature effect on growth and odour (geos-
min and MIB) concentration at a 95% confidence level (ver. 4.3.1) (R 
Core Team 2024). Spearman correlation with the level of significance 
as p<0.001, p<0.05, and p<0.01 was used to analyse the correlations 
between growth and odour concentration (geosmin and MIB) in 
Jamovi software (ver.2.3.1) (Jamovi project 2022). One-way ANOVA 
analysis was conducted to analyse temporal variance of geosmin and 
MIB concentrations at a 99% confidence level in Jamovi.  

RESULTS AND DISCUSSION

Odour production was observed in all three cyanobacteria spe-
cies for 10 weeks at different concentrations. The temperature 
had no statistically significant effect on growth (p>0.05) indicat-
ing these two temperatures (20°C and 25°C) did not have a dra-
matic effect on the growth of the three cyanobacteria strains.

It was observed that the cultures generally started to lose their 
colour after the 9th week of the experiment (Figure 1). Microcole-
us sp. MCAS-MC01 and Oscillatoria sp. UHCC 0332 cultures 
started to die earlier at 20°C than at 25°C. On the other hand, 
Phormidium sp. NIVA-CYA 7 culture started to lose its colour ear-
lier at 25°C than at 20°C (Figure 1). 

Our results showed that temperature had a significant positive 

Figure 1.  Colour changes in cultures.
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effect on MIB production in Microcoleus sp. (t(11.85)=-2.82, p<0.05) 
and geosmin production in Phormidium sp. (t(10.47)=-2.19, p<0.05). 
However, there was no significant effect on geosmin production 
in the other two strains and MIB production in Oscillatoria sp. 
(p>0.05) (Figure 2).  

The maximum geosmin concentration was detected in the 8th 
week at both temperatures reaching 63.11 µg/l at 20°C (Figure 
2a) and 65.73 µg/l at 25°C in Microcoleus sp. (Figure 2b).  Geos-
min production followed an increasing trend until the 8th week 
and started to decrease afterwards (Figure 2). The optical density 
values increased at both temperatures during the experiment. 
Although geosmin production did not differ with temperature, 
the geosmin concentration of Microcoleus sp. MCAS-MC01 cul-
ture was dramatically higher than the threshold limits (10 ng/l) 
and reported environmental concentrations (Qiu et al. 2023).  Mi-
crocoleus species are ubiquitous and form thick mats in different 
habitats, including freshwater ecosystems, a street flowerbed in 
an urbanised area, garden soil, and aquaculture areas (Tee et al. 
2021; Churro et al. 2020; Alghanmi et al. 2018). For example, an 
episodic taste and odour problem related to the geosmin pro-
ducer Microcoleus sp. was reported in a trout farming area, which 
was linked to the appearance of earthy/musty off-flavour and 
poor water quality during the water recirculation period (Robin et 
al. 2006). However, there are a limited number of isolated and 
identified geosmin/MIB-producing Microcoleus species:  Micro-
coleus pseudautumnalis and M. autumnalis (formerly Phormidi-
um autumnale) from Japan, Microcoleus vaginatus CCALA 145 
(formerly Phormidium autumnale) from Switzerland, Microcoleus 
vaginatus from Iraq, M. asticus from Portugal and Microcoleus 
sp. from USA (Teneva et al. 2023; Churro et al. 2020; Niiyama & 
Tuji, 2019; Alghanmi et al. 2018; Oikawa et al. 2015; Izaguirre & 
Taylor, 1995). Therefore, our newly isolated geosmin and MIB 
producer strain from Türkiye makes a major contribution to re-
search on taste and odour producers from Microcoleus genus, 
demonstrating a wide geographical distribution.

MIB levels at 25°C were significantly higher than those at 20°C in 
Microcoleus sp. (t(11.85)=-2.82, p<0.05) reaching 626.65 µg/l at 25 

°C in the 5th week (Figure 3b) and 320.48 µg/l at 20°C in the 8th 
week (Figure 3a). MIB production increased until the 8th and 5th 
weeks at 20°C and 25°C, respectively, and started to decrease in 
the following weeks (Figure 3). In line with our result, Alghanmi et 
al. (2018) also found maximum MIB concentrations at 25°C in Mi-
crocoleus vaginatus compared with 10°C and 33°C. Similarly, Mi-
crocoleus autumnalis (formerly P.autumnale) produces more MIB 
at high water temperatures above 20°C (Oikawa et al. 2015). In 
our study, the maximum total MIB level of our strain (626.65 µg/l) 
was significantly higher than the MIB concentrations measured in 
M. vaginatus (135.8 ng/l) and Lyngbya sp. (260 µg/l) (Izaguirre & 
Taylor, 1995). The results show that our isolate, Microcoleus sp., 
can respond to increasing temperatures by producing higher 
concentrations of the odour compound (MIB) and by surviving 
longer in the environment. Our strain is isolated from a water 
treatment plant that supplies drinking water to more than 200.000 
people. These results are critical for determining water quality 
management strategies to be implemented in water treatment 
plants. Water authorities may encounter the problem intermit-
tently in their drinking water systems, especially in summer 
months, and it may be necessary to implement appropriate treat-
ment systems, such as ozonation or activated carbon, to be used 
when odour episodes occur (Oikawa et al. 2015). 

Temperature had no significant effect on geosmin and MIB pro-
duction in Oscillatoria sp.  (p>0.05). The maximum geosmin pro-
duction was 125.86 µg/l at 25°C and 90.8 µg/l at 20°C in the 9th 
week, followed by a significant decrease in the geosmin concen-
trations at both temperatures (Figure 4). Geosmin concentration 
increased from the 4th week at 20°C until the 9th week, and follow-
ing this, the level of geosmin started to decrease (Figure 4a), 
whereas at 25°C, the trend over time was not as pronounced 
(Figure 4b).

On the contrary, maximum MIB concentrations were significantly 
higher than geosmin at both temperatures and measured as 
1339 µg/l at 25 °C (9th week) and 768.69 µg/l at 20°C (8th week) 
(Figure 5). A significant MIB increase was observed at 20°C from 
the 4th week until the 8th week, following which the level of MIB 

Figure 2.  Comparison of geosmin production and growth in Microcoleus sp. at a) 20°C and b) 25°C.
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started to decrease (Figure 5a). Although there was not a distinct 
MIB trend at 25°C over time (Figure 5b), Oscillatoria sp. showed 
better growth at that temperature, consistent with the literature 
(Sivonen 1990, Cai et al. 2017). Chu et al. (2007) found that Oscil-
latoria sp. became dominant over the common cyanobacterium 
Microcystis sp. at temperatures below 25°C, whereas the con-
trary occurred at temperatures of 30°C and above. When there is 
competition between these two cyanobacteria species in natural 
ecosystems, temperature could be an important driving factor, 
and Oscillatoria sp., an earthy and mouldy odour producer, may 
have an advantage over Microcystis sp., which does not produce 
such odours, at 25°C and below. The information observed in the 
experimental studies also supports our understanding of the 
odour production dynamics in aquatic ecosystems. 

The concentrations of geosmin and MIB in Oscillatoria sp. varied 
greatly at both temperatures. Although these metabolites utilise 
common metabolic pathways in cyanobacteria, their production 
levels may differ (Jüttner & Watson, 2007). However, since the re-
moval of MIB from water is more difficult compared with geos-
min, high levels of MIB can cause a very high economic loss for 

treatment plants (Zamyadi et al., 2015). The temperature could 
triggered odour production in various cyanobacteria species. 
Our results showed that Oscillatoria sp. produced both metabo-
lites in higher concentrations at 25 °C than at 20 °C. In line with 
our results, Cai et al. (2017) also found that the maximum geos-
min production in Oscillatoria limosa occurred at 25 °C.

Higher temperatures resulted in higher geosmin production in 
Phormidium sp. (Figure 6). The maximum geosmin production 
was measured at 25°C as 62.06 µg/l in the 7th week (Figure 6b). 
Our results are in line with Phormidium amoenum isolate from 
South Australia, which had a maximum geosmin concentration 
measured as 49 µg/l at 25°C (Li et al. 2012). Additionally, Doli-
chospermum smithii could also produce a maximum total geos-
min concentration of 19.82 µg/l at 25°C (Shen et al. 2022). In our 
study, the maximum geosmin production at 25°C was three times 
higher than that at 20°C (19.02 µg/l at 20°C, 62.06 µg/l at 25°C) in 
Phormidium sp. The geosmin concentration started to increase 
from the 5th week until the 7th week and started to decrease the 
following weeks at 25°C (Figure 6b). On the other hand, there 
was no significant change over time, with maximum production 

Figure 3.  Comparison of MIB production and growth in Microcoleus sp. at a) 20°C and b) 25°C.

Figure 4.  Comparison of geosmin production and growth in Oscillatoria sp. at a) 20°C and b) 25°C.
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at week 7 being slightly higher than in other weeks at 20°C (Fig-
ure 6a). However, the growth curve of the strain maintained at 
20°C continued to increase throughout the experiment.  Fujimo-
to et al. (1997) found that Phormidium sp. could become domi-
nant over Microcystis sp. at 20°C and a high N:P ratio, whereas 
the advantage shifted to Microcystis sp. at 25°C. Therefore, the 
competitive advantage of Phormidium sp. and associated odour 
production at relatively lower temperatures in aquatic environ-
ments should be considered in water quality management.

These three odour-producing cyanobacteria, Microcoleus sp. 
MCAS-MC01, Oscillatoria sp. UHCC 0332 and Phormidium sp. 
NIVA-CYA 7, showed similar thermotolerance profiles at 20°C 
and 25°C. Comparing the total geosmin production capacity, 
Oscillatoria sp. UHCC 0332 showed highest capacity reaching up 
125.86 µg/l, Microcoleus sp. MCAS-MC01 reaching up 63.11 
µg/l, and Phormidium sp. NIVA-CYA 7 to 62.06 µg/l (Figure 7). 
Regarding MIB production capacity, Oscillatoria sp. UHCC 0332 
showed higher capacity by reaching up 1339 µg/l in comparison 
to the highest concentration measured as 626.65 µg/l in Micro-
coleus sp. (Figure 8).

Geosmin variation was significant over time in Microcoleus sp., 
Oscillatoria sp., and Phormidium sp. at both 20°C and 25°C (Fig-
ure 7). Comparing the temporal variation of geosmin, the con-
centration was significantly different for each week at both 20°C 
and 25°C in all strains except for Phormidium sp. (Figure 7).

Comparing temporal variation of MIB concentration, each week 
was significantly different in Microcoleus sp. and Oscillatoria sp. 
at both 20°C and 25°C (Figure 8).

Geosmin had a strong positive correlation with growth in Micro-
coleus sp. at both temperatures (r = 0.903 for 20°C and  r=0.842 
for 25°C respectively,  p < 0.001), while MIB had only a strong cor-
relation with growth at 20°C (r=0.840 p<0.001). At 25°C, a mod-
erate positive correlation between MIB and growth (r = 0.588 
p<0.05) was detected . Similarly, both geosmin and MIB had a 
strong positive correlation with growth in Oscillatoria sp. at both 
temperatures (r = 0.794, p < 0.01 for geosmin at 20°C and 
r=0.612, p<0.05 at 25°C; r = 0.842, p < 0.01 for MIB at 20°C and 
r=0.721, p<0.05 at 25°C) (Figure 4 and Figure 5), which was con-
sistent with the results of previous studies (Shen et al. 2022, 
Jüttner & Watson 2007).  Shen et al. (2022) highlighted that tem-

Figure 5.  Comparison of MIB production and growth in Oscillatoria sp. at a) 20°C and b) 25°C.

Figure 6.  Comparison of geosmin production and growth in Phormidium sp. at a) 20°C and b) 25°C.
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perature can increase the potential of geosmin/MIB synthesis. 
We also found 20°C - 25°C temperature range is generally fa-
vourable for growth and odour production in cyanobacteria. 
Geosmin had no correlation with growth in Phormidium sp. at 
20°C (r = 0.274 p > 0.05) (Figure 6a), whereas it had a strong cor-
relation at 25°C (r = 0.851 p <0.001) (Figure 6b). We can conclude 
that geosmin production in Phormidium sp. at 20°C may be sup-
pressed because of a possible competition for the essential 
common substrates with Chl-a synthesis, as we found growth 
continued while geosmin concentration had a generally station-
ary trend at 20°C (Shen et al. 2021; Wang & Li, 2015). 

CONCLUSION

Our results highlight the important role of the strain-specific response 
to temperature changes. Furthermore, the production of geosmin 
and MIB compounds differed under different temperatures in our 
strain Microcoleus sp. MCAS-MC01 and Phormidium sp. NIVA CYA7. 
We found that a 5°C temperature difference had a dramatic effect on 
the odour production of different cyanobacterial strains. The total 

odour concentrations without comparing intra- and extracellular 
components were measured in this study. Further studies are needed 
to address whether the temperature had a mechanism to increase in-
tracellular odour production or to affect the release of odour com-
pounds outside the cell. In addition to in vitro studies, to predict the 
effects of changing environmental conditions on odour production in 
natural ecosystems, it is also important to determine the levels of 
odour compounds using in situ studies, such as mesocosm experi-
ments to analyse other biotic and abiotic triggers.  
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ABSTRACT
This study aimed to assess the presence of Staphylococcus species in stuffed mussel samples sold 
in Çanakkale province and to determine the antibiotic resistance of the isolates. A total of 246 
stuffed mussel samples were examined, and two different Staphylococcus (S. warneri and S. 
pasteuri) were isolated from 12.19% of the samples. Among the Staphylococcus isolates, S. warneri 
was detected at a rate of 73.33% and S. pasteuri at 26.67%. Bacterial isolates (N=30) were examined 
for their resistance to amoxicillin/clavulanic acid (30 µg), ampicillin (10 μg), erythromycin (15 µg), 
clindamycin (10 µg), vancomycin (30 µg), oxacillin (5 µg), tetracycline (30 µg), doxycycline 
hydrochloride (30 µg), chloramphenicol (30 µg), streptomycin (10 µg), gentamicin (10 µg), kanamycin 
(30 µg), nalidixic acid (30 µg), ciprofloxacin (5 µg), meropenem (10 µg), imipenem (10 µg), 
sulfamethox/ trimethoprim (25 µg), cefotaxime (30 µg), cephalothin (30 µg), ceftriaxone (30 µg), and 
levofloxacin (5 µg) antibiotics. Resistance to amoxicillin/clavulanic acid and erythromycin was found 
in all S. warneri isolates. In addition, all S. pasteuri isolates were found to be resistant to amoxicillin/
clavulanic acid. In S. warneri isolates, at least three resistance genes (BlaTEM, tetB-6, tetK-8) and up 
to eight resistance genes (BlaTEM, tetB-6, tetK-8, strA-strB, aphAI-IAB, ermC) were identified. All 
S. pasteuri isolates exhibited blaTEM, strA-strB, and aphAI-IAB resistance genes.  In conclusion, it 
was determined that antibiotic-resistant S. warneri and/or S. pasteuri contaminates stuffed mussel 
samples. This study will serve as a valuable resource for enhancing monitoring strategies in stuffed 
mussel production. Further studies should be conducted to determine whether the products are 
suitable for food safety. Therefore, it is necessary to clarify the disease effects and mechanisms of 
the pathogens identified in stuffed mussels.

Keywords: Stuffed mussel, Mytilus galloprovincialis, S. warneri, S. pasteuri, Public health, antibiotic 
resistance

INTRODUCTION

Consumers directly consume ready-to-eat foods 
without requiring processing, such as heat treat-
ment (WHO, 1996; Mosupye & von Holy, 1999). 
Those prepared by street vendors and sold espe-
cially on the streets or other public places are also 
defined as ready-to-eat foods and beverages 
(FAO, 1997). Ready-to-eat meals are encountered 
in various presentations and packaging in mar-
kets, restaurants, and many other areas, with 
street foods being the most prevalent. Street 

foods play a significant role in meeting a substan-
tial part of our daily meal needs and are preferred 
by everyone, regardless of age or profession. 
Street foods can be classified as seafood, ani-
mal-derived products, pastries, sweets, fruits, and 
other gastronomic products (Demir et al., 2017). 
Stuffed mussels, especially in coastal cities, are 
among the most consumed street foods. Ready-
to-eat foods are preferred for reasons such as 
easy accessibility, quick preparation, affordability, 
and compatibility with different taste preferences.

https://orcid.org/0000-0002-9626-5446
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The most significant danger regarding street food is the uncer-
tainty regarding its suitability for consumption in terms of food 
safety. The safety of foods depends on various common factors, 
ranging from the quality of raw materials to food processing and 
storage practises. Most vendors may expose the meals to condi-
tions that are not suitable for food safety, such as “cross-contam-
ination, unhygienic storage, and poor time-temperature” condi-
tions (Lucca and Torres, 2006; Mepba et al., 2007). Products pro-
duced and sold without considering food safety can lead to situ-
ations that endanger human health. Bacteria that contaminate 
food due to various contamination sources and cause epidemic 
diseases in humans are among the primary concerns. In addition 
to causing various infections and diseases, these bacteria are be-
coming increasingly resistant to antibiotics, leading to challeng-
ing-to-treat illnesses. The World Health Organisation (WHO, 
2017) has declared antibiotic-resistant bacteria as the “greatest 
and most urgent global threat” because as resistance to antibi-
otics increases, bacteria develop multiple antibiotic resistance. 
Therefore, antibiotics used for treatment do not yield successful 
results.

Stuffed mussels, generally prepared using Mytilus galloprovin-
cialis, are ready-to-eat meals that are commonly sold on the 
streets in countries with coastlines along Türkiye and the Medi-
terranean. Throughout the processing, preparation, and cooking 
of stuffed mussels, they can be susceptible to human-induced 
contamination, and during the sales process, they may be ex-
posed to environmental factors such as air pollution and insects. 
The high pH and nutrient profile of stuffed mussels create a fa-
vourable environment for microbial growth. Street vendors typi-
cally sell stuffed mussels in open-air environments on tables for 
6-8 hours or even longer (Kişla and Üzgün 2008). Consumers use 
the mussel shell itself as a spoon, remove the stuffing, and con-
sume it. In this case, if the mussel shell is contaminated, it be-
comes a source of risk when it comes into contact with the mouth. 
Leftover stuffed mussels at the end of the day are sometimes 
stored inappropriately in refrigerators (+4 ºC), often at unsuitable 
ambient temperatures, to be put up for sale again the next day.

Studies conducted in Türkiye have reported that stuffed mussels 
may contain Escherichia coli, Staphylococcus spp., Bacillus cere-
us, Vibrio alginolyticus, Listeria monocytogenes, yeast, mold, 
and anaerobic bacteria (Bingol et al., 2008; Durgun, 2013; Üzgün, 
2015; Karademir, 2018; Güngörür, 2019). However, to the best of 
our knowledge, there is no detailed study examining the pheno-
typic and genotypic antibiotic resistances of S. warneri and/or S. 
pasteuri species isolated from stuffed mussels. Staphylococcus 
warneri has been isolated from various sources, including fer-
mented foods, humans, and numerous animal species (Becker et 
al., 2014). Studies in the literature have reported the isolation of 
S. warneri from sea cucumbers (Kim et al., 2017) and marine fish 
flesh (Regecova et al., 2014). Staphylococcus pasteuri has been 
reported to be present in various foods, including goat milk 
(Chesneau et al., 1993), Italian sausages (Rantsiou et al., 2005), 
and retail beef (Bhargava et al., 2014), as well as in drinking water 
(Faria et al., 2009). However, no literature is available regarding 
the isolation of S. warneri and S. pasteuri from ready-to-consume 
stuffed mussels.

S. pasteuri (Petti et al., 2008; Savini et al., 2008; Ramnarain et al., 
2019; Morfin-Otero et al., 2012; Sánchez et al., 2013; Savini et al., 
2009a; Savini et al., 2009b) and S. warneri (Incani et al., 2010; Dim-
itriadi et al., 2014; Gelman et al., 2022; Hoque et al., 2023a; Ho-
que et al., 2023b; Louail et al., 2023; Si et al., 2024) were ap-
peared in reports of different diseases that could be associated 
with human. This study aims to investigate the presence of S. 
warneri and S. pasteuri, which are known to cause significant 
health problems in the respiratory, skin, digestive systems, etc., 
in humans, in stuffed mussels sold in Çanakkale and their resis-
tance to antibiotics.

MATERIALS AND METHODS

Materials 
In the scope of this study, stuffed mussels offered for sale in open 
and closed spaces in the market of Çanakkale Province were 
used as the material. Mussel samples (N=246) were collected 
from a total of 20 locations, with 10 from open spaces (street ven-
dors) and 10 from closed spaces (restaurants, etc.), during the 
peak consumption seasons of spring (May), summer (June to Au-
gust), and autumn (September-October) (Table 1). Ready-to-con-
sume stuffed mussel samples were transported to the microbiol-
ogy laboratory within 30 min in styrofoam boxes at +4ºC. 

Methods
Isolation and identification of bacteria 
For microbiological analyses, 10 g of mussel samples were ho-
mogenised in 90 ml of peptone water for 1 min. Decimal dilu-
tions (10-1 to 10-6) were prepared from the homogenate. From 
these dilutions, inoculations were made using the spread plate 
and pour plate methods. Mannitol Salt Phenol Red Agar (Merck 
105404) was used as the culture medium. The culture plates were 
incubated 35°C for 3 days in the incubator to allow for the devel-
opment of microorganisms. After the bacteria were purified from 
the Mannitol Salt Agar medium where they grew, classical meth-
ods (colony type, morphology, gramme +/- characteristics, oxi-
dase, catalase, H2S, indole, etc.) were used for genus-level iden-
tification. The isolates were grown for stocks in Brain Heart Infu-
sion (Merck 110493) liquid medium. Subsequently, they were 
stored at -80ºC in cryogenic tubes containing 30% glycerol until 
further molecular identification and antibiotic susceptibility test-
ing were performed. 

Species identification of the bacterial isolates 
For DNA (Deoxyribonucleic acid) isolation, the EurX GeneMA-
TRIX Bacterial & Yeast DNA isolation kit from Poland was utilised 

Table 1. Sampling plan for the study.

Seoson/ 
Year

Locations/ 
Count 

Count of the 
Sample

Spring/2021 Street vendors/2 15
Spring/2021 Restaurants/2 15
Summer/2021 Street vendors/5 60
Summer/2021 Restaurants/5 60
Autumn/2021 Street vendors/3 48
Autumn/2021 Restaurants/3 48
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(https://eurx.com.pl/docs/manuals/en/e3580.pdf). The quantity 
and purity of the obtained DNA after isolation were assessed us-
ing the Scientific Nanodrop 2000 device (USA) through spectro-
photometric measurements conducted at Thermo.

In the PCR (Polymerase Chain Reaction) study, target gene re-
gions for species identification were amplified using the univer-
sal primers 27F–1492R. The primer sequences used were 27F 5' 
AGAGTTTGATCMTGGCTCAG 3' and 1492R 5' TACGGY-
TACCTTGTTACGACTT 3' (Lane, 1991). The PCR mixture (35 µL) 
included approximately 1 PCR buffer, 1.5 mM MgCl2, 0.2 mM 
dNTP, 100 ng template DNA, 0.3 µM of each primer, and nucle-
ase-free water. PCR amplification was performed using a thermal 
cycler (Kyratec, Geumcheon gu, Seoul Korea) with the following 
parameters: 95°C for 5 min (initial denaturation), 30 cycles of 
95°C for 45 s (denaturation), 57°C for 45 s (annealing), 72°C for 60 
s (extension), and a final step at 72°C for 5 min (final exten-
sion). Then, 10 µl of the PCR sample was loaded on a 1.5% aga-
rose gel in 1 TAE containing ethidium bromide, and electropho-
resis was performed for 90 min at 100 V. PCR products were 
cleaned and sequenced by BM Labosis (Ankara, Turkey) using 
the universal primers 27F–1492R. Sequence editing was per-
formed using BioEdit (Bioedit v7.0.0). 16S sequences were com-
pared against all GenBank S. warneri and S. pasteuri sequences 
using the BLASTN search at http://blast.ncbi.nlm.nih.gov/. 

Antibiogram tests for Staphylococcus isolates
The Kirby-Bauer disc diffusion test was employed to determine 
the antibiotic resistance of the bacteria (Bauer et al., 1966). The 
analysis execution and interpretation of test results adhered to 
the standards set by the Clinical and Laboratory Standards Insti-
tute (CLSI, 2015; CLSI, 2017). The bacterial strains stored in the 
freezer were initially cultured at least twice in tryptic soy (TS) me-
dium. Subsequently, the bacterial isolates were transferred to 
Mueller-Hinton (MH) solid medium. After successful growth, col-
onies displaying the best development were selected, and their 
density was adjusted to 0.5 McFarland in liquid medium (MH). 
From the adjusted-density liquid medium (0.5 McF), bacterial 
transfers were made to an appropriate solid culture medium us-
ing a sterile cotton swab. After bacterial inoculation on solid cul-
ture media, antibiotic discs [amoxicillin/clavulanic acid (30 µg),  
ampicillin (10 μg), erythromycin (15 µg), clindamycin (10 µg), van-
comycin (30 µg), oxacillin (5 µg), tetracycline (30 µg), doxycycline 
hydrochloride (30 µg), chloramphenicol (30 µg), streptomycin (10 
µg), gentamicin (10 µg), kanamycin (30 µg), nalidixic acid (30 µg), 
ciprofloxacin (5 µg), meropenem (10 µg), imipenem (10 µg), sulfa-
methox/ trimethoprim (25 µg), cefotaxime (30 µg), cephalothin 
(30 µg), ceftriaxone (30 µg), and levofloxacin (5 µg) were placed 
on the culture medium for the disc diffusion test. The plates were 
then incubated at 35°C for 24 h. The resulting zone diameters 
were measured using a ruler and interpreted according to the 
CLSI standards (CLSI, 2015; CLSI, 2017).

Identification of antibiotic resistance genes in bacterial isolates
For the analysis of bacterial antibiotic resistance genes, the EurX 
GeneMATRIX DNA Isolation Kit from Poland was used to isolate 
DNA from 30 samples. After DNA isolation, the quantity and pu-
rity of the obtained DNA were assessed through spectrophoto-
metric measurements using a Thermo Scientific Nanodrop 2000 

device (USA). The contents of the PCR cocktail were adjusted to 
20 µL as 1 PCR buffer, 2 mM MgCI2, 0.2 mM dNTP mix, 0.5 µM of 
each forward and reverse primer, 2 U Taq polymerase, DNA tem-
plate, and PCR grade distilled water. Amplification results ob-
tained through PCR (kyratec thermocycler) were run on a 1.0% 
agarose gel prepared in 1 TAE buffer and subjected to electro-
phoresis at 100 V for 60 min. The gel was then visualised under 
UV light using an ethidium bromide dye. The size of the ampli-
cons was estimated using 50- and 100-pb DNA size markers. The 
primer sequences used are presented in Table 2.

RESULTS 

Identification of the bacterial species 
From 246 mussel samples obtained under different selling condi-
tions, 30 Staphylococcus isolates were obtained through culture. 
Through 16S rRNA analysis, it was determined that the 30 bacteri-
al isolates had a high similarity (≥99.12 - 100%) with species regis-
tered in the GenBank database. Eight of the isolated species were 
identified as Staphylococcus pasteuri, and 22 were identified as 
Staphylococcus warneri. In this study, Other staphylococcus mem-
bers were not isolated, except S. pasteuri and S. warneri.

Antibiotic resistance findings
The phenotypic and genotypic antibiotic resistance results of the 
30 isolates obtained from stuffed mussel samples are presented 
in Table 3. All S. warneri isolates demonstrated resistance to 
amoxicillin/clavulanic acid and erythromycin among the tested 
antibiotics. Additionally, seven S. warneri isolates exhibited inter-
mediate sensitivity to tetracycline and streptomycin, whereas 
eight were found to have intermediate sensitivity to tetracycline 
antibiotics. In S. warneri isolates, at least three resistance genes 
(BlaTEM, tetB-6, tetK-8), and up to eight resistance genes 
(BlaTEM, tetB-6, tetK-8, strA-strB, aphAI-IAB, ermC) were identi-
fied (Table 3).

In this study, it was found that all S. pasteuri isolates were re-
sistant to amoxicillin/clavulanic acid. Eight isolates of S. pas-
teuri were determined to have intermediate sensitivity to am-
picillin and streptomycin antibiotics. Resistance genes 
blaTEM, strA-strB, and aphAI-IAB were identified in all S. pas-
teuri isolates.

DISCUSSION

In the present study, it was determined that antibiotic-resis-
tant S. warneri and S. pasteuri contaminate stuffed mussel 
samples. Similarly, In Italy, samples taken from the preparation 
counters of ready-to-eat meal companies revealed the isola-
tion of S. pasteuri and S. warneri. These isolates were report-
ed to be resistant to antibiotics at rates of 83.3% and 42.9%, 
respectively, among Staphylococcus species (Marino et al., 
2011). In Türkiye, S. warneri was isolated from fish gills sold at 
counters, whereas S. pasteuri was isolated from the skin and 
gills (Çoban & Yaman, 2023).

Similar to the present study, antibiotic resistance of S. warneri 
isolated from seafood was reported in a previous study. Isolates 
of S. warneri from sea fish meat have been reported to be resis-
tant to penicillin, ampicillin, tetracycline, erythromycin, and/or 

https://eurx.com.pl/docs/manuals/en/e3580.pdf
http://blast.ncbi.nlm.nih.gov/
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oxacillin, whereas S. pasteuri isolates have been reported to be 
resistant to penicillin, oxacillin, ampicillin, and/or erythromycin 
antibiotics (Regecová et al., 2014). Moreover, isolates of S. war-
neri from fermented sausage products on the market were re-
ported to be resistant to ampicillin, erythromycin, kanamycin, 
penicillin G, cefalotin, and cefoxitin antibiotics, whereas S. pas-
teuri was reported to be resistant only to erythromycin (Geniş & 
Tuncer, 2018). In a study conducted by Çavdar et al. in 2022, S. 
warneri was isolated from hospital water tanks, showers, and 
taps, whereas S. pasteuri was isolated only from the water tank.

S. warneri causes disease in rainbow trout in Türkiye and shows 
resistance to gentamicin, oxacillin, colistin, oxytetracycline, ty-
losin, spectinomycin, ampicillin, clindamycin, and erythromycin 
antibiotics (Diler et al., 2023).

To date, there is limited information regarding the presence of 
antibiotic resistance genes in isolated species of S. pasteuri and 
S. warneri from aquatic products. For example, S. pasteuri isolat-

ed from Jeotgal has been reported to be resistant to linezolid, 
penicillin, and trimethoprim antibiotics, with trimethoprim resis-
tance associated with carrying the dfrA gene (Jeong and Lee, 
2015).

CONCLUSION

In this study, resistance to amoxicillin/clavulanic acid and erythro-
mycin was observed in all S. warneri isolates. In addition, all S. 
pasteuri isolates were found to be resistant to amoxicillin/clavu-
lanic acid. In S. warneri isolates, the identified resistance genes 
include BlaTEM, tetB-6, tetK-8, strA-strB, aphAI-IAB, and ermC, 
whereas in S. pasteuri isolates, the identified resistance genes 
are blaTEM, strA-strB, and aphAI-IAB. Consequently, this study 
will provide a valuable reference for enhancing monitoring strat-
egies in stuffed mussel production. In further studies, the level of 
public health risk posed by the product should be determined. 
Therefore, it is necessary to clarify the pathogenic potential and 
mechanisms of the pathogens identified in stuffed mussels.

Table 2. List of primers for the detection of antimicrobial resistance genes.

Targeted gene Sequence (5’-3’) Amplicon (pb) References

β-lactamases blaTEM F CATTTCCGTGTCGCCCTTATTC
800

Dallenne et al. 2010
R CGTTCATCCATAGTTGCCTGAC

blaSHv F AGCCGCTTGAGCAAATTAAAC
710

R ATCCCGCAGATAAATCACCAC

blaCrx-M F CGCTTTGCGATGTGCAG
550

Paterson et al. 2003
R ACCGCGATATCGTTGGT

mecA F GTGAAGATATACCAAGTGATT
150

Alfatemi et al. 2014
R ATGCGCTATAGATTGAAAGGAT

Tetracycline tetA F GTAATTCTGAGCACTGTCGC
950

Sengeløv et al. 2003
R CTGCCTGGACAACATTGCTT

tetB F CTCAGTATTCCAAGCCTTTG
400

Sunde and Sørum, 2001
R CTAAGCACTTGTCTCCTGTT

tetE F GTGATGATGGCACTGGTCAT
1100

Sengeløv et al. 2003
R CTCTGCTGTACATCGCTCTT

tetK F TATTTTGGCTTTGTATTCTTTCAT
1150

Trzcinski et al. 2000
R GCTATACCTGTTCCCTCTGATAA

tetM F ACAGAAAGCTTATTATATAAC
171

Aminov et al. 2001
R TGGCGTGTCTATGATGTTCAC

Aminoglycoside 
resistance

strA-strB F TATCTGCGATTGGACCCTCTG 540 Sunde and Sørum 2001
R CATTGCTCATCATTTGATCGGCT

aphAI-IAB F AAACGTCTTGCTCGAGGC 460 Frana et al. 2001
R CAAACCGTTATTCATTCGTGA

aac(3)-IIa F ATGGGCATCATTCGCACA 750 Dai et al. 2010
R TCTCGGCTTGAACGAATTGT

aac( 6’)-Ib F TTGCGATGCTCTATGAGTGGCTA 480 Katalin, 2000
R CTCGAATGCCTGGCGTGTTT

Macrolides ermA F GTTCAAGAACAATCAATACAGAG 420 Lina et al. 1999
R GGATCAGGAAAAGGACATTTTAC

ermB F CCGTTTACGAAATTGGAACAGGTAAAGGGC 360
R GAATCGAGACTTGAGTGTGC

ermC F GCTAATATTGTTTAAATCGTCAATTCC 570
R GGATCAGGAAAAGGACATTTTAC
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ABSTRACT
The primary objective of this study was to explore the potential of Murraya koenigii as a natural 
alternative to synthetic antimicrobial agents for the treatment of edwardsiellosis in gourami fish 
(Osphronemus goramy). This research employed a combination of both experimental and 
descriptive methods. The research followed a two-stage approach. In the first stage, antibacterial 
compounds were extracted and characterized from M. koenigii leaves, followed by an assessment 
of their antibacterial activity against Edwardsiella tarda. The second stage involved applying the 
crude extract of M. koenigii, known for its antibacterial properties, to gourami fish infected with E. 
tarda. The findings revealed that M. koenigii predominantly contains alkaloids, terpenoids, 
saponins, flavonoids, and tannins, all of which exhibit antibacterial activity. The application of the 
crude M. koenigii extract had a substantial impact on the hematological profile of the infected 
gourami fish. The most effective dose in treating Edwardsiellosis in gourami fish was found to be 
600 mg/L, as it significantly improved various hematological parameters, including hematocrit, 
hemoglobin, erythrocyte count, leukocyte count, lymphocytes, monocytes, and neutrophils. 
Additionally, histopathological analysis showed improvements in tissue conditions, with lower 
scores for degeneration, congestion, and necrosis. Furthermore, the survival rate of gourami fish 
reached its highest at 83.33% when treated with the 600 mg/L dose of M. koenigii extract. These 
results suggest the potential of M. koenigii as an effective alternative for the treatment of 
Edwardsiellosis in gourami fish. However, further research is needed to assess the practical 
application of M. koenigii extract in gourami fish culture.

Keywords: Gouramy Fish, Bacterial Fish Diseases, Edwardsiellosis, Fish Diseases Treatment, 
Murayya koenigii

INTRODUCTION

Gourami fish (Osphronemus goramy) is a freshwa-
ter fish species that has been cultured in the South-
east Asian region; its maintenance cost is relatively 
low, and it has adaptability with low dissolved oxy-
gen content. Gourami fish also has a relatively sta-
ble high selling price (2.28 USD/kg) (Al-Baiquni, 
2019). However, an intensive maintenance strategy 
to pursue production targets evokes damage to 

the immune system and susceptibility to diseases 
which evokes high economic losses if not resolved 
(Abdel-Latif et al., 2020). 

Edwardsiella tarda is a species of the Gram-nega-
tive bacteria, which poses a significant challenge 
to the aquaculture industry. It is responsible for 
causing edwardsiellosis, a disease that has been 
identified as a major threat to various economi-
cally valuable fish species globally (Li et al., 2019). 
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This pathogen has led to substantial losses in the aquaculture sec-
tor, with significant impacts observed in countries such as the United 
States of America, Japan, and various European and Asian coun-
tries. In scenarios where fish are raised in ponds with limited water 
circulation, losses due to E. tarda infections can be particularly se-
vere, sometimes reaching as high as 50% (Kole et al., 2017).

The effective treatment of edwardsiellosis, caused by E. tarda in-
fection, has been achieved through the use of antibiotics such as 
tetracycline and kanamycin. However, the widespread and inap-
propriate use of antibiotics has led to significant problems. These 
challenges encompass the development of antibiotic resistance 
in E. tarda and the potential presence of antibiotic residues in 
human populations (Xu et al., 2019). As highlighted by Harikrish-
nan et al. (2020), the use of antibiotics and chemical agents in 
aquaculture can also pose risks, including concerns related to 
water toxicity, public health, and environmental damage.

One potential solution to address the aforementioned challenges 
involves the utilization of a natural bioactive crude extract derived 
from curry leaves, Murraya koenigii, which contains antibacterial 
compounds. M. koenigii is a plant belonging to the Rutaceae fam-
ily and is commonly found in tropical and subtropical regions. Ex-
tensive phytochemical analyses of M. koenigii have revealed a 
wide range of natural compounds, including alkaloids, sesquiter-
penes, essential oils, and alkenes (Patil et al., 2024). Different parts 
of the M. koenigii plant exhibit various biological activities, includ-
ing anti-inflammatory, antioxidative, nephroprotective, hepato-
protective, anti-listerial, and antibacterial properties (Ma et al., 
2019). To gain a deeper understanding of the bioactive compo-
nents of M. koenigii, researchers conducted GC-MS (Gas Chroma-
tography-Mass Spectrometry) analysis. They investigated the 
chemical composition of the ethanol extract of M. koenigii using 
GC-MS and compared the mass spectra of the identified com-
pounds in the extract to the National Institute of Standards and 
Technology (NIST) library (Azhagu et al., 2021). The analysis of the 
ethanol extract of M. koenigii revealed the presence of two prima-
ry compounds: 1-methyl-pyrrolidine-2-carboxylic acid, which con-
stituted 69.00% of the extract, and ethyl α-glucopyranoside, mak-
ing up 13.36% of the extract (Salikutty et al., 2012).

Numerous investigations have explored the potential antibacte-
rial properties of M. koenigii, but its specific use as an antibacte-
rial agent against in vitro antibacterial activity was investigated 
by  Syaifurrisal et al. (2021) and its application in the treatment of 
fish has never been explored. It is imperative to initiate research 
and studies focused on the identification of active compounds 
within M. koenigii with antibacterial properties. Furthermore, 
these studies should investigate the feasibility of employing 
these compounds as potential drug candidates for the treatment 
of E. tarda infections in gourami fish. This research should en-
compass comprehensive hematological and histopathological 
examinations to determine the potential therapeutic effects.

MATERIAL AND METHODS

Experimental fish and bacteria
Experimental gourami fish samples (7-10 cm) were provided from 
fish farms located in Tulungagung, East Java, Indonesia. To con-

duct antibacterial activity testing, a pure culture of E. tarda was 
acquired from BUSKIPM Jakarta. The culture and revitalization of 
E. tarda bacteria were facilitated using TSB (Tryptic Soy Broth) as 
the growth medium. The LD50 (Lethal Dosage 50) test was carried 
out to determine the density and time required for bacteria to kill 
50% of the experimental fish (Rattanachaikunsopon & Phumkha-
chorn, 2010). The LD50 test uses a pure culture of E. tarda bacteria 
with a density 109 cells/ml, 108 cells/ml, 107 cells/ml, 106 cells/ml, 
and 105 cells/ml. The E. tarda used in the study had a density of 
2.53 x 107 cells/mL, as determined by the LD50

 results. In this test, 
fish were put into treatment containers with a stocking density of 
10 fish/container.

Antibacterial activity testing was carried out using a disc test to 
examine the inhibitory power of the crude extract of M. koenigii 
leaves on E. tarda bacteria. According to Ulmursida et al., (2017) 
in testing how big the impact of giving the extract is and if the 
diffusion method shows positive results, the clear zone area re-
sults will be obtained by reducing the diameter of the clear zone 
by the diameter of the paper disc (6 mm). E. tarda cell damage 
was analyzed by comparing SEM photos (normal conditions and 
after the bacteria were treated with crude extract of M. koenigii 
leaves so that a picture of bacterial cell wall damage was visible. 
According to Nursidika et al., (2014), determining the antimicro-
bial mechanism can be done using the SEM method. The work-
ing principle of SEM is the creation of images based on the de-
tection of new (secondary) or reflected electrons that appear or 
emerge from the sample surface when the sample surface is 
scanned using an electron beam. 

Experimental design
To infect experimental fish with E. tarda bacteria, the experimen-
tal fish were soaked in a pure culture of E. tarda. Soaking was car-
ried out in an aquarium measuring 30 x 30 x 30 cm with a density 
of 10 fish in 20 liters of water at a temperature of 27-30oC. Obser-
vations of fish death were then carried out for 96 hours, accord-
ing to the statement of Wulandari et al. (2014), since this was the 
time commonly used in short-scale bioassays. This research em-
ployed a combination of both experimental and descriptive 
methods. The experimental approach was employed to obtain 
quantitative data for this study, while the descriptive method was 
utilized to comprehensively depict the natural bioactive compo-
nents found in M. koenigii and their effects on the hematological 
and histopathological aspects of gourami fish. In this study, vari-
ous treatments were administered, including negative control 
(K-) infected fish that were not treated, positive control (K+) nor-
mal fish that were not infected, as well as doses of 500 mg/L, 600 
mg/L, 650 mg/L, and 700 mg/L (three repetitions, 10 fish each). 
The selection of these dosages was based on prior in vitro re-
search conducted by Syaifurrisal et al. (2021). 

Extraction of M. koenigii
The M. koenigii leaves utilized in this study were collected from 
the Ampel Religious Tourism area of Surabaya, Indonesia, and 
extracted with ethanol as the maceration solvent. To ascertain 
the presence of active compounds in the extract, several tests 
were conducted by the methodology outlined by Dewi et al. 
(2019). These tests encompassed phytochemical screening, UV-
Vis (Ultraviolet-Visible) analysis, and FTIR (Fourier-transform in-
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frared) spectroscopy. The primary objective of phytochemical 
screening was to detect the presence of active compounds in the 
plant extract such as saponins, tannins, flavonoids, alkaloids, and 
terpenoids, within the crude extract of M. koenigii leaves. 

The extract was then also tested for LC50 (Lethal Concentration) 
to determine the concentration of the extract that could cause 
50%, to determine a dose that was safe and did not cause death 
in experimental fish (Suciati et al., 2012). In this test, fish were put 
into treatment containers with a stocking density of 10 fish/con-
tainer. Then the aquarium is filled with extract according to the 
treatment. The behavior, number of fish that died, and the time 
were recorded. The test was repeated if fish in the control treat-
ment experienced mortality above 10% (Taufik & Setiadi, 2012).

Histopathology analysis
Edwardsiellosis can be observed with symptoms such as le-
sions in muscle tissue, skin, and internal organs, such as kid-
ney tissue (Harikrishnan et al., 2020). Kidney tissue can be an 
important organ in the study of pathogenic mechanisms and 
immune responses in fish (Rauta et al., 2012; Bailey et al., 
2020). The relationship between the severity of histological 
changes due to bacterial infection and the immune response 
can be elucidated by the study of these organs. Some studies 
report kidney tissue is used as histopathology analysis for ed-
wardsiellosis in fish (Cheng et al., 2020; Kalindamar et al., 
2020). To determine the characteristics of kidney tissue, histo-
pathological observations of gourami fish were carried out. 
The staining method used Haematoxylin Eosin previously 
fixed with 10% formalin and calculations were used to assess 
the impact of M. koenigii extract on edwardsiellosis, as de-
scribed by Maftuch et al. (2015). Also, the normal and patho-
logical semi-quantitative approach was used to compare nor-
mal tissue samples with tissue that had been affected by the 
pathogen. This involved determining the extent of staining in 
stained areas and manually calculating the percentage of af-
fected tissue, following the method outlined by Maftuch et al. 
(2015). This histopathological analysis was performed with 
three replications, and for each treatment, five distinct views 
were examined to ensure a comprehensive assessment.

Blood analysis
Hematological observations encompassed the assessment of 
several parameters, including hematocrit value, hemoglobin lev-
els, erythrocyte count, leukocyte count, monocyte count, lym-
phocyte count, and neutrophil count, following the methodolo-
gy outlined by Maftuch (2018). These observations were con-
ducted by extracting blood from the lateral line of the gourami 
fish using a 1 ml syringe, which had been preloaded with 0.5 µL 
of EDTA as an anticoagulant. The blood cell count was then de-
termined. This test aimed to evaluate the condition of infected 
gourami fish after the administration of M. koenigii extract. The 
blood analysis was performed with three repetitions and moni-
tored before infection, after infection, and after treatment.

Survival rate
To assess the effectiveness of M. koenigii in treating Edwardsiel-
losis, the survival rate was calculated with the formula given by 
Kasnir et al. (2023). The research spanned 7 days for survival rate 

assessment, involving three replications for each treatment 
group and a sample of 10 fish in each replication.

Notes:

SR: Survival Rate (%)

Nt: The quantity of fish at a specific time point t (individual)

No: The initial count of fish at the start of the experiment (individual)

Data analysis
In this study, data analysis was carried out in a completely ran-
domized design (CRD) using the Statistical Package for the So-
cial Sciences (SPSS) 25.0 for Windows software application.

RESULTS AND DISCUSSION

Active compound present in M. koenigii
The phytochemical tests conducted on the crude extract of M. 
koenigii leaves are summarized in Table 1. The results of the phy-
tochemical screening indicated that the crude extract derived 
from M. koenigii leaves contained various active compounds, in-
cluding flavonoids, alkaloids, saponins, terpenoids, and tannins. 
These outcomes are consistent with the findings reported by 
Fauziah et al. (2014), who also identified alkaloids, steroids, flavo-
noids, tannins, and phenolic compounds as the natural bioactive 
constituents present in the crude extract of M. Koenigii.

To validate the presence of the active constituents identified in 
the phytochemical test results, further analysis of the crude ex-
tract from M. koenigii was conducted using both a UV-Vis spec-
trophotometer (Table 2) and an FTIR (Fourier-transform infrared) 
spectrophotometer (Table 3). The UV-Vis observations indicated 
that the dominant compounds in the extract were derived from 
the alkaloid group (with a peak at 3.893), saponin group (peaking 
at 3.824), and terpenoid group (peaking at 4.016). These groups 
exhibited notably high absorbance values. Conversely, flavo-
noids (with a peak at 0.022) and tannins (peaking at 1.590) dis-
played comparatively lower absorbance values. According to 
Hammado and Illing (2013), absorbance values can provide in-

Table 1. Phytochemical Test Results.

Active  
Compound

Result Description

Flavonoid + Formed pink color
Saponin + Formed non-permanent foam
Alkaloid
- Dragendroff + An orange precipitate formed
- Meyer + A white precipitate formed
- Buchardat + A brown precipitate formed
Tannin + A blackish brown color is formed
Terpenoid
- Steroid - Formed a bluish green color
- Triterpenoid + A brownish-orange color is formed
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sights into the concentration of bioactive compounds within the 
extract. A higher absorbance value suggests that the absorption 
band contains specific compounds with a stronger absorption af-
finity. Furthermore, the FTIR observations unequivocally con-
firmed the presence of compounds such as flavonoids, alkaloids, 
saponins, terpenoids, and tannins. 

Histopathology analysis 
The histopathological images presented in Figure 1 offer valu-
able insights. The kidney tissue of healthy fish appears normal, 
showing no signs of cellular damage. The cross-section of the 

network, including the glomerulus and tubular tissue exhibits a 
healthy state. The distal tubule tissue and hematopoietic tissue 
also display normal conditions, devoid of any damage. This con-
trasts with infected fish, where congestion is apparent. The red-
dish color observed in kidney cells is indicative of congestion re-
sulting from an increased presence of blood clots within the 
blood vessels, as explained by Parameswari et al. (2013). In se-
vere cases, congestion can lead to ruptured blood vessels, ulti-
mately causing cell death or necrosis, characterized by changes 
in cell nuclei, where the nuclei become denser and darker (a con-
dition known as pyknosis) (Abdelfadeel et al., 2023). Coagulative 
necrosis, described by Adinata et al. (2012), involves densely 
packed and fixed protoplasmic cells that can still be observed 
under a microscope.

Takashima and Hibiya (1995) define necrosis as a state of reduced 
tissue activity marked by the progressive loss of cell compo-
nents, accompanying cell degeneration in organisms. In histo-
pathological terms, the use of M. koenigii is shown to inhibit E. 
tarda infection in gourami fish. Many prior studies have explored 
the application of M. koenigii in treating pathogenic bacteria 
such as Escherichia coli, Aeromonas hydrophila, Citrobacter fre-
undii, Vibrio parahaemolyticus, Vibrio vulnificus, Staphylococcus 
aureus, Streptococcus agalactiae, and Streptococcus anginosus 
in fish in vitro (Heny et al., 2011; Najiah et al., 2011). However, this 
research is the first to demonstrate the effectiveness of M. koe-
nigii in treating E. tarda infection in gourami fish. Notably, kidney 
necrosis was observed to increase in average scores at the 650 
mg/L and 700 mg/L treatments, indicating that the extract 
reached its optimal efficacy for treatment following E. tarda in-
fection. Doses exceeding this optimal point appeared to result in 
more severe kidney tissue damage. 

According to Kumar et al. (2012), proximal tubular epithelial cells 
are highly susceptible to the effects of toxic substances. This vul-
nerability arises because toxic substances tend to accumulate at 
higher levels in the proximal tubules due to active processes of 
absorption and secretion in this region. Additionally, the proxi-
mal tubules have elevated levels of cytochrome P450 enzymes, 
which play a role in either detoxifying or activating toxic sub-
stances (Ge et al., 2022). Consequently, these tubules are often 
the primary targets of the adverse effects caused by toxic sub-
stances. Continuous exposure of the proximal convoluted tubule 
to toxic substances can result in cellular injury, ultimately leading 
to cell death, known as necrosis (Moore et al., 2021).

In the overall evaluation of the comparison to the positive con-
trol group, the treatment with M. koenigii extract appeared to 
have a positive impact on mitigating the extent of kidney necro-
sis (Figure 2). This positive effect can be attributed to the bioac-
tive compounds present in M. koenigii’s crude extract, such as al-
kaloids and flavonoids, which can stimulate the fish’s immune de-
fense system. Previous studies have indicated that alkaloids and 
flavonoids possess antibacterial properties (Donadio et al., 2021; 
Yan et al., 2021). Alkaloids can disrupt bacterial cell membranes, 
inhibiting bacterial growth (Jubair et al., 2021), while flavonoids 
can cause physical membrane disruption and act as inhibitors of 
ATP synthase (Donadio et al., 2021).

Table 2. UV-Vis peak point data from M. koenigii 
extract.
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662.0 0.022 Flavonoid (Obaseki et al., 2017)
294.9 1.590 Tanin (Lestari & Sidik, 2013)
220.0 3.480 Alkaloid (Hammado & Illing, 2013)
217.0 3.577 Alkaloid (Hammado & Illing, 2013)
213.0 3.893 Alkaloid (Hammado & Illing, 2013)
211.0 3.824 Saponin (Amanati et al., 2017)
205.1 4.016 Terpenoid (Agustini et al, 2019)
202.1 3.879 Terpenoid (Agustini et al., 2019)

Table 3. FTIR spectrophotometer wavelength 
absorption data from M. koenigii extract.

FTIR wave-
length (cm-1)

Functional 
groups

Group

1453.868 N-H Alkaloid  (Hammado & Illing, 
2013)

1627.321 C=O Alkaloid (Aksara et al, 2013)
1453.868 C-H alifatik Alkaloid (Hammado & Illing, 

2013)
1163.814 N-H bending Alkaloid (Aksara et al, 2013)
1069.868 N-H bending Alkaloid (Aksara et al, 2013)
928.175 Tekuk  C- H Alkaloid (Santi, 2010)
2924.574 -OH Terpenoid  (Agustini et al., 

2019)
2855.169 C-H alifatik Terpenoid  (Agustini et al., 

2019)
1713.556 C=O Terpenoid  (Agustini et al., 

2019)
1314.393 C-O-H Tanin (Sari et al., 2015)
679.341 C-H bending Tanin (Sari et al., 2015)
583.419 C-H bending Tanin (Sari et al., 2015)
1209.989 C-O Saponin (Bintoro et al, 2017)

835.125 C-H Flavonoid (Ningrum et al, 
2017)
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The treatment with the lowest average score for abnormal histo-
pathological findings was observed at a dose of 600 mg/L, which 
resulted in 1.5 for degeneration, 1.1 for congestion, and 2 for ne-
crosis. This indicates that 600 mg/L was the most effective dos-
age of M. koenigii for treating edwardsiellosis in gourami fish. 
According to Kim & Yang (2018), employing natural active ingre-
dients at the appropriate dosage can stimulate the immune sys-
tem and enhance protection against infections. Interestingly, af-
ter the decrease in damage scores observed in the extract con-
centrations ranging from 500 mg/L to 600 mg/L, there was a no-
ticeable increase in congestion at the 650 mg/L and 700 mg/L 
treatment levels. This suggests that the extract’s effectiveness 
had reached its peak at the optimal dosage, and doses higher 
than this optimum could become toxic, causing more severe kid-
ney tissue damage. At high doses, the secondary metabolites 
present in the crude extract of M. koenigii leaves can be toxic to 
gourami fish. According to Rand et al. (2015), as the dose of the 
extract administered increases, the damage to tissue cells also 
intensifies. This study also showed that no test animals suc-
cumbed during the treatment process because the density of 
bacteria and the concentration of the extract dose used had 
been through acute LD50 and LC50 toxicity tests to assess the 
acute safety of a drug or substance to be used.

SEM test (Scanning Electron Microscopy) 
The SEM results offer insights into the effects of the treatment on 
the structural changes in bacterial cells (Figure 3). Figure 3A 
shows the morphology of E. tarda bacteria with no apparent 
damage to their cell walls, while Figure 3B presents morpholog-
ical images of E. tarda bacteria that have experienced lysis due 
to instability in their cell walls. For bacterial fish pathogens, after 
entering the host body, the first step for inducing an infection is 
the attachment, colonization, and biofilm formation of the micro-
organism on the host cells and tissues which is generally linked 
to their cell wall proteins. According to Hussain et al (1997), accu-
mulative growth on polymer surfaces resulting in biofilm forma-
tion; it was contributing to pathogenicity by reducing the efficacy 
of host defenses and antimicrobial killing. This instability disrupts 
bacterial metabolism, depletes ATP reserves, and decreases cell 
acidity. Several studies have elucidated this phenomenon, which 
occurs when antibacterial compounds induce changes or lysis in 
the protein structure, cell wall stability, and bacterial plasma 
membrane. This is a result of antibacterial compounds (bacterio-
static effect) binding to proteins through hydrogen bonds (Zhou 
et al., 2022). Alkaloid compounds, known for their antibacterial 
properties, can interfere with the formation of cross-bridges 
within the peptidoglycan constituent components of bacterial 
cells. This interference prevents the complete formation of the 
cell wall layer, ultimately leading to the removal of the bacterial 
cells from the host’s cell surface as explained by Ernawati and 
Sari (2015). Antimicrobials are bacteriostatic if they only inhibit 
bacterial growth as compound application continues. However, if 
it is stopped or finished, bacterial growth will increase again 
(Soelama et al., 2015).

Hematology
The collected data included measurements of hematocrit, he-
moglobin, and erythrocyte levels, as depicted in Figure 4. The 

Figure 2.  Histopathological Scoring Test Results (A) 
Degeneration, (B) Congestion, and (C) Kidney 
Necrosis of Gourami Fish.

Figure 1.  Kidney Histopathological Overview of Gourami 
Fish / 400x. (A) Normal (non-infected) /K+, (B) 
Infected fish (not-treated) / K-, (C) treated with 500 
mg/L. (D) treated with 550 mg/L. (E) treated with 
600 mg/L. (F) treated with 650 mg/L. (G) treated 
with 700 mg/L, (Yellow Arrow: Degeneration; Green 
Arrow: Congestion; White Circle: Necrotic Area)



184

Aquat Sci Eng 2024; 39(3): 179-188
Syaifurrisal, Suciyono, Santanumurti, Prajitno, Fadjar, Riyadi, Fauziyyah,  Pariawan and Abualreesh. Effect of Curry Leaf (Murraya koenigii) as Edwardsiellosis...

optimal hematocrit value was achieved in the treatment with a 
dose of 600 mg/L, reaching 32.67%. Regression analysis re-
vealed that the crude extract of M. koenigii had a 73% positive 
effect on improving hematocrit values, which were notably low-
er after infection, at 19.50%. Similarly, the hemoglobin level 
showed a significant increase in the 600 mg/L treatment, reach-
ing 4.504 g%. M. koenigii demonstrated a 78% effect in improv-
ing hemoglobin values, which had declined to 2.652 g% after 
infection. The highest increase in erythrocyte values was also 
observed in the treatment with an extract concentration of 600 
mg/L, reaching 3.27 x 106 cells/mm3. The crude extract of M. 
koenigii exhibited a remarkable 78% effect in enhancing eryth-
rocyte values, which had dropped to 1.73 x 106 cells/mm3 after 
infection. These findings indicate that the extract concentration 
of 600 mg/L was the most effective in increasing blood param-
eters after E. tarda infection in gourami fish. The increase in he-
matocrit, hemoglobin, and erythrocyte levels in the blood of 

gourami fish can be attributed to the bioactive properties of 
the extract, such as terpenoids. According to Sundaryono 
(2011), terpenoids can stimulate erythropoiesis, the process of 
erythrocyte formation in the bone marrow. The results of UV-Vis 
observations in this study showed that the dominant com-
pounds in the extract came from the alkaloid group (with a 
peak of 3.893), the saponin group (peak of 3.824), and the ter-
penoid group (peak of 4.016). These groups showed very high 
absorption values.

According to Anderson and Siwick (1993), when fish are infect-
ed, their hematocrit levels tend to decrease. A hematocrit value 
below 20% indicates erythrocyte deficiency. Zorriezahra et al. 
(2010) stated that a low erythrocyte count and hematocrit level 
are indicative of anemia in fish. Hardi et al. (2011) also explained 
that an increase in total erythrocytes in fish blood indicates a 
homeostatic response in the fish’s body. This response aims to 
produce more blood cells to replace erythrocytes that may 
have undergone lysis due to infection. Conversely, the decline 
in hematocrit, hemoglobin, and erythrocyte values at doses of 
650 mg/L and 700 mg/L was attributed to excessive dosages 
causing stress in the fish. This stress was evident from the lower 
survival rates of the test fish at these two higher doses com-
pared to the 600 mg dose. According to Awad and Awaad 
(2017), the more extracts used will not necessarily help treat-
ment efforts due to bacterial infections. The active components 
contained in an extract are toxic to test animals if the concen-
tration is too high. Using natural ingredients at the right dosage 
can stimulate the immune system and increase protection 
against infection.

Treatment with various doses of M. koenigii also caused different 
effects on the leukocyte, lymphocyte, monocyte, and neutrophil 
values of the fish samples (Figure 5). Following treatment with M. 
koenigii, there was a notable decrease in leukocyte values. The 
most effective dose observed during the study was 600 mg/L, 
which reduced leukocyte count from 15,7x104 cells/mm3 to 9.6 x 
104 cells/mm3. Regression analysis revealed that the 600 mg/L 
dose of M. koenigii had a 61.59% positive effect on improving leu-
kocyte values. This reduction in leukocyte count indicated that the 
M. koenigii extract played a role in the process of treating gourami 
fish after they were infected with E. tarda bacteria. According to 
Rieger & Barreda (2011), an increase in the number of leukocytes 
in the blood is an indication of leukocytes mounting an immune 
response to bacteria, while a decrease in leukocyte count signifies 
healing and the cessation of the inflammatory process.

Lymphocyte values showed a significant decrease to 48% after 
the fish were infected with bacteria. However, after treatment, 
lymphocyte values began to increase, with the most substantial 
increase occurring at an extract concentration of 600 mg/L, 
reaching a 68.88% increase. This rise in lymphocyte count follow-
ing treatment indicated that the compounds present in the crude 
extract of M. koenigii could enhance the gourami fish’s immune 
system in combating E. tarda bacterial infection. As stated by 
Kim & Yang (2018), natural ingredients, when used at the right 
dosage, can stimulate the immune system and enhance protec-
tion against infections.

Figure 3.  Morphology of E. tarda bacteria after SEM test 
(Lysis) (A) Without treatment, (B) With treatment of 
M. koenigii.
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Monocyte and neutrophil values   showed a decrease after treat-
ment with M. koenigii extract. The best reduction in monocyte 
values   occurred at a concentration of 600 mg/L from 15% to 
11.3%. Meanwhile, the highest neutrophil reduction activity oc-
curred at a treatment concentration of 600 mg/L from 17% to 

12.6%. The crude extract of M. koenigii leaves exhibited the ca-
pability to inhibit the growth of E. tarda bacteria, leading to a de-
cline in the number of monocytes. This is consistent with Fujaya 
(2004), suggesting that monocytes leave the bloodstream and 
migrate to infected areas, where they phagocytize bacteria due 
to their superior phagocytic capabilities compared to neutro-
phils. Monocytes serve as macrophages, engaging in the im-
mune system’s function of engulfing and destroying pathogenic 
cells, microorganisms, and foreign substances.

At doses of 650 mg/L and 700 mg/L, the improvement in leuko-
cyte, lymphocyte, monocyte, and neutrophil values was not opti-
mal. This aligns with previous research findings, such as those by 
Awad & Awaad (2017), which suggest that increasing extract dos-
es may not necessarily enhance treatment efficacy against bacte-
rial infections. Active ingredients within an extract can inhibit 
pathogen replication and stimulate the innate immune system’s 
defense mechanisms. According to Venkatalakshmi et al. (2016), 
active compounds like flavonoids can stimulate the release of 
adrenocorticotropic hormone (ACTH), which, in turn, triggers the 
adrenal glands to produce cortisol. This cortisol acts as an immu-
nosuppressant. Batool et al. (2020) stated that curry leaf extract 
exhibited effective immunomodulation in experimental animals 
through antioxidant and immunosuppressant mechanisms, 
which are crucial in medicine for reducing an excessive immune 
response that can occur during infection.

Survival Rate
After the administration of M. koenigii extracts, the survival 
rate values were monitored in the experimental groups, and 
different values were achieved (Figure 6). The highest mean 
survival rate, at 83.33%, was observed in the 600 mg/L treat-
ment group. This survival rate value closely approached that 
of the negative control group (not treated), which recorded a 
survival rate of 93.33%. According to Mulia (2012), providing a 
booster like an herbal extract can trigger an increase in anti-
body production because the test fish already possess im-
mune memory, allowing the booster to generate a more ro-
bust immune response.

Conversely, the lowest mean survival rate was observed in the 
positive control treatment group (received infectious agent only 
and not treated), which recorded a survival rate of 23.33%. The 
decline in gourami fish survival rates in the 650 mg/L and 700 
mg/L treatment groups indicated that the dosage administered 
had reached its maximum point. Setyani et al. (2018) explained 
that high mortality occurs when there is a substantial amount of 
organ damage resulting from bacterial infection and when the 
extract dosage is sufficient to have a severe impact on the organ-
ism. There was increased degeneration, congestion, and necro-
sis at treatment levels of 650 mg/L and 700 mg/L. This shows that 
the effectiveness of the extract has reached its peak at the opti-
mal dose, and doses higher than the optimal dose can be toxic, 
causing more severe kidney tissue damage. At high doses, sec-
ondary metabolites contained in the crude extract of M. koenigii 
leaves can be toxic to gourami fish. Rand et al. (2015) explained 
that as the dose of extract given increases, tissue cell damage 
also increases.

Figure 4.  he value of hematocrit (A), hemoglobin (B), and 
erythrocytes (C) from gourami fish in this study. (K+) 
Normal (non-infected), (K-) Infected fish (not-
treated).
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CONCLUSION

In summary, the result of this study revealed that M. koenigii 
leaves are rich in alkaloids, terpenoids, saponins, flavonoids, and 
tannins so it provides an opportunity for usage as a natural prod-
uct for the treatment of bacterial infections in fishes. The most ef-
fective dose for combating edwardsiellosis in gourami fish is 600 
mg/L. This dose significantly influenced various hematological 
parameters, including hematocrit, hemoglobin, erythrocytes, 
leukocytes, lymphocytes, monocytes, and neutrophils. Addition-
ally, it had a notable impact on histopathological aspects, with 
scores indicating mild degeneration, congestion, and necrosis.

To further advance the application of M. koenigii extract, addi-
tional research and experimentation should be conducted di-
rectly within aquaculture activities. This would help to better un-
derstand its potential benefits and feasibility in practical aqua-
culture settings.
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ABSTRACT
This study compiled and remodelled length selectivity studies carried out on fish caught with gill 
nets and trammel nets in the inland fishery in Türkiye and evaluated them based on both the initial 
reproduction length and minimum landing size of species. The required data for the study were 
obtained through a literature review. 34 selectivity studies in total were identified, and 26 (76.5%) of 
them were carried out with gill net while the remaining 8 (23.5%) were conducted with trammel net. 
24 of the studies were carried out according to SELECT (Share Each Length-class’s Catch Total) and 
10 of them according to Holt (1963). In conclusion, it was found that minimum conservation 
reference size (MCRS) values determined by the Ministry in the inland fishery in Türkiye were 
substantially greater than lengths at first maturity (LFMs) of species and that fishing gears used for 
fishing typically tended to fish mature individuals above MCRS. The major problem in terms of 
management is that different ideal mesh sizes are applied to different fish species that are in the 
same fishing place. Set nets with an ideal-mesh size for a species has a potential of catching 
individuals below LFM of other species in the same fishing grounds. It is thought that this problem 
can only be resolved with the Ecosystem Approach to Fisheries Management (EAFm).

Keywords: Inland fisheries, Length at first maturity, Minimum conservation reference size, Small 
scale fisheries, Sustainable fishery 

INTRODUCTION

Inland fisheries are defined as “any activity con-
ducted to extract fish and other aquatic organ-
isms from inland waters” by FAO (1997), which 
has vital importance for especially low-income 
developing countries in the world, as it supports 
the livelihood of 60 million people and is a source 
of food for hundreds of millions more (Mou-
topoulos et al., 2022; Smith et al., 2005; World-
Bank, 2012). In addition to nutritional value, inland 
fisheries are important for poverty alleviation, 
gender empowerment, cultural services, ecosys-
tem function and biodiversity (Funge-Smith and 
Bennett, 2019). Inland fisheries provide employ-
ment to millions of people in the world (Rabuffet-
ti et al., 2022). The global capture fisheries pro-
duction was 90.3 million tonnes in 2020, 12.7% of 

which was obtained from inland fisheries (FAO, 
2022).  The ratio of inland based capture fisheries 
production of Türkiye is almost 9.1% of the total 
production (Anonymous, 2021).   

In general, inland fisheries are undervalued and 
ignored as a national or regional priority, de-
spite their importance, however most sustain-
ably generated source of animal protein of the 
world may be well-managed inland fisheries 
(Cooke et al., 2016; Moutopoulos et al., 2022). 
Marine-based fisheries are always very popular 
among managers and scientists due to their 
economic importance; however, inland fisheries 
are also quite important as marine fisheries in 
terms of considerable livelihood impacts in 
some countries (such as Bangladesh, Myanmar, 
Uganda, Nigeria, Cambodia, etc.) 
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Lakes, rivers, streams, canals, reservoirs, and other land-locked 
waters are defined as inland waters (FAO, 2014; Lynch et al., 
2016). Commercial inland fishing occurs on mainly lakes and dam 
lakes. Fisheries cooperatives or private entrepreneur have to 
take a licence from Ministry of Forestry and Agriculture and 
should be pay a hire charge to the government. A total of 87 dam 
lakes, 16 natural lakes and three rivers were licenced by the min-
istry for fish production to inland fishermen in 2022 (fisheries co-
operatives hired 82 fishing areas, while private entrepreneurs 
hired 24) (Anonymous, 2022a). Although Türkiye has 320 natural 
lakes (Anonymous, 2022b), the majority of them dry up in the 
summer, making them unsuitable for fisheries. The most import-
ant inland fishing areas of Türkiye are Van Lake (eastern Anatolia, 
3, 713 km2), Beyşehir Lake (southwestern Anatolia 656 km2), 
Eğirdir Lake (south-western Anatolia 482 km2), Atatürk Dam Lake 
(south-eastern Anatolia, 817 km2), Keban Dam Lake (eastern Ana-
tolia, 675 km2) and Ilısu Dam Lake (south-eastern Anatolia, 313 
km2).   

Inland fisheries are carried out in a small-scale (SSFs) concept in 
Türkiye. Using the efficient fishing gears, such as purse seine and 
trawl are banned in inland fisheries by legislation. The Turkish in-
land fisheries fleet consists of 3181 vessels, 97.36% of them are 
less than 10 m (Anonymous, 2021). Gillnets (tarek, common carp, 
gibel carp, pikeperch), trammel nets (common carp, gibel carp, 
European catfish), fyke nets (crayfish, European ell, northern 
pike), long lines (northern pike, pikeperch) and beach seines 
(sand smelt) are used by fishermen for catching the aquatic spe-
cies. Most (94.0%) of the species caught from Türkiye’s inland wa-
ters are fish, while others are crayfish, crabs, frogs, and snails 
(Turkstat, 2022).

Capture based inland fisheries production has decreased in Tür-
kiye year by year; the total production declined 22.75% from 
2000 (42,824 tonnes) to 2020 (33,119 tonnes). Increased fishing 
pressure, damming of rivers, deforestation, water pollution, and 
inadequate practices for managing fisheries are serious chal-
lenges to the sustainability of the inland waters (Barletta et al., 
2010; Rabuffetti et al., 2022); however, managing the harvest of 
freshwater species is important for both food security and reduc-
ing biodiversity loss (Shephard et al., 2022; Tickner et al., 2020)

It is very important to use selective fishing gears for the sustain-
ability of the natural fish stock in addition to determining the 
maximum sustainable yield (MSY) or the total allowable catch 
(TAC).  Removing non-target species and under-sized fish that 
have not yet reproduced from the catch composition can only be 
achieved using the high size and species-selective fishing gear. 

Gill nets (GNs) and trammel nets (TNs) which are widely used es-
pecially in developing countries in small-scale fishery because 
they are productive and relatively cheap (Acosta and Appel-
doorn, 1995) are widely used by fishermen in the inland fishery in 
Türkiye. Set nets (GNs and TNs) rigged with monofilament mate-
rial are typically preferred by fishermen instead of those rigged 
with multifilament material because they are (i) relatively cheap, 
(ii) long-lasting, (iii) resistant to contamination, (iv) easy to carry 
due to their lightness, (v) not gaining weight by taking in water 
when they are in the water.

In gilling type fishing, small fish may escape from the gill nets as 
they pass through the mesh and big fish may do the same as 
their heads do not fit into the mesh (Pope et al., 1975), in this 
case, gill nests can only catch a range of length where mesh size 
is larger than the fish head but smaller than fish body (Yüksel and 
Aydın, 2012). If a suitable mesh size is determined, both fish 
which are below the initial reproduction length and which have 
high reproduction potential (super-spawners) will be concurrent-
ly protected (Cilbiz et al., 2022). For this reason, set net selectivi-
ty parameters are extremely important scientific data for sustain-
able management of the natural fish stock. Both the FAO and the 
European Commission encourage the use of more selective fish-
ing practices to reduce or eliminate bycatch and improve sus-
tainability (Pérez Roda et al., 2019; Suárez et al., 2021).

Despite being highly selective, set nets to be used for species hav-
ing different minimum landing sizes (MLS) (or in other words length 
at first maturity) are likely to capture bycatch. Therefore, knowing 
about the interaction between the species fished, minimum landing 
sizes and mesh sizes will significantly contribute to the maintenance 
of stocks. In this context, this study compiled and remodelled size 
selectivity studies conducted on the commercial fish species in the 
inland fishery in Türkiye and evaluated based on both the initial re-
production size and minimum landing size of species. 

MATERIAL AND METHODS

Review of set net fishing technology and selectivity properties
Certain technical characteristics of GNs and TNs, and data need-
ed for setting forth the model used for determining selectivity 
and the results achieved were obtained through literature review. 
To this end, peer-reviewed scientific journals and grey literature 
(e.g. conference proceedings, scientific research project final re-
ports) that published the results of studies performed in the in-
land fishery in Türkiye were searched. In this section, (i) manufac-
turing technique for set net (gill net or trammel net), (ii) mesh size 
of nets tested (MS: stretched mesh size in mm), (iii) estimated 
model length for respective MS (ML: in cm) and (iv) methods 
used for modelling selectivity were investigated.

Review of biological - administrative reference points and 
commercial fish species
Conformity of estimated model lengths with the biological char-
acteristics of species needs to be set forth in order to reveal the 
contribution of the results of selectivity studies to the sustainabil-
ity of stocks. In this context, a literature review was made to (i) de-
termine the commercial species in Türkiye, (ii) for which of the 
commercial species GNs and TNs selectivity studies are carried 
out, (iii) present lengths at first maturity (LFM) and (iv) minimum 
conservation reference sizes (MCRS) for those species. In case of 
presence of multiple studies on the same species, the most re-
cent study was taken into account. Data needed were taken from 
peer-reviewed scientific journals, governmental institutions’ data 
and legislation review.

Statistical approach
The relationship between MS and ML values obtained in selectiv-
ity studies was explained using simple linear regression model in 
the study. The model is described as follows;
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y = b.x + Ԑ

where:

y: denotes the response variable (MS)

x: denotes the predictor variable (ML)

b: the regression coefficient

Ԑ: is the measurement error and any variation unexplained by lin-
ear model

For species with only one study, linear regression parameters 
were taken as basis, however, data were bootstrapped in case of 
presence of two or more studies. A simple linear regression 
based bootstrapping resampling method was used for estimat-
ing the uncertainties for reported selectivity data. 1000 times 
bootstraps were applied on MS~ML data by using tidymodels 
(v1.0.0) (Kuhn and Wickham, 2020) in RStudio software.

The ideal MS were computed by using regression model param-
eters for reference point LFM and MCRS separately. In case of 
existence of a legal length limit, LFM was primarily taken into ac-
count; if there was no available LFM value determined for a spe-
cies, then MCRS was taken as the valid biological reference 
point.

RESULTS

There are almost 20 different fish species caught in Türkiye’s in-
land fisheries (excepting the lagoon areas and other aquatic 
products such as crustaceans) by the 2021 data, and total pro-
duction was 30,309 tonnes (Turkstat, 2022). It is determined that 
selectivity studies were conducted for 14 different fish species 
Arabibarbus grypus, Alburnus tarichi, Blicca bjoerkna, Capoeta 
antalyensis, Cyprinus carpio, Carassius gibelio, Capoeta umbla, 
Esox lucius, Luciobarbus esocinus, Rutilus rutilus, Oncorhynchus 
mykiss, Scardinius erythrophtalmus, Sander lucioperca, and Vim-
ba vimba).   In this context, it can be said that the set net selec-
tivity is known for 70.0 % of caught fish species.     

As a result of the literature review, 34 set net selectivity studies 
were identified in total. 26 (76.5%) of these studies were carried 
out with GNs and the remaining 8 (23.5%) were carried out with 
TNs (Table 1). 24 of the studies were conducted according to SE-
LECT (Share Each Length-class’s Catch Total) and 10 of them 
were conducted according to Holt (1963). As for the number of 
studies per species; 10 studies were carried out for C. carpio, 
seven for C. gibelio, four for S. lucioperca, two for E. lucius, two 
for A. tarichi and one study for each of all other species. When 
looked at the methods used for estimating selectivity, it was seen 
that SELECT (Share Each Length-class’s Catch Total) method was 
widely preferred (70.6%) and Holt (1963) method was partly 
(29.4%) preferred (Table 1). Minimum conservation reference siz-
es (MCRS) determined for species by the Ministry of Agriculture 
and Forestry were found to vary between a total length range of 
18 to 50 cm and no MCRS was determined for six species (B. bjo-
erkna, C. gibelio, R. rutilus, O. mykiss, S. erythrophtalmus and V. 
vimba) (Anonymous, 2020). Length at first maturity values were 
known for a major portion (76.9%) of species for which a set net 
length selectivity study was performed whereas only for three 

species (A. grypus, B. bjoerkna and C. antalyensis) LFM values 
were not known. MS of GNs used in selectivity study varied be-
tween 16-200 mm while MS of TNs varied between 34-160 mm 
(Table 1). Despite being the second mostly fished species in in-
land fishery in Türkiye, no MCRS was determined for C. gibelio. 
In this study, 25 cm of minimum economic length arising under 
market conditions was considered MCRS. For species for which 
more than one LFM reporting was provided for the same species 
and for species for which separate LFMs were reported for fe-
male-male individuals in the same study, the lower value was pre-
ferred as the reference LFM value with a protectionist approach. 
For example, out of LFM values reported by Yüce et al. (2016) as 
30.85 for male individuals and as 32.01 for female individuals of 
C. carpio, the lower value proposed for male individuals was tak-
en as reference. 

The ideal mesh size for fishing the relevant species was deter-
mined in line with the results of the selectivity study (Table 2). In 
calculations carried out based on MS~ML relationship, MCRS 
value was primarily taken as basis as the point of intersection, 
and LFM value was used in the absence of MCRS. 

As there were adequate number of studies for the species of C. 
carpio (GNs-TNs), C. gibelio (GNs-TNs), E. lucius (GNs), and S. 
lucioperca (GNs), ideal mesh sizes were determined according to 
bootstrap analysis (Figure 1). Ideal mesh sizes of other species 
given in Table two were determined according to simple linear 
regression model. Although there were 2 studies for A. tarichi, 
the fact that only two panels were used in the study carried out 
by Çetinkaya et al. (1995) made bootstrapping of data impossi-
ble. For this reason, the ideal mesh size for the species A. tarichi 
was given according to simple linear regression model. The ideal 
mesh size could not be modelled for B. bjoerkna which has nei-
ther an MCRS value nor an LFM value although a selectivity study 
was conducted on it. It was seen that MCRS values declared for 
all other species except for C. umbla were higher than (C. carpio, 
C. gibelio, E. lucius, S. lucioperca, A. tarichi) or equal to (A. gry-
pus, L. esocinus) LFM values.

When MS~ML relationship graphs given in Figure 1 are reviewed, 
it is seen that confidence interval for TNs is wider compared to 
that of GNs considering the studies carried out on the same spe-
cies. Mesh sizes of the nets used for E. lucius ve S. lucioperca se-
lectivity are smaller than those of the nets used for C. carpio ve 
C. gibelio (Figure 1).

In order to observe which net mesh size corresponds to which 
reference point of which species; model lengths of set nets ac-
cording to species and reference points (MCRS - LFM) are given 
as a whole in Figure 2. A green shaded area remaining on the 
right of the orange region for the same species means a greater 
MCRS than LFM for the species in question (i.e. MCRS/LFM is 
greater than 1). Disappearance of green shaded area may result 
either from the fact that LFM of the species is not known or 
MCRS limit is not available in commercial fishing (e.g. R. rutilus, 
S. erythrophtalmus, V. vimba). The most notable point in Figure 2 
is that modelled mesh size which is in the confident area for a 
species corresponds to the unconfident area for another. For ex-
ample, mesh size of 52.9 mm which is considered ideal for S. lu-
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Table 1. Summary of the selectivity studies and the parameters considered for the analysis.

Gear Species MCRS (cm) LFM (cm) MS (mm) ML (cm) Sel EM Reference

GNs Arabibarbus grypus 45 - 40-80 40.12-80.24 Sel (Anonymous, 2020a; Yuksel et 
al., 2020)

TNs Alburnus tarichi 18 13.68 34-44 15.7-20.3 Holt (Anonymous, 2020a; Çetinkaya 
et al., 1995; Elp, 1996)

GNS Alburnus tarichi 18 13.68 16-48 8.5-25.4 Sel (Anonymous, 2020a; Demirol 
and Cilbiz, 2023; Elp, 1996)

GNs Blicca bjoerkna - - 40-52 9.8-13.8 Holt (Balık and Çubuk, 2001)
GNs Capoeta antalyensis 20 - 32-90 14.8-41.7 Sel (Cilbiz and Yalım, 2017)
GNs Cyprinus carpio 40 30.85 40-140 12.4-43.4 Sel (Anonymous, 2020a; Aydın et 

al., 2016; Yüce et al., 2016)
GNs Cyprinus carpio 40 30.85 130-160 53.3-65.6 Sel (Anonymous, 2020a; Şen, 

2016; Yüce et al., 2016)
GNs Cyprinus carpio 40 30.85 140-200 56.9-84.2 Sel (Anonymous, 2020a; Dereli et 

al., 2022; Yüce et al., 2016)
GNs Cyprinus carpio 40 30.85 70-140 18.1-42-4 Holt (Anonymous, 2020a; Balık, 

1999a; Yüce et al., 2016)
GNs Cyprinus carpio 40 30.85 56-90 17.6-27.5 Holt (Anonymous, 2020a; Özyurt 

and Avşar, 2005; Yüce et al., 
2016)

GNs Cyprinus carpio 40 30.85 90-120 30.0-43.4 Holt (Anonymous, 2020a; Yalçın, 
2006; Yüce et al., 2016)

GNs Cyprinus carpio 40 30.85 90-120 30.0-37.1 Holt (Anonymous, 2020a; Dartay 
and Atessahin, 2017; Yüce et 
al., 2016)

TNs Cyprinus carpio 40 30.85 100-140 39.1-54.7 Sel (Anonymous, 2020a; Cilbiz, 
Küçükkara, et al., 2015; Yüce 
et al., 2016)

TNs Cyprinus carpio 40 30.85 40-140 13.0-45.4 Sel (Anonymous, 2020a; Aydın et 
al., 2016; Yüce et al., 2016)

TNs Cyprinus carpio 40 30.85 130-160 50.8-62.6 Sel (Anonymous, 2020a; Dereli et 
al., 2022; Yüce et al., 2016)

GNs Carassius gibelio 25 9.7 32-90 8.8-24.7 Sel (Balik et al., 2004; Cilbiz et al., 
2014)

GNs Carassius gibelio 25 9.7 32-90 8.7-24.6 Sel (Balik et al., 2004; Cilbiz et al., 
2014)

GNs Carassius gibelio 25 9.7 40-100 12.3-30.7 Sel (Aydın et al., 2018; Balik et al., 
2004)

TNs Carassius gibelio 25 9.7 100-140 24.9-34.9 Sel (Balik et al., 2004; Cilbiz et al., 
2014)

TNs Carassius gibelio 25 9.7 100-140 27.2-38.1 Sel (Balik et al., 2004; Cilbiz et al., 
2014)

TNs Carassius gibelio 25 9.7 100-120 23.8-28.5 Sel (Balik et al., 2004; Korkmaz 
and Kuşat, 2014)

TNs Carassius gibelio 25 9.7 40-100 12.0-30.1 Sel (Aydın et al., 2018; Balik et al., 
2004)

GNs Capoeta umbla 20 23.3 56-76 26.0-35.3 Sel (Anonymous, 2020a; Çoban et 
al., 2013; Gündüz et al., 2019)

TNs Capoeta baliki 20 - 64-96 26.52-39.78 Sel (Aydin et al., 2015)
GNs Esox lucius 40 19.7 36-60 20.4-34.3 Sel (Anonymous, 2020a; Balık, 

2008; Balık  et al., 2004)
GNs Esox lucius 40 19.7 40-90 21.0-47.2 Sel (Anonymous, 2020a; Balık  et 

al., 2004; Cilbiz et al., 2017)
GNs Luciobarbus  

esocinus
50 50 50-70 36.6-51.3 Holt (Anonymous, 2020a; Eskandary 

et al., 2001; Yuksel et al., 2014)
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cioperca is quite below the ideal mesh size for C. carpio with 
which it probably shares the same fishing grounds.

The selectivity indicator diagrams (Figure 3) used in this study 
which was developed by Lucchetti et al. (2020) for provide an im-
mediate visual representation of whether a net can catch imma-
ture individuals. Figure 3 represents four catching scenarios.  (i) 
The best scenario -catches mature individuals above the MCRS- 
(Figure 3- green area); (ii) discard scenario -catches mature indi-
viduals under the MCRS- (Figure 3- yellow area); (iii) worst case 

scenario -catches immature individuals under the MCRS- (Figure 
3- red area); bad case scenario catches immature individuals 
above the MCRS- (Figure 3- pink area).

The selectivity indicator diagrams were applied for only C. carpio 
(GNs-TNs), C. gibelio (GNs-TNs), E. lucius (GNs) and S. lucioper-
ca (GNs) for which we have enough studies (Figure 4). A shift to-
wards the upper right quadrant was observed in density graphs 
for all net types, so it indicates that the nets catch mature individ-
uals above the MCRS (Figure 3, Figure 4).

Table 1. Continue.

Gear Species MCRS (cm) LFM (cm) MS (mm) ML (cm) Sel EM Reference

GNs Oncorhynchus 
mykiss

- 28.7 32-80 16.06-40.16 Sel (Cilbiz, Yalım, et al., 2015; Wali 
et al., 2022)

GNs Rutilıs rutilus - 16.8 32-80 12.5-30.4 Sel (Hanol et al., 2015; Tarkan, 
2002)

GNs Scardinius  
erythrophtalmus

- 19.2 40-52 12.6-16.5 Holt (Balık and Çubuk, 2001; Tar-
kan, 2002)

GNs Sander lucioperca 26 25.6 40-52 21.2-27.5 Sel (Anonymous, 2020a; Ozyurt et 
al., 2011)

GNs Sander lucioperca 26 25.6 32-90 16.3-45.8 Sel (Anonymous, 2020a; Cilbiz et 
al., 2022)

GNs Sander lucioperca 26 25.6 34-70 15.9-32.9 Holt (Anonymous, 2020a; Balık, 
1999b; Ozyurt et al., 2011)

GNs Sander lucioperca 26 25.6 40-52 20.6-26.8 Holt (Anonymous, 2020a; Kiyağa, 
2008; Ozyurt et al., 2011)

GNs Vimba vimba - 12.23 32-90 12.9-36.4 Sel (Cilbiz, Apaydın Yağcı, et al., 
2015; Erol, 2019)

Gear: GNs (Gill nets) and TNs (Trammel nets; MCRS: Minimum Conservation Reference Size as total length; LFM: Length at First Maturity; MS: Mesh Size (intended as 

stretched mesh length, range min-max); ML: Modal Length (range min-max); Sel EM (Estimation Method): SEL (SELECT), Holt (Holt, 1963); Reference for MCRS, LFM, 

gear selectivity

Table 2. Some biological reference points and linear regression parameters modelling the relationship between mesh 
length and modal length for the species targeted by gears.

Species
Net 
type

MCRS 
(cm)

LFM  
(cm)

MCRS 
/ LFM 
ratio

Ideal mesh size 
(mm) 
Mean (CI 95%)

Linear regression parameters

Intercept
(SE)

Mesh
(SE)

p R2

C. carpio* GNs 40 30.84 1.29 114.4 (111.0 – 117.8) 35.62 (3.12) 1.95 (0.07) <0.001 0.94
C. carpio* TNs 40 30.84 1.29 112.2 (105.7 – 118.7) 20.58 (7.00) 2.25 (0.16) <0.001 0.93
C. gibelio* GNs 25 10.67 2.34 86.7 (83.8 – 89.7) 3.52 (2.47) 3.34 (0.13) <0.001 0.97
C. gibelio* TNs 25 10.67 2.34 93.5 (88.7 – 99.8) -4.34 (9.35) 3.96 (0.32) <0.001 0.90
E. lucius* GNs 40 24.54 1.62 75.0 (72.8 – 77.1) -4.26  (2.22) 1.99  (0.07) <0.001 0.98
S. lucioperca* GNs 26 22.00 1.18 52.9 (52.0 – 53.8) 1.42  (1.37) 1.95 (0.05) <0.001 0.98
A. grypus GNs 45 45 1.00 46.00 1.00 (5.00) 1.00 (9.00) <0.001 1.00
A. tarichi GNs 18 13.68 1.32 34.04 -0.002 (0.005) 1.89 (0.00) <0.001 1.00
C. antalyensis GNs 20 - - 43.12 -0.001 (0.007) 2.16 (0.00) <0.001 1.00
C. umbla GNs 20 23.31 0.86 43.05 -0.006 (0.03) 2.15 (0.00) <0.001 1.00
L. esocinus GNs 50 50 1.00 68.28 0.018 (0.02) 1.37 (0.00) <0.001 1.00
O. mykiss GNs - 28.7 - 57.17 0.006 (0.003) 1.99  (0.00) <0.001 1.00
R. rutilus GNS - 16.8 - 42.48 -1.20 (9.10) 2.60 (4.10) <0.001 1.00
S. erythrophtalmus GNs - 19.2 - 79.46 0.92 (1.28) 3.09 (0.9) <0.001 1.00
V. vimba GNs - 12.23 - 26.66 -3.90 (2.01) 2.53 (7.93) <0.001 1.00
* Ideal mesh size computed by using bootstrapped model for MCRS point; GNs: gillnets; TNs: trammel nets;  LFM: length at first maturity: MCRS: Minimum conserva-

tion reference size.
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DISCUSSION

In the present study, in which selectivity features of GNs and TNs 
used in fishing 14 fish species in the inland fishery in Türkiye were 
evaluated, 34 set net selectivity studies were evaluated. The ma-
jority of the studies (75.7%) were carried out with GNs. Likewise, 
in a similar study conducted by Lucchetti et al. (2020), selectivity 
studies were found to be more common on GNs (65.0%) com-
pared to TNs (35.0%). Specific to Türkiye, this is supposed to be 
related to cost. The cost to the fishermen of TNs made up by 
combining three different panels instead of GNs consisting of a 
single panel is higher; they prefer this cost only for fishing rela-
tively bigger fish (e.g. C. carpio) which they have difficulty in fish-
ing with GNs. The big C. carpio cause breakage of the net rope 

because of fluttering while they are caught in the form of gilling 
on the side of GNs and in this way they can break away from the 
net, however, this is not the case when they are caught with TNs. 
In support of this argument, Balık (1996) reports that TNs are 
more efficient than GNs in fishing C. carpio.

As for the number of studies per species, 10 studies were carried 
out for C. carpio, seven for C. gibelio, four for S. lucioperca, two 
for E. lucius, two for A. tarichi and one study for each of the oth-
er species. This distribution is supposed to be due to the gener-
ality across the country of the species in general and their share 
in total production. According to Turkstat (2022) data, the first 
four species that are mostly fished in the inland fishery in Türkiye 
in 2001 and their production amounts are A. tarichi (9925), C. 

Figure 1.  Relationship between mesh size and modal length in gillnets and trammel nets for the species that can be studied. 
(Shadowed area: 95% confidence interval; solid cyan; black dotted line: linear regression; blue dotted line: LFM; 
green dotted line: MCRS obtained from the review).
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gibelio (8039 tonnes), A. boyeri (6404 tonnes) ve C. carpio (3212 

tonnes). In fishing A. boyeri in Türkiye, the coastal beach seine is 

used rather than GNs and TNs (Cilbiz et al., 2020).

Figure 2.  Ideal MS versus reference point comparison for 
different species  (gillnets: upper; trammel nets: 
lower; MS: mesh size; LFM: length at first maturity; 
MCRS: Minimum conservation reference size). Figure 3.  Definition of theoretical selectivity indicator 

diagrams (Lucchetti et al., 2020) (ML: Modal length; 
LFM: Length at first maturity; MCRS: Minimum 
conservation reference size).

Figure 4.  Selectivity indicator diagrams for the different species (ML: modal length; LFM: length at first maturity; MCRS: 
minimum conservation reference size).
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Researchers mostly preferred SELECT method (69.7%) and partly 
Holt (1963) method (30.3%) in their studies for investigating GNs 
and TNs size selectivity. In general, it can be said that SELECT 
method was preferred in the more recent studies. This results from 
the fact that researchers prefer methods with relatively higher reli-
ability within the framework of developing data evaluation tech-
nologies. According to Balık (2008), despite being one of the most 
widely used methods in set net selectivity, Holt (1963) is limiting; 
instead of it, the use of the SELECT method which is a statistical 
model estimating selectivity curve comparatively among different 
mesh size fishing and which provides an approach compatible 
with selectivity analysis has become widespread recently.

In this study, it was found that LFM for A. grypus, B. bjoerkna and 
C. antalyensis species is still not known and there is need for sci-
entific studies for determining this value which is very important 
for sustainability of the species. On the other hand, there are 
species for which MCRS is not applied in commercial fishing al-
though their LFMs are known (C. gibelio, O. mykiss, R. rutilus, S. 
erythrophtalmus, V. vimba, A. boyeri). There is no length limit in 
both amateur and commercial fishing for C. gibelio, O. mykiss, A. 
boyeri which are listed among the ecologically harmful (and po-
tentially harmful species) for inland waters in Anonymous (2020b). 
In particular, although C. gibelio and A. boyeri that are among 
the first four species fished mostly in inland waters make signifi-
cant contributions to the economy of both fishermen and the 
country, the fact that MCRS has not been declared for commer-
cial fishing them may indicate that the ministry is not planning for 
the sustainability of natural stocks of these species.

The MCRS values declared for all species except C. umbla was 
found to be higher (C. carpio, C. gibelio, E. lucius, S. lucioperca, 
A. tarichi) than or equal (A. grypus, L. esocinus) to LFM value. In 
this context, the requirement that “the stock should find the 
chance of reproduction at least once before being caught for en-
suring maintainability of the biomass” suggested by Beverton 
and Holt (1957) for a significant part of species is met in theory. 
However, whether determined legal regulations have been put 
into practice, in other words, whether fishermen comply with 
MCRS limits should be strictly inspected. Otherwise, no contri-
bution should be expected from the criteria determined to the 
sustainability of natural fish stocks.

There is a selectivity study carried out by Balık and Çubuk,  in 
2001 for B. bjoerkna, however, it is a species with a very low eco-
nomic value in the inland fishery in Türkiye and there is no legal 
length limit (MCRS) in fishing this species as it is often caught as 
a bycatch of other more important species; in addition, it was not 
subjected to further evaluation since no studies were found on 
the reproduction biology of the species.

When the relationship graphs given in Figure 1 are reviewed, it is 
seen that in general, the confidence interval for TNs is wider 
compared to that of GNs considering the studies carried out on 
the same species. This may be resulting from the higher spread 
value (SR) of TNs compared to that of GNs (from the fact that 
they capture a wider length range). In a study by Aydın et al. 
(2016), selectivity features of GNs and TNs with the same mesh 
size in fishing C. carpio were investigated and for nets with the 

mesh sizes of 40, 60, 80 and 100 mm, SR values for GNs were re-
ported to be 1.10, 1.65, 2.20, 2.75 cm in the same order while SR 
values for TNs were reported to be higher being 1.37, 2.06, 2.74 
ve 3.43 cm respectively. Similarly, Lucchetti et al. (2020) also state 
that out of the set nets, especially GNs have high selectivity.

Under the legislation regulating commercial fisheries in Türkiye 
(Anonymous, 2020a), minimum mesh size application in inland wa-
ters is in place for removing certain lengths of certain species from 
the catch composition. Minimum mesh size that can be used by 
fishers in fishing is determined by local administrative units. At this 
point, because the legal practice does not follow a strategy that is 
based on a scientific foundation, different mesh sizes are declared 
in different fishing places for the same species and this leads to 
discomfort among the fishers. This study has a lot of promise for 
overcoming this handicap. When looked at other countries where 
composition of species is wide, it is observed that a standard ideal 
mesh size cannot be determined as is the case in Türkiye. For ex-
ample, in Greece, the mesh size of nets used by professional fish-
ermen in inland fishing is required to be longer than 20 mm (bar 
length), however, this rule does not apply to C. carpio (55 mm), Al-
burnus sp. and Atherina boyeri (15 mm) (Petriki et al., 2014).

Consequently, it was found that MCRS values determined by the 
Ministry in the inland fishery in Türkiye are substantially greater 
than LFMs of species. In this context, it can be asserted that the 
criterion that species should find the opportunity of reproducing 
at least once before being fished is met, and that sustainability of 
fishery is significantly guaranteed. On the other hand, fishing 
gears used for fishing were found to be typically tending to fish 
mature individuals on MCRS. The major problem in the use of set 
net in the inland fishery in Türkiye is that different ideal mesh sizes 
are determined for different fish species that are in the same fish-
ing place. A mesh size that is ideal for a species may have the po-
tential of fishing individuals below LFM for another species in the 
same fishing grounds. For resolution of this problem, fishery man-
agement authorities are advised to determine vulnerable species 
(that are exposed to overfishing, economically much more valu-
able, among endangered species, of high importance in ecologi-
cal terms) within the frame of fishing place-based on-site manage-
ment and to determine mesh width based on the objective of pro-
tecting them to a minimum extent. This problem which is not very 
likely to be resolved with conventional fishery management focus-
ing on single or targeted species is likely to be resolved with the 
Ecosystem Approach to Fisheries Management (EAFm) specifical-
ly recommended for inland fisheries by FAO (2021).
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ABSTRACT
On February 27, 2018, a female smoothback angelshark, Squatina oculata, was incidentally 
captured in a gill-net fishery off the  Mudanya coast (southeastern Sea of Marmara). An opportunistic 
photographic record confirmed the emergence of S. oculata in the Sea of Marmara, where its 
status in the area is considered questionable because of its absence for many years in the region. 
The current opportunistic records are valuable data sources, which can provide complementary 
information to fill the knowledge gaps in the life histories of rare, rarely caught, or endangered 
sharks and rays.

Keywords: Squatina oculata, Turkish Sea, emergence, endangered, opportunistic

INTRODUCTION

Angelsharks (Squatiniformes: Squatinidae) are 
represented by 22 species and Squatina ocula-
ta Bonaparte, 1840, commonly known as the 
smoothback angelshark, emerged in the East-
ern Atlantic, from Senegal to Ghana coast, and 
in the Mediterranean Sea (Ebert et al., 2021). 
Although its present emergence in the Medi-
terranean Sea has long been well-recognized 
(Miller, 2016; Serena et al., 2020; Barone et al., 
2022), S. oculata is considered a rare and one of 
the least-known species of Mediterranean 
sharks for which data collection is clearly re-
quired owing to knowledge gaps (Zava et al., 
2016; Barone et al., 2022; Zava et al., 2022). First 
accounts of the emergence of smoothback an-
gelshark in Turkish waters were mentioned in 
the inventories of Slastenenko (1955–1956; cit-
ed in Bilecenoğlu et al., 2002, 2014), Akşıray 
(1987), and Bauchot (1987). Despite being re-
ported in the Sea of Marmara for the first time 
in the 1950s and then reported from the same 
region in the early 1990s (Slastenenko, 1955–
1956; Meriç, 1994; both were cited in Bilecenoğ-

lu et al., 2002, 2014), the species has not been 
reported in several bycatch inventories (Bayhan 
et al., 2006; Bök et al., 2011) or general ichthyo-
logical inventories (Karakulak et al., 2017; 
Daban et al., 2021; ÇŞİDB-TUBİTAK-MAM, 
2021) of the Sea of Marmara, which were previ-
ously published. Although the emergence of S. 
oculata in the region was also reported by Eryıl-
maz and Meriç (2005), this review study is based 
on the ichthyological report by Meriç (1994; cit-
ed in Bilecenoğlu et al., 2002). Due to the ab-
sence of a recent record of smoothback an-
gelsharks from the region, the emergence sta-
tus of S. oculata was considered questionable 
(Kabasakal, 2022); thus, it requires confirmation. 
In the present study, the re-emergence of the 
smoothback angelshark in the Sea of Marmara 
after nearly 30 years is reported, and a review of 
captures of the species in Turkish waters is pro-
vided.

MATERIAL AND METHODS

The present record of S. oculata was obtained 
following data mining to extract shark-specific 
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information (printed or digital articles, social media posts or 
films, etc.) as part of an ongoing data acquisition survey to regu-
larly update the information on sharks of Turkish seas, which has 
been continuing since 2000 through monthly screening of pub-
lished media (2000–2009 records) and Internet media (post2009 
records). While scanning and extracting data shared by digital 
content owners on the Internet or social media, ethical rules pro-
posed by Monkman et al. (2017) were followed using the data in 
question. Furthermore, care was taken to not violate the rights of 
content owners and show the faces of people in the visual con-
tent to prevent revealing their identities. Information regarding 
the present smooth angelshark is available on the website of a 
mainstream newspaper of Turkish media (Türk, 2018). 

Species identification follows the descriptions by Miller (2016), 
Ebert et al. (2021), and Barone et al. (2022). Taxonomic nomen-
clature follows that reported by Froese and Pauly (2023). Regard-
ing the sampling methodology, the present study is a usual prac-
tice of opportunistic sampling, of which opportunistic records 
are not the direct results of scientific fisheries surveys but are ac-
quired from printed or digital media, social media, logs of natu-
ralists, or recreational fishermen (Grant et al., 2022; Hiddink et al., 
2023). Previous captures of S. oculata in Turkish waters were ex-
tracted from relevant references presented in Table 1.

RESULTS AND DISCUSSION

On February 27, 2018, a female smoothback angelshark (Figure 
1) was incidentally captured in a gill-net fishery off the Mudanya 
coast (southeastern Sea of Marmara; Figure 2). The present spec-
imen was idenified as S. oculata based on the following charac-
teristics: a ray-like shark species with a strongly dorsoventrally 
flattened body, a very wide head, widened pectoral and dorsal 
fins, and no anal fin; however, the head is separated from the 
pectoral fins with very deep insertions. The origin of the first dor-
sal fin is located well behind the free rear tips of the pelvic fins, a 
primary descriptive characteristic of the three species of an-
gelsharks occurring in the Mediterranean Sea (Figure 1). The 
area between the eyes is strongly concave. The lower lobe of the 
caudal fin is larger than the upper lobe. Nasal barbels are quite 
simple; however, because of the resolution and sight angle of the 
present image, no details of the nasal barbels, defined as “mod-
erately fringed” in the literature, can be observed in the photo of 
the present specimen. Large spiracles are observed behind the 
eyes. The mouth is terminal and wide, and the teeth on the up-
per and lower jaws are small, pointed, and with one cusp. The 
above description of the present specimen is in agreement with 
the published descriptions of S. oculata (Miller, 2016; Ebert et al., 
2021; Barone et al., 2022).

Captures of S. oculata reported from the Sea of Marmara and off 
the Turkish coasts of the Aegean Sea and the Mediterranean are 
presented in Table 1. In this table, 22 smoothback angelsharks 
have been incidentally captured in Turkish waters between 
pre1956 and 2023. The majority of smoothback angelsharks has 
been captured in Turkish Mediterranean waters (n = 13; 59.09%), 
followed by Turkish Aegean waters (n = 6; 27.2%) and Sea of Mar-
mara (n = 3; 13.6%). The size (TL) of the captured smoothback an-
gelsharks varied between approximately 24 and 120 cm, and the 
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weight varied between 71 and 6,000 g (Table 1). The collated 
data by Zava et al. (2022), between September 2005 and March 
2021, revealed that 34 smoothback angelsharks have been either 
captured or sighted from several regions of the Mediterranean 
Sea. When the study results and data by Zava et al. (2022) are 
combined, the number of confirmed records of S. oculata in the 
Mediterranean Sea rises to 56, 39.28% of which have been cap-
tured in Turkish waters.

During the second phase of the extensive MEDITS survey per-
formed in northern Mediterranean waters between 2012 and 2015, 
no S. oculata was captured (Follesa et al., 2019). Furthermore, 
during the first phase of the MEDLEM project, which is aimed at 
collating data on the large elasmobranch species of the Mediter-
ranean Sea between 1666 and 2017, S. oculata is considered a 
“rarely observed” shark species (Mancusi et al., 2020). During the 
second phase of the MEDLEM, covering 2017–2022, no smooth-
back angelshark has been recorded in the area (Gallo et al., 2022). 
Therefore, the smoothback angelshark sighted in the trammel net 
fishery on August 8, 2023, off the island of Gökçeada (sp No. 22 in 
Table 1; Kabasakal, 2023), is a recent record of species in the Med-
iterranean Sea, without ruling out the rarity of S. oculata. Pregnant 
females captured in the Bay of Antalya and off the island of 
Gökçeada (sp Nos. 11 and 21, respectively, in Table 1) indicate that 
S. oculata reproduction may simultaneously emerge in remote re-
gions of the northern Aegean Sea and Turkish Mediterranean wa-
ters. The emergence of pregnant females provides further justifi-
cation for the International Union for Conservation of Nature Shark 
Specialists Group’s declaration of the Tracean Sea Shelf (northern 
Aegean Sea) and Bay of Antalya (eastern Mediterranean) import-
ant shark and ray areas (Jabado et al., 2023).

Recent records of S. oculata in Turkish seas are mostly composed 
of individuals captured after 2000 (n = 19; 86.36%; Table 1). Similar-
ly, Zava et al. (2022) reported that all 34 smoothback angelsharks 
were either captured or sighted in 2005 and thereafter. Again, 
when the results of this study and those of Zava et al. (2022) are 
combined, the majority of contemporary records of smoothback 
angelsharks (n = 53; 94.64%) have either been captured or sighted 
in the last 23 years, which corresponds to 2.3 individuals per year. 
Although the number of smoothback angelsharks per annum re-
flects the rarity of the species, the paucity of records may be due 
to the absence of reporting captures or sightings. Therefore, the 
available number of records may increase by unraveling the retro-
spective unpublished smoothback angelshark captures. For ex-
ample, despite the present capture of a smoothback angelshark 
on February 27, 2018, the discovery of this unpublished record oc-
curred following an Internet search performed on December 14, 
2023, which emphasizes the importance of retrospective data 
searches with novel investigation methods and digital tools.

In recent years, a notable increase in the use of digital tools, such 
as digital media, and social media, among others, in searching 
for rare elasmobranchs and in the number of studies focusing on 
captures and/or sightings of these species has been reported 
(Bengil, 2020; Kabasakal & Bilecenoğlu, 2020; Grant et al., 2022; 
Hiddink et al., 2023; Kabasakal, 2023). A quick review of the con-
tents of such research articles reveals a wide spectrum of topics, 
such as providing complementary data on the distribution of 

Figure 1.  The specimen of Squatina oculata, captured in the 
Sea of Marmara. (Panels a and b) white arrows 
indicate the origin of the base of the first dorsal fin 
(D1) located well behind the free rear tips of the 
pelvic fins; black arrows with white outlines depict 
the pelvic fins and the characteristic brown spots. 
(Panel b) The bigger black arrow with a white outline 
indicates the concave depression on the head.

Figure 2.  Black dots depict the approximate localities of 
captures of Squatina oculata in Turkish waters. The 
numbers on the map correspond to the same 
individual numbers listed under column “No” in 
Table 1. SoM, Sea of Marmara.
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well-recognized elasmobranchs (Bengil, 2020) or rare and large 
sharks (Kabasakal and Bilecenoğlu, 2020) in Turkish waters, filling 
the knowledge gaps of the distribution range of an endangered 
elasmobranch species (Grant et al., 2022), or determining spatial 
and temporal variations of the distribution and abundance of a 
certain elasmobranch (Hiddink et al., 2023). Compared with tra-
ditional systematic scientific sampling, opportunistic methodolo-
gies obviously suffer from several drawbacks, such as uncertain-
ties (e.g., fisher’s statement-dependent information) and weak-
nesses (e.g., fisher’s data cannot be representative of the true pe-
riodicity of fishing days). However, as emphasized by Tsikliras and 
Dimarchopoulou (2021), the current opportunistic records are 
considered valuable data sources; these can provide comple-
mentary information to fill the knowledge gaps in the life histo-
ries of rare, rarely caught, or endangered sharks and rays. Finally, 
the identifying a species from the photo provided, which is also 
the case for the present study, is considered a confirmed emer-
gence of a fish species in a given region (Kovačič et al., 2020).

CONCLUSIONS

As a consequence, the contemporary emergence of S. oculata 
in the Sea of Marmara, where the status of the species in the re-
gion is considered questionable due to its absence for many 
years in the area (Kabasakal, 2022), is confirmed based on an 
opportunistic photographic record (Figure 1). Being a “critically 
endangered” elasmobranch species of the Mediterranean Sea 
(Ferretti et al., 2016) and being included in the Annex II of the 
SPA/BD protocol covered by GFCM/36/2012/3 and 
GFCM/42/2018/2 recommendations (Barone et al., 2022), S. oc-
ulata is also a protected species in Turkish seas (Resmi Gazete, 
2018). However, even the protected species can be incidentally 
captured in commercial fisheries, which is also the case for the 
present smoothback angelshark. Since the data in question can 
often be hidden due to fear of punishment, social media posts 
or digital news reports of such hidden captures may be used as 
an efficient and complementary data-providing tool for moni-
toring the bycatch of endangered and protected species in 
commercial fisheries.
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for randomized research studies, STROBE guidelines for 
observational studies, STARD guidelines for studies on 
diagnostic accuracy, PRISMA guidelines for systematic reviews 
and meta-analysis, ARRIVE guidelines for experimental animal 
studies, TREND guidelines for non-randomized studies, and 
COREQ guidelines for qualitative studies.

Manuscripts can only be submitted through the journal’s online 
manuscript submission and evaluation system, available at https://
dergipark.org.tr/en/journal/507/submission/step/manuscript/new. 
Manuscripts submitted via any other medium will not be processed.

Manuscripts submitted to the journal will first go through a 
technical evaluation process where the editorial office staff will 
ensure that the manuscript has been prepared and submitted 
in accordance with the journal’s guidelines. Submissions that do 
not conform to the journal’s guidelines will be returned to the 
submitting author with technical correction requests.

Authors are required to submit the following forms during the 
initial submission. These are available for download at istanbul.
dergipark.gov.tr/ase 

• Copyright Agreement Form,
• Author Contributions Form, and
• ICMJE Potential Conflict of Interest Disclosure Form (should 

be filled in by all contributing authors)

Preparation of the Manuscript

Title page: A separate title page should be submitted with all 
submissions and this page should include:

• The full title of the manuscript as well as a short title (running 
head) of no more than 50 characters,

• Name(s), affiliations, and highest academic degree(s) of the 
author(s) and ORCID ID (orcid.org)

• Grant information and detailed information on the other 
sources of financial support,

• Name, address, telephone (including the mobile phone 
number) and fax numbers, and email address of the 
corresponding author,
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• Acknowledgment of the individuals who contributed to 
the preparation of the manuscript but who do not fulfil the 
authorship criteria.

Abstract: A Turkish and an English abstract should be submitted 
with all submissions except for Letters to the Editor. Submitting 
a Turkish abstract is not compulsory for international authors. 
Please check Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a 
minimum of three to a maximum of six keywords for subject 
indexing at the end of the abstract.

Manuscript Types

Original Articles: This is the most important type of article since 
it provides new information based on original research. The 
main text should contain Introduction, “Materials and Methods”, 
“Result and Discussion”, "Conclusion" and "References" sections.

Statistical analysis to support conclusions is usually necessary. 
Statistical analyses must be conducted in accordance with 
international statistical reporting standards. Information on 
statistical analyses should be provided with a separate subheading 
under the Materials and Methods section and the statistical 
software that was used during the process must be specified.

Units should be prepared in accordance with the International 
System of Units (SI).

After the Conclusion section and before references list, 
information regarding conflict of interest, financial disclosure, 
ethics committee approval and acknowledgement are given. 
These information are to be provided in the author form which 
must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor) 
have a financial, commercial, legal or professional relationship 
with other organizations or people working with them, a conflict 
of interest may arise that may affect your research. A full 
description is required when you submit your article to a journal.

Ethics committee approval: Ethical committee approval is 
routinely requested from every research article based on 
experiments on living organisms and humans. Sometimes, 
studies from different countries may not have the approval of 
the ethics committee, and the authors may argue that they 
do not need the approval of their work. In such situations, we 
consult COPE’s “Guidance for Editors: Research, Audit and 
Service Evaluations” document and evaluate the study at the 
editorial board and decide whether or not it needs approval.

Financial disclosure: If there is any, the institutions that support 
the research and the agreements with them should be given 
here.

Acknowledgment: Acknowledgments allow you to thank people 
and institutions who assist in conducting the research.

Review Articles: Reviews prepared by authors who have 
extensive knowledge on a particular field and whose scientific 
background has been translated into a high volume of 
publications with a high citation potential are welcomed. These 
authors may even be invited by the journal. Reviews should 
describe, discuss, and evaluate the current level of knowledge of 
a topic in researches and should guide future studies. The main 
text should start with Introduction and end with "Conclusion" 
and "References" sections. Authors may choose to use any 
subheading in between those sections.

After the Conclusion section and before references list, 
information regarding conflict of interest and acknowledgement 
are given. These information are to be provided in the author 
form which must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor) 
have a financial, commercial, legal or professional relationship 
with other organizations or people working with them, a conflict 
of interest may arise that may affect your research. A full 
description is required when you submit your article to a journal.

Acknowledgment: Acknowledgments allow you to thank people 
and institutions who assist in conducting the research.

Short Communication: This type of manuscript discusses 
important parts, overlooked aspects, or lacking parts of a 
previously published article. Articles on subjects within the 
scope of the journal that might attract the readers’ attention, 
particularly educative cases, may also be submitted in the form 
of a “Short Communication” Readers can also present their 
comments on the published manuscripts in the form of a “Short 
Communication”. The main text should contain Introduction, 
“Materials and Methods”, “Result and Discussion”, "Conclusion" 
and "References" sections.

After the Conclusion section and before references list, 
information regarding conflict of interest, financial disclosure, 
ethics committee approval and acknowledgement are given. 
These information are to be provided in the author form which 
must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor) 
have a financial, commercial, legal or professional relationship 
with other organizations or people working with them, a conflict 
of interest may arise that may affect your research. A full 
description is required when you submit your article to a journal.

Ethics committee approval: Ethical committee approval is 
routinely requested from every research article based on 
experiments on living organisms and humans. Sometimes, 
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studies from different countries may not have the approval of 
the ethics committee, and the authors may argue that they 
do not need the approval of their work. In such situations, we 
consult COPE’s “Guidance for Editors: Research, Audit and 
Service Evaluations” document and evaluate the study at the 
editorial board and decide whether or not it needs approval.

Financial disclosure: If there is any, the institutions that support 
the research and the agreements with them should be given here.

Acknowledgment: Acknowledgments allow you to thank people 
and institutions who assist in conducting the research.

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.

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 
should be cited in text. Reference list must be in alphabetical 
order. Type references in the style shown below.

Citations in the Text

Citations must be indicated with the author surname and 
publication year within the parenthesis.

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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If more than one citation is made within the same paranthesis, 
separate them with (;).

Samples:

More than one citation;
(Esin et al., 2002; Karasar, 1995)
Citation with one author;
(Akyolcu, 2007)
Citation with two authors;
(Sayıner & Demirci, 2007)
Citation with three, four, five authors;
First citation in the text: (Ailen, Ciambrune, & Welch, 2000) 
Subsequent citations in the text: (Ailen et al., 2000)
Citations with more than six authors;
(Çavdar et al., 2003)

Major Citations for a Reference List

Note: All second and third lines in the APA Bibliography should 
be indented.

• A book in print: Baxter, C. (1997). Race equality in health 
care and education. Philadelphia: Ballière Tindall. ISBN 
4546465465

• A book chapter, print version: Haybron, D. M. (2008). 
Philosophy and the science of subjective well-being. In M. 
Eid & R. J. Larsen (Eds.), The science of subjective well-being 
(pp. 17-43). New York, NY: Guilford Press. ISBN 4546469999

• An eBook: Millbower, L. (2003). Show biz training: Fun and 
effective business training techniques from the worlds 
of stage, screen, and song. Retrieved from http://www.
amacombooks.org/ (accessed 10.10.15)

• An article in a print journal: Carter, S. & Dunbar-Odom, 
D. (2009). The converging literacies center: An integrated 
model for writing programs. Kairos: A Journal of Rhetoric, 
Technology, and Pedagogy, 14(1), 38-48.

• An article with DOI: Gaudio, J. L. & Snowdon, C. T. (2008). 
Spatial cues more salient than color cues in cotton-top 
tamarins (saguinus oedipus) reversal learning. Journal of 
Comparative Psychology, https://doi.org/10.1037/0735-
7036.122.4.441 

• Websites - professional or personal sites: The World 
Famous Hot Dog Site. (1999, July 7). Retrieved January 5, 
2008, from http://www.xroads.com/~tcs/hotdog/hotdog.
html   (accessed 10.10.15)

• Websites - online government publications: U.S. 
Department of Justice. (2006, September 10). Trends in 
violent victimization by age, 1973-2005. Retrieved from 
http://www.ojp.usdoj.gov/bjs/glance/vage.htm  (accessed 
10.10.15)

• Photograph (from book, magazine or webpage): Close, C. 
(2002). Ronald. [photograph]. Museum of Modern Art, New 
York, NY. Retrieved from http://www.moma.org/collection/
object.php?object_id=108890 (accessed 10.10.15)

• Artwork - from library database: Clark, L. (c.a. 1960's). 
Man with Baby. [photograph]. George Eastman House, 
Rochester, NY. Retrieved from ARTstor

• Artwork - from website: Close, C. (2002). Ronald. 
[photograph]. Museum of Modern Art, New York. Retrieved 
from http://www.moma.org/collection/browse_results.
php?object_id=108890  (accessed 10.10.15)

REVISIONS

When submitting a revised version of a paper, the author must 
submit a detailed “Response to the reviewers” that states 
point by point how each issue raised by the reviewers has been 
covered and where it can be found (each reviewer’s comment, 
followed by the author’s reply and line numbers where the 
changes have been made) as well as an annotated copy of 
the main document. Revised manuscripts must be submitted 
within 30 days from the date of the decision letter. If the revised 
version of the manuscript is not submitted within the allocated 
time, the revision option may be canceled. If the submitting 
author(s) believe that additional time is required, they should 
request this extension before the initial 30-day period is over.

Accepted manuscripts are copy-edited for grammar, 
punctuation, and format. Once the publication process of a 
manuscript is completed, it is published online on the journal’s 
webpage as an ahead-of-print publication before it is included 
in its scheduled issue. A PDF proof of the accepted manuscript 
is sent to the corresponding author and their publication 
approval is requested within 2 days of their receipt of the proof.

Editor in Chief: Prof. Devrim MEMİŞ
Address: İstanbul Üniversitesi Su Bilimleri Fakültesi Yetiştiricilik 
Anabilim Dalı Ordu Cad. No:8 34134 Laleli / İstanbul, Türkiye
Phone: +90 212 4555700/16448
Fax: +90 212 5140379
E-mail: mdevrim@istanbul.edu.tr



Copyright Agreement Form / Telif Hakkı Anlaşması Form

Responsible/Corresponding Author
Sorumlu Yazar
Title of Manuscript
Makalenin Başlığı
Acceptance date
Kabul Tarihi
List of authors
Yazarların Listesi

Responsible/Corresponding Author;
Sorumlu Yazar; Signature / İmza Date / Tarih 

……../……../……………

Sıra
No

Name - Surname
Adı-Soyadı

E-mail
E-Posta

Signature
İmza

Date
Tarih

1

2

3

4

5

Manuscript Type (Research Article, Review, etc.)
Makalenin türü (Araştırma makalesi, Derleme, v.b.)
Responsible/Corresponding Author: 
Sorumlu Yazar:

University/company/institution Çalıştığı kurum
Address Posta adresi
E-mail E-posta
Phone;  mobile phone Telefon no; GSM no

The author(s) agrees that:
The manuscript submitted is his/her/their own original work, and has not been plagiarized from any prior work,
all authors participated in the work in a substantive way, and are prepared to take public responsibility for the work,
all authors have seen and approved the manuscript as submitted,
the manuscript has not been published and is not being submitted or considered for publication elsewhere,
the text, illustrations, and any other materials included in the manuscript do not infringe upon any existing copyright or other rights of anyone.
ISTANBUL UNIVERSITY will publish the content under Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) license that 
gives permission to copy and redistribute the material in any medium or format other than commercial purposes as well as remix, transform and build upon the 
material by providing appropriate credit to the original work.
The Contributor(s) or, if applicable the Contributor’s Employer, retain(s) all proprietary rights in addition to copyright, patent rights.
I/We indemnify ISTANBUL UNIVERSITY and the Editors of the Journals, and hold them harmless from any loss, expense or damage occasioned by a claim 
or suit by a third party for copyright infringement, or any suit arising out of any breach of the foregoing warranties as a result of publication of my/our article. I/
We also warrant that the article contains no libelous or unlawful statements, and does not contain material or instructions that might cause harm or injury.
This Copyright Agreement Form must be signed/ratified by all authors. Separate copies of the form (completed in full) may be submitted by authors located at 
different institutions; however, all signatures must be original and authenticated.
Yazar(lar) aşağıdaki hususları kabul eder
Sunulan makalenin yazar(lar)ın orijinal çalışması olduğunu ve intihal yapmadıklarını,
Tüm yazarların bu çalışmaya asli olarak katılmış olduklarını ve bu çalışma için her türlü sorumluluğu aldıklarını,
Tüm yazarların sunulan makalenin son halini gördüklerini ve onayladıklarını,
Makalenin başka bir yerde basılmadığını veya basılmak için sunulmadığını,
Makalede bulunan metnin, şekillerin ve dokümanların diğer şahıslara ait olan Telif Haklarını ihlal etmediğini kabul ve taahhüt ederler.
İSTANBUL ÜNİVERSİTESİ’nin bu fikri eseri, Creative Commons Atıf-GayrıTicari 4.0 Uluslararası (CC BY-NC 4.0) lisansı ile yayınlamasına izin 
verirler. Creative Commons Atıf-GayrıTicari 4.0 Uluslararası (CC BY-NC 4.0) lisansı, eserin ticari kullanım dışında her boyut ve formatta paylaşılmasına, 
kopyalanmasına, çoğaltılmasına ve orijinal esere uygun şekilde atıfta bulunmak kaydıyla yeniden düzenleme, dönüştürme ve eserin üzerine inşa etme dâhil 
adapte edilmesine izin verir.
Yazar(lar)ın veya varsa yazar(lar)ın işvereninin telif dâhil patent hakları, fikri mülkiyet hakları saklıdır.
Ben/Biz, telif hakkı ihlali nedeniyle üçüncü şahıslarca vuku bulacak hak talebi veya açılacak davalarda İSTANBUL ÜNİVERSİTESİ ve Dergi Editörlerinin 
hiçbir sorumluluğunun olmadığını, tüm sorumluluğun yazarlara ait olduğunu taahhüt ederim/ederiz.
Ayrıca Ben/Biz makalede hiçbir suç unsuru veya kanuna aykırı ifade bulunmadığını, araştırma yapılırken kanuna aykırı herhangi bir malzeme ve yöntem 
kullanılmadığını taahhüt ederim/ederiz.
Bu Telif Hakkı Anlaşması Formu tüm yazarlar tarafından imzalanmalıdır/onaylanmalıdır. Form farklı kurumlarda bulunan yazarlar tarafından ayrı kopyalar 
halinde doldurularak sunulabilir. Ancak, tüm imzaların orijinal veya kanıtlanabilir şekilde onaylı olması gerekir.

Journal name: Aquatic Sciences and Engineering
Dergi Adı: Aquatic Sciences and Engineering

İstanbul University
İstanbul Üniversitesi

Copyright Agreement Form 
Telif Hakkı Anlaşması Formu


	Boş Sayfa



