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Assessment of Lotic Macroinvertebrate Assemblage in the Oconaluftee
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ABSTRACT

Macroinvertebrate assemblage assessments act as useful analysis tools for assessing aquatic eco-
systems health. These animals also serve as a base trophic level, acting as a source of food for many
other aquatic organisms including fish and salamanders. Obtaining baseline data for monitoring
aquatic insects and subsequent river health is vital to understand food chains and river ecological
interactions. We sampled macroinvertebrate communities in two streams in the Oconaluftee River
basin, in the Cherokee Qualla, North Carolina. Over 600 macroinvertebrates were collected and
identified to the lowest taxonomic level possible, providing a macroinvertebrate profile of both
riffle and run habitats. We identified over 35 genera and report on functional feeding groups, with
biotic indices of water quality. Ephemeroptera, Plecoptera, and Trichoptera values varied, 21% and
65.43% for Raven's Fork and 22% and 79.06% for the Oconaluftee rivers. This macroinvertebrate
community suggests healthy stream aquatic insects and above average water quality, in spite of the
urban land use found in the riparian zones of the sample sites. This research can be used as a base-
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line for future monitoring of aquatic streams in the area of the Cherokee Qualla.

Keywords: Aquatic insects, freshwater biology, water quality, biological surveys

INTRODUCTION

Among the many threats to freshwater ecosys-
tems, anthropogenic habitat loss and degrada-
tion have among the most visible and well doc-
umented impacts to biodiversity (Prakash &
Verma, 2022). Aquatic insects can provide base-
line data and act as early indicators of biotic
change due to anthropogenic changes, as they
are sensitive to fluctuations in water quality
(Ghani et al., 2016). As human populations con-
tinue to increase, and potentially encroach
more on protected areas, the potential to im-
pact riparian communities, such as streams,
may increase. Moreover, the reliance on water
resources for future management requires
baseline data on biodiversity so that monitor-
ing efforts have comparative data to observe
any changes in stream health.

Appalachian streams of the United States
house a diverse array of aquatic predators
which play integral parts in native food webs,
and in North Carolina include recreationally im-
portant species of native brook trout, Salvelinus
fontinalis, introduced brown trout, Salmo trutta,
and introduced rainbow trout, Oncorhynchus
mykiss (Rhode et al., 1994; Flebbe & Dolloff,
1995). However, the presence of trout can have
a varying effect on the trophic dynamics in
streams, including decreases in the proportion
of grazers (such as mayfly species densities)
within the functional feeding groups (Meissner
& Muotka, 2006). Moreover, many trout species
seasonally shift their diet according to time of
year depending on the availability of aquatic in-
sect groups (Hubert & Rhodes, 1989) or even
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time of day (Giroux et al., 2000). Non-native trout introduced in
streams can also indirectly alter total macroinvertebrate biomass
by selecting larger individuals and consuming shredder and
scraper functional feeding groups at a higher rate than others
(Buria et al., 2007). Both the diversity and relative abundance of
stream macroinvertebrates can vary by habitat type (either riffles,
runs, or pools) sampled by researchers (Logan & Brooker, 1983).
In addition, many studies which assess stream water quality and
stream health quantify macroinvertebrate communities using
only timed dip net surveys of riffles and do not account for sur-
face area using Surber sampling, which may provide benefits to
understanding macroinvertebrate structure by allowing research-
ers to estimate abundance per area across habitats.

The objectives of this study were to 1) characterize the aquatic in-
sect abundance (Ephemeroptera, Plecoptera, and Trichoptera
presence and distribution, indicators of stream health, and eco-
logical importance of insect groupings of trout streams on the
Cherokee Qualla (reservation) and 2) report on the potential role
many of these aquatic insects have in food webs of Appalachia.
These findings provide baseline biodiversity data on the overall
stream health and also quantify potential macroinvertebrate prey
of aquatic predators in these streams in North Carolina, includ-
ing trout and other stream vertebrates.

MATERIALS AND METHODS

Study Locations and Aquatic Insect Identification

Samples were obtained from two streams in the Oconaluftee
River watershed (Oconaluftee and Raven's Fork) of Cherokee,
North Carolina in May of 2016. Stream locations sampled were
categorized into two broad level habitat types, and the contain-
ers of organisms labelled with site location and area habitat
type (riffle or run). Raven’s Fork has been previously noted to be
slightly acidic (pH of ~6.0) with low alkalinity during baseflow
conditions (Armitage & Tennessen, 1984), whereas the Oco-
naluftee River has been documented to have a pH of 7.8 and
Dissolved Oxygen of 6.6 ppm, and conductivity of 10 (Nicker-
son et al.,, 2022). We utilized more comprehensive sampling
method (a Surber sampler: 0.3 meter X 0.3 meter metal frame
placed above a collection net) to collect aquatic insects, with all
stream locations being randomized for specific site of sam-
pling. At each stream location, we sampled ten subsamples
from both riffles and runs for aquatic insects and included at
least three areas of at least fifty meters in length (Figure 1).
Aquatic insect samples for each stream site were then com-
bined as either a run or riffle habitat for that stream sample lo-
cation to collect data for comparisons. Following each sample
collection, all the area within the sampler was checked for any
remaining aquatic insects and all rock substrate within the sam-
ple area was checked for additional aquatic insects, and these
were included into our samples using fine forceps and careful
inspection of sample net. Aquatic insects from sample habitats
were stored in ninety-five percent ethanol. Identification, enu-
meration, and inventory of the collected samples was complet-
ed in the laboratory using standard dichotomous keys to iden-
tify all aquatic insects collected down to the lowest taxonomic
level of genus within orders by both authors.

Data analysis

Several indices were selected to assess stream health based on
the identified aquatic insect assemblages. Aquatic insects after
identification were further placed into functional groups to in-
form stream health indicators, and we used the standard ap-
proach of placing insects into categories of EPT, or insects within
the Trichoptera, Plecoptera, or Ephemeroptera orders were
combined and analyzed across habitat types and stream loca-
tions. We compared numbers of EPT between our two sample
streams using a Chi square analysis with our significance value as
0.05. Both the Hilsenhoff, Shannon diversity, Beta diversity, and
Dominance indexes were calculated for all sample rivers. Aquat-
ic insects were also placed into various categories (feeding func-
tion groupings), to examine the potential these aquatic insects
have not only for water quality, but also for food webs or in the
riverine food chain.

RESULTS AND DISCUSSION

In sum from the macroinvertebrate samples of both streams
(Oconaluftee and Raven’s Fork) and microhabitat types (riffle and
runs), over 600 individuals were identified across 36 taxa belong-
ing to 28 families (Table 1). Macroinvertebrates from the sampled
Cherokee streams exhibited a broad range of functional feeding
groups, with relatively high concentrations of gatherers in both
streams (28.61% in the Oconaluftee and 27.14% in Raven'’s Fork)
(Table 4). Both streams sampled for aquatic insects were charac-
terized as having high biodiversity categories using the diversity
indexes (Table 2). Moreover, both river locations were ranked
high for river quality using the percent Ephemeroptera Plecop-
tera and Trichoptera method (Table 3). The Oconaluftee had a
high ranking or percentage of Ephemeroptera, Plecoptera, and
Trichoptera, approximately eighty-five percent in the runs and
just over seventy-nine percent overall. These high scores were
closely followed by Raven’s Fork sample river, with an overall per-
centage of sixty-nine Ephemeroptera, Plecoptera, and Trichop-
tera, which was higher in the runs than in the riffles in both sam-
pled streams, which is especially interesting as the runs are not
usually sampled for macroinvertebrates and are often assumed
to have low densities of sensitive insect taxa. There was not a sig-
nificant difference between Ephemeroptera, Plecoptera, and
Trichoptera combined taxa between our two sample locations,
X2 (2, N =444) =1.877, p =0.391, indicating both likely house di-

Figure 1. Map of Sample Locations for Oconaluftee (black
borders) and Raven’s Fork (white borders), North
Carolina.
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Table 1. Cherokee Qualla aquatic insect community richness and relative abundance sampled from the Oconaluftee and

Raven’s Fork rivers.

Order:Family Genus:Species Oconaluftee Raven'’s Fork Total
Coleoptera
Elmidae Acryronyx sp. - 2 2
Psephinidae Psephenus sp. 9 4 13
Ptilodactylidae Anchytarsus bicolor - 3 3
Diptera
Chironomidae Paramerina sp. 34 13 47
Ceratopogonidae Dasyhelea sp. 4 3 7
Simuliidae Greniera sp. 19 51 70
Tipulidae Tipula sp. - 3 3
Leptotarsus sp. 1 9 10
Emphemeroptera
Baetidae Baetis sp. 3 - 3
Ephemerellidae Eurylophella sp. 26 18 44
Dannella sp. 22 1 23
Heptageniidae Maccafertium sp. 2 2 4
Isonychidae Isonychia sp. 13 8 21
Leptohyphidae Homoleptohyphes sp. 30 6 36
Hydrosmilodon sp. 24 9 33
Leptohyphes sp. 15 35 50
Tichorythodes sp. - 3 3
Neophemeridae Neophemera sp. 44 27 71
Polymitarcyidae Tortopus sp. 1 - 1
Odonata
Gomphidae Progomphus sp. - 2 2
Plecoptera
Perlidae Beloneuria sp. 10 9 19
Perlolidae Isoperla sp. 1 9 10
Peltoperlidae Viehoperla ada 1 - 1
Pteronarcyidae Pteronarcys sp. 7 - 7
Megaloptera
Corydalidae Corydalus sp. 4 - 4
Trichoptera
Baraeidae Baraea sp. 1 2 3
Goeridae Goerita sp. 14 2 16
Hydropsychidae Hydropsyche sp. 11 5 16
Potamyia sp. - 1 1
Hydroptilidae Stactobiella sp. 1 1 2
Leptoceridae Leptocerus americanus 1 - 1
Philopotamidae Chimara sp. - 4 4
Dolophilodes sp. 23 9 32
Polycentropidae Nyctiophylax sp. - 1 1
Phylocentropus sp. 13 21 34
Uenoidae Fattigia pele 5 3 8
Total: 339 266 605
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verse aquatic insect communities. Subsequently, both rivers ex-
hibited a high percentage of gatherer feeding group organisms,
with Raven’s Fork river having more filterers (21.46%) and the
Oconaluftee having more predators (17.99%), indicating some
variation in ecosystem groupings of aquatic insects (Table 4).

The Dominance Index for Oconaluftee was 0.935, while the Dom-
inance index for Raven's Fork was 0.917. The mean number of
taxa for Oconaluftee was 12.11, whereas the mean number of
taxa was 8.87 for Raven'’s Fork. Beta Diversity Index between sites
was 0.759, with 36 total taxa identified comprising of 28 taxa for
Oconaluftee and 30 for Raven’s Fork, with 22 shared, common
taxa (found in both streams).

This work provides a water quality assessment and aquatic insect
biodiversity survey for streams of the Cherokee Qualla, North Car-
olina. The data reported here indicate that streams in this geo-
graphic area have relatively high levels of aquatic insect biodiver-
sity with taxa functioning across an array of ecological feeding
groupings, likely due to the river's proximity to protected forests
and the extensive efforts of the tribal community to preserve river-
ine health. These streams lie within the Eastern Band of the Cher-
okee Qualla, and their headwaters originate in the Great Smoky
Mountains National Park, which is protected. However, the water-
sheds do include a combination of developed, forest, and mixed
riparian zones and access. In particular, the run habitats housed a
large percentage of Ephemeroptera, Plectoptera and Trichoptera,
in all cases larger percentages than the riffle habitats. This may be
due to riffle habitats being more intrinsically difficult to sample or
the potential for higher flowing water to result in a different overall
community of aquatic insects present in faster flowing riffles. Sub-
sequently, we report on a wide assortment of macroinvertebrates,
which not only provide a variety of ecosystem services but also are
likely a vital component of the riverine food web, providing con-
nections for other aquatic organisms.

Table 2. Hilsenhoff (HBI) and Shannon Diversity Indexes
(SDI) calculated for both sample rivers in this

study.

River SDI HBI

2.887 3.79
2.861 4.51

Oconaluftee
Raven’s Fork

The aquatic communities of streams in North Carolina are often
measurably affected by varying land use (urban, forested, or
agricultural), with lower biotic indexes and low species richness
in urban areas (Lenat & Crawford, 1994). The area of Cherokee
North Carolina is historically characterized by increasing growth
of tourism (Tooman, 1997) while geographically situated in
close proximity to the Great Smoky Mountains National Park,
which was farmed and logged prior to becoming a national
park. Our sampling occurred near the developed town of Cher-
okee, North Carolina, yet yielded high % EPT and overall high
water quality metrics. Moreover, our study is the first published
quantitative assessment of macroinvertebrate communities on
the Cherokee Qualla, as our research involved sampling multi-
ple habitats, which can produce greater number of taxa per site
(Lenat, 1988). Our results report similar observations of taxa
compared to other studies from western North Carolina (Loch
et al., 1996), albeit at high densities.

Knowledge on stream trophic webs is important for the conser-
vation of any aquatic ecosystem, as these processes can be af-
fected at various levels by many factors with differential impacts
on specific taxa or overall survival or populations of macroinver-
tebrates, which are often sensitive to water chemistry or silt-
ation changes. Many of these aquatic insects provide food for
other aquatic organisms. Future work could assess the impact
of predatory trout abundance on macroinvertebrate communi-
ties. Sampling the diet (trout gut contents) of both wild and na-
tive trout could also provide further information on food webs
in this ecosystem. Previous studies in this area have indicated
both rainbow (Oncorhynchus mykiss) and brown trout (Salmo
trutta) rely on a variety of available food items including terres-
trial inputs, or allochthonous resources (Cada et al., 1987). The
macroinvertebrate communities we observed as part of this re-
search may provide additional food for not only fish species,
but also larval salamanders, such as the eastern hellbender,
Cryptobranchus alleganiensis, as adults are occasionally ob-
served within this area (C. Hickman, unpublished data). Contin-
ued monitoring of the river habitat and macroinvertebrate com-
munities of the Oconaluftee riparian areas of Cherokee should
be conducted to ensure this area remains protected and har-
bors high overall stream biodiversity.

Table 3. River health metrics of percent EPT aquatic insects across habitat types from samples collected from the Cherokee
Qualla.
o, ~ H -
River %Ephemeroptera  %Plecoptera %Trichoptera % EPT- Riffle % EPT- Run Gt A e
Stream ness Index
Oconaluftee 53.39 5.60 20.06 74.88 85.29 79.06 22
Raven’s Fork 40.52 6.69 18.22 58.99 78.02 65.43 21

Table 4. Ecological feeding groupings for aquatic insects from rivers in the Cherokee Qualla.

Functional Group % shredders % scrapers % filterers % gatherers % predators
Oconaluftee 0.00 3.24 15.63 28.61 17.99
Raven’s Fork 1.12 2.23 2416 27.14 11.90

192



Aquat Sci Eng 2023; 38(4): 189-193
Benfield and Unger. Assessment of Lotic Macroinvertebrate Assemblage in the Oconaluftee River Basin in Cherokee, North Carolina

CONCLUSION

With this study, we utilized a Surber Sampler to assess benthic
aquatic insects as potential indicators of stream health in an area
of the United States that is highly visited by recreationalists, tour-
ists, and has significant cultural influence to the Eastern Band of
the Cherokee Indians. We hope this macroinvertebrate survey
can provide a baseline of diversity and functional feeding group
estimates for future monitoring, as well as illustrate the impor-
tance of sampling with more than a dip net across an array of in-
stream habitats. Sampling in both runs and riffles also appears to
be informative, as we noted differences between these two hab-
itats across our sample locations. Protecting water resources is a
vital component of management of aquatic habitats. Future re-
search should be undertaken to monitor changes in these pa-
rameters within this unique watershed as the surrounding com-
munity continues to likely increase in population. Further sam-
pling of water chemistry and other land use parameters could be
used to help determine ideal locations for watershed protection
to manage this system as efficiently as possible to maintain eco-
logical food web connections to other inhabitants such as trout,
hellbender salamanders, river otters, and other fish species.
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ABSTRACT

An assessment of water quality in 8 urban lakes in South Tangerang City was conducted, as their
condition was a concern. This research aims to assess water quality based on the condition of
chemical-physical variables and phytoplankton composition. This research was conducted from
late May to early October 2021 (the dry season until the inter-seasonal period). The Water Quality
Index (WQI) ranged from 61.18-79.53 (medium-good). Phytoplankton composition consisted of 65
genera from 11 classes and 6 divisions. Oscillatoria, Euglena and Pediastrum were the dominant
genera, meanwhile, Cyanophyceae and Chlorophyceae were the dominant class. Phytoplankton
communities in all lakes were stable except RL and based on Jaccard index the value of inter-lakes
show no identical similarities (= 1). In (Nygaard) values ranged from 2.50-undefined (slight-high
eutrophication), and X (Saprobic indices) values ranged from 0.33-1.80 (very slight pollution-mod-
erate pollution). The best correlations (both values were r = 0.53) in water quality between the
variables were DO (ppm) and BOD (ppm) Urban lakes require further improvement in their lake
management to be used as sources of drinking water.

Keywords: Water quality variables, Phytoplankton, Urban lakes

INTRODUCTION pollution and eutrophication with a potential
phytoplankton bloom (Vardaka et al., 2000; Kat-
siapi et al., 2013; Wang et al., 2013). Phyto-
plankton bloom can be harmful to the aquatic
ecosystem. Moreover, it can be harmful to hu-
mans and can cause illness and death when in-
gested or when humans are exposed to it (Var-
daka et al., 2000; Norris & Laws, 2017). On the
other hand, the local government had been de-
signing lake management for South Tangerang
City lakes as source waters for drinking water
(Regional Regulation of South Tangerang City
Number 9 of 2019, 2019). Before using the lakes
for drinking water and other daily activities, it is
important to conduct an assessment of water

The South Tangerang City lakes are located in
urban areas with a high human population den-
sity and a high level of public interface (Birch &
McCaskie, 1999); therefore, South Tangerang
City lakes are classified as urban lakes. An urban
lake is susceptible to water quality deterioration
(Birch & McCaskie, 1999; Norris & Laws, 2017).
There are 8 urban lakes in South Tangerang City,
Banten with concerning conditions (Regional
Regulation of South Tangerang City Number 9,
2019). Information indicating the deterioration
of their water quality is available (Fauzi, 2016).

Water quality deterioration in South Tangerang
City lakes occurred because of domestic sew-
age flow and recreational and aquaculture ac-
tivities therein, which led to an increase in water

quality (Bhateria & Jain, 2016).

The Water Quality Index (WQI) method based
on Pesce & Wunderlin (2000) and Kannel et al.’s
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(2007) research has been generally known as one of the most im-
portant indices for water quality assessment (Bhateria & Jain,
2016; Dunca, 2018). Although it is a good indicator of water qual-
ity, if applied with no biological variable, the result will be insuffi-
cient and it will lack ecological factors (Bordoloi & Baruah, 2014;
Yusuf, 2020). It requires a biological variable analysis based on a
phytoplankton analysis. Phytoplankton is tolerant, it rapidly re-
sponds to the alteration of its environmental condition and it
possesses a short life cycle (Bellinger & Sigee, 2010; Maznah &
Makhlough, 2014). It is important to assess phytoplankton indi-
ces and their composition in urban lakes. The high human popu-
lation density in urban lakes is closely related to water pollution,
which leads to eutrophication (Kalaji et al., 2016). Nutrient load-
ing from anthropogenic activities and increasing temperatures
induce eutrophication and may favor the predominance of harm-
ful phytoplankton (de Souza et al., 2018).

Phytoplankton indices such as saprobic and Nygaard have been
widely applied for pollution and eutrophic assessments in lakes
(Jafari & Gunale, 2006; Maznah & Makhlough, 2014; Prasetyan-
ingsih & Sahidin, 2019; Toma, 2019). The saprobic index was ap-
plied for a pollution level assessment. The Nygaard index was
applied for a trophic level assessment (Nygaard, 1949; Dresscher
& Mark, 1976). Dominant phytoplankton genus and class assess-
ments were also applied widely to assess pollution and eutrophi-
cation in lakes (Wang et al., 2013; Zhu et al., 2021). Thus, phyto-
plankton has been a good bioindicator for water quality assess-
ment.

Eutrophication and phytoplankton bloom information was not
acquired in previous research (Bahri et al., 2015; Assuyuti et al.,
2019; Zharifa et al., 2019) although, it is good to perform water
quality assessment before using lakes as drinking water or recre-
ational areas (Vardaka et al., 2000; Wang et al., 2013; Norris &
Laws, 2017). Therefore, an assessment water quality of 8 urban
lakes in South Tangerang City is required for lake management
information. This research aims to assess the water quality of the
8 urban lakes in South Tangerang City based on chemical-physi-
cal variables analysis, the Water Quality Index (WQI) and phyto-
plankton analyses.

MATERIALS AND METHODS

Site study and sampling

The research was conducted in 8 urban lakes in South Tangerang
City, Banten, Indonesia from late May to early October 2021, rep-
resenting the dry season until the inter-seasonal period. The Ur-
ban lakes in South Tangerang City were Pondok Jagung Lake
(PJL), Parigi Lake (PARL), Rompong Lake (RL), Bungur Lake (BL),
Gintung Lake (GL), Kuru Lake (KL), Ciledug Lake (CL) and Pam-
ulang Lake (PAML). Local people use the lake in South Tangerang
City for household waste disposal, tourism and fishing. There
were 5 sampling points for each lake, which were determined
based on their inlet, outlet and utilizations area, such as aquacul-
tures and recreational activities (Figure 1).

Phytoplankton sampling was carried out by plankton net (50 um
mesh size) in the euphotic zone (0-50 cm) of each lake. Phyto-
plankton samples were preserved using Lugol 10% drop by drop

until they changed color to a yellowish-brown or a dark brown.
They were then stored in a refrigerator (Suthers and Rissik, 2009).
Surface water from each lake was collected for Biological Oxy-
gen Demand (BOD), PO,-P and NO,-N analyses in the Laborato-
ry of Ecology, Center of Integrated Laboratory, Syarif Hidayatul-
lah State Islamic University.

Water variables and phytoplankton identification

Electrical Conductivity (EC), Total Dissolved Solids (TDS), pH and
Water Temperature (Wtemp) were measured using a Hanna
multi-parameter instrument (HI 9811). Dissolved Oxygen (DO)
was measured using a Lutron DO meter (DO-5510) and Turbidity
(TUR) was measured using a Hanna Turbidity meter (HI 9373).
Water transparency based on Secchi Disk Depth (SDD) was mea-
sured as described in (Adhar et al., 2021). PO,-P, NO,-N and Bio-
logical Oxygen Demand (BOD) analyses were conducted based
on standard methods described in EPA (1983) and APHA (2017).
Phytoplankton identification was assisted by an Olympus light
binocular microscope and Sedgwick-Rafter Cell (SRC) as count-
ing chamber. Phytoplankton was identified based on Karacaoglu
et al., (2004), van Vuuren et al., (2006), Bellinger & Sigee (2010)
and Sulastri (2018). The naming of taxa was based on currently
accepted nomenclature (Guiry & Guiry, 2021).
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Figure 1. Map of 8 urban lakes in South Tangerang City and
their sampling point locations.

Data analysis

Chemical-physical variables measurement results were analyzed
using Water Quality Index (WQI) with the following categories:
very bad (0-25), bad (26—50), medium (51-70), good (71-90),
and excellent (20-100) (Kannel et al., 2007). Phytoplankton gen-
era were counted and analyzed based on a formulation de-
scribed in APHA (2017). Phytoplankton genus and class domina-
tion were analyzed using relative abundance calculation based
on Kumar & Mina (2021). The phytoplankton community was an-
alyzed using the Shannon-Wiener diversity index (H’), Pielou
evenness index (J') and Simpson dominance index (D) based on
the formulation as described in Dash & Dash (2009). Clustering
analysis was conducted based on the UPGMA (Unweighted Pair
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Group Method with Arithmetic Mean) method, which is suitable
for describing the relationship inter-lakes based on phytoplank-
ton similarity (Carteron et al., 2012). Jaccard similarity index mea-
surement and phytoplankton similarity clustering inter-lakes
were assisted by PAST 4.03. Trophic and pollution degree were
assessed by Nygaard (In) and saprobic indices (X) based on the
formulation as described in Nygaard (1949) and Dresscher &
Mark (1976).

Statistical analysis

A non-parametric Kruskal-Wallis H test (One-way ANOVA on
ranks) was used to determine statistically significant differences
in chemical-physical measurement results, WQI results and phy-
toplankton abundances between lakes. Non-parametric Spear-
man’s correlation was used to correlate chemical-physical vari-
ables measurement result and phytoplankton abundance toward
water quality index result. Spearman’s correlation coefficient de-
scribes the correlation’s strength and direction. The strength and
direction of correlation between research variables refer to Verla
et al. (2020). Statistical analyses were assisted by IBM SPSS 20.

RESULTS AND DISCUSSION

Water Variables

Physical variables measurement results in the lakes ranged from
28.7-32.4°C (Wtemp), 82-236 ppm (TDS), 140-488 ps-cm™ (EC),
24.6-50.2 cm (SDD) and 29.7-75.4 FTU (TUR). Meanwhile, chemi-
cal variables measurement results in the lakes ranged from 7.3-
9.6 (pH), 4-7.5 ppm (DO), 1.3-24.1 ppm (BOD), 0.01-0.4 ppm
(PO,-P), 0.1-7.6 ppm (NO.-N) (Table 1). Based on the non-para-
metric Kruskal-Wallis H test for chemical-physical variables mea-
surement, results between lakes indicated a significant differ-
ence (p<0.05) unless the SDD value indicated no significant dif-
ference between lakes (p>0.05). Chemical-physical variables
conditions in the lakes were out of the range of water quality
standards for drinking water (Government Regulation of Repub-
lic Indonesia Number 22 of 2021, 2021; World Health Organiza-
tion, 2017).

Chemical-physical variables conditions in the lakes were outside
of the range from water quality standards for drinking water, ex-

cept for TDS and EC (Table 1). W(emp in the lakes ranged within
the optimum range for the metabolic processes of aquatic or-
ganisms, i.e., 20-35°C (Piranti et al., 2021a). TDS and EC condi-
tions in the lakes ranged within water quality standards for drink-
ing water, however, their results in GL were excessively higher
than other lakes. High values of TDS and EC indicate high levels
of dissolved ions as a result of household wastewater and leach-
ate from municipal solid waste discharge into the lake (Pujiindi-
yati et al., 2019; Sulastri et al., 2019).

SDD and TUR values are closely related to light penetration in
lakes, which affected phytoplankton growth (Sobolev et al., 2009;
Zhou et al., 2019). TUR results in the lakes exceeded the opti-
mum value for phytoplankton growth, i.e., 15 FTU (Sobolev et al.,
2009). pH result in BL was solely out of the range from water qual-
ity standards for drinking waters, i.e., 9.6. However, a high pH val-
ue in the lake indicates a productive lake with a high intensity of
photosynthesis (Sulawesty & Aisyah, 2020).

DO levels in PARL and RL were out of the range of water quality
standards for drinking water. Mainly, the DO level in RL was much
lower than other lakes in South Tangerang City, i.e., 4 ppm. A low
level of DO in RL was the indication of water hyacinth bloom, as
water hyacinth bloom shades the water column of the lake and
limits light intensity for photosynthesis (Mironga et al., 2012).
BOD level in PJL was solely within water quality standards for
drinking water, i.e., 1.3 ppm. Different results for BOD in BL were
obtained where the value was outside of water quality standards
for drinking water with a value of 24.1 ppm. BOD level was a
good indicator of water pollution (Dhanam et al., 2016; Mo-
hamed et al., 2017). As a productive lake, BL was a lake with the
highest BOD level. It occurred as the increase of phytoplankton
photosynthesis and growth rate parallel to phytoplankton death,
which led to the increase of oxygen consumption for aerobic mi-
croorganisms’ decomposition (Sulawesty & Aisyah, 2020).

NO,-N and PO,-P are required for phytoplankton growth, but
their presence in lakes might produce phytoplankton bloom,
which deteriorated water quality (Mohamed et al., 2017; Wijaya
& Elfiansyah, 2022). PO,-P levels in PJL, PARL and KL ranged
within water quality standards for drinking water, otherwise,

Table 1. Chemical-physical variables conditions in 8 urban lakes in South Tangerang City

Variables PJL PARL RL BL GL KL CL PAML QsAB
Wtemp (°C) 30.9+1 29.4+0.6 29.5+14 32.4+0.4 29.4+1 28.7+0.5 30.7+0.5 31.5£14 252
TDS (ppm) 62+11.7 98+7.5 164+18.5 72+9.8 236+33.8 82+7.5 138+47.9  126+258 10004
EC (us-cm™) 140+26.1 218+9.8  354+39.3  160+15.5 488+69.4  186+17.4 308+110.3 290+83.7 12008
SDD (cm) 28+10.3  50.2£11.9  32.6+20 27.9+122 24.6+57 38.3+13  46.8+132 35.1+16.1 1000~
TUR (FTU) 57.7+6 29779  367+17.2 754x26 297+168  66.8+7.7  31.9+11.2 40.1£23.5 i®
pH 8.3£0.7 7.3+0.1 7.3+0.2 9.6+0.3 7.8+0.1 8+0.5 7.7£0.6 7.9+0.6 6-94
DO (ppm) 6.7+0.6 5.9+0.7 4+0.6 7+1.1 6.8+£2 7.3£1.3 6.6+1.8 7.5%1.2 a
BOD (ppm) 1.3+0.7 9.2+5.5 6.1£5.3 24.1+7.3 6.5+1.8 6.4+2.3 12.6+6.2 8.2+3 2n
PO,-P (ppm) 0.01+0.01  0.01+0.01 0.02+0.01  0.02+0.01 0.1£0.1 0.01+0.01 0.4+0.5 0.1£0.1 0.014
NO,-N (ppm) 0.2+0.1 3.1£3.9 1.4+1.5 1.9£1.5 0.2£0.1 7.6£14.2 0.2+0.1 0.1x0.04  0.65*

Note: A = Water quality standards based on Government Regulation of Republic Indonesia Number 22 of 2021, 2021; B = Water quality standards based on World

Health Organization, 2017; * = Minimum quality standards limit.
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PO,-P levels in GL, CL and PAML ranged within optimum PO,-P
levels for phytoplankton growth (0.09-1.8 ppm) (Yuliana & Irfan,
2018). NO,-N level in PJL ranged within water quality standards
for drinking waters along with GL, CL and PAML. PARL, RL, BL
and KL ranged within the optimum range for phytoplankton
growth (0.9-3.5 ppm) except the NO,-N level in KL (Yuliana & Ir-
fan, 2018).

Water quality index

Water Quality Index (WQI) measurement results in the lakes
ranged from 61.18-79.53. PJL, GL, KL and PAML lakes had values
>71 within the good category otherwise. Furthermore, PARL, RL,
BL and CL had values >51 within the medium category (Table 2).

The results of the non-parametric Kruskal-Wallis H test between
lakes for WQI results indicated a significant difference (p<0.05).
WQI values variation in the lakes occurred as a result of various
situations in each lake location and waste discharge into the
lakes (Kannel et al., 2007; Assuyuti et al., 2019). The previously re-
ported average WQI values in GL were >74 in each period (be-
fore, on and after Ramadan) (Assuyuti et al., 2019).

WQI results in PJL were categorized as good with low levels of
PO,-P and NO,-N, indistinct from other lakes, which had higher
levels of PO,-P and NO.-N. Increasing levels of PO,-P and NO,-N
are associated with household waste discharge from the commu-
nity surrounding the lakes (Patil et al., 2012; Mohamed et al.,
2017; Nagqiuddin et al., 2017). Household waste pollution in RL,

Table 2. WQI results in 8 urban lakes in South BL and CL induced them to have a moderate category based on

Tangerang City. WQI. GL, KL and PAML were contaminated based on PO,-P and
Lakes Average WQI Beter NO,-N levels but were categorized in the good category based

on WQI. It occurred because GL, KL and PAML had high DO lev-
PJL 79.53+1.95 Good els, while their BOD levels were low. According to Kannel et al.
PARL 68.82+5.35 Medium (2007) and Bhateria & Jain (2016), DO and BOD levels are import-
RL 67.41£6.89 Medium ant parameters for aquatic organisms and ecosystems.
BL 61.18+5.53 Medium
GL 72.71+5.71 Coed Composition of phytoplankton
KL 72.94+8 71 Cood There were 65 phytoplankton genera from 11 classes and 6 divi-
CL 66.82+7.95 Medium sions observed in the lakes. The dominant phytoplankton genus in
PAML 72 71+6.30 Good PJL, PARL, RL, BL, GL and PAML was Oscillatoria spp. Meanwhile,
Table 3. Phytoplankton genera’s relative abundance in 8 urban lakes in South Tangerang City.
Relative abundance percentages
Phytoplankton
PJL  PARL RL BL GL KL CL PAML

Achnanthes spp. Bory, 1822 0% 0% 0% 0% 0% 0% 0% 0%
Actinastrum spp. Lagerheim, 1882 0% 0% 0% 0% 0% 0% 0% 0%
Amphipleura spp. Kutzing, 1844 0% 0% 0% 0% 0% 0% 0% 0%
Anabaena spp. Bory ex Bornet & Flahault, 1886 0% 0% 0% 0% 0% 0% 0% 0%
Ankistrodesmus spp. Corda, 1838 0% 0% 0% 0% 1% 0% 0% 0%
Aphanizomenon spp. Morren ex Bornet & Flahault, 1888 0% 0% 0% 0% 0% 0% 0% 0%
Arthrospira spp. Sitzenberger ex Gomont, 1892 0% 13% 0% 0% 3% 0% 0% 6%
Aulacoseira spp. Thwaites, 1848 1% 2% 1% 0% 6% 0% 0% 0%
Chlamydomonas spp. Ehrenberg, 1833 0% 0% 0% 0% 0% 0% 1% 1%
Chlorella spp. Beijerinck, 1890 0% 0% 0% 0% 0% 0% 2% 1%
Chroococcus spp. Nageli, 1849 0% 0% 0% 0% 0% 0% 0% 0%
Cladophora spp. Kitzing, 1843 0% 0% 0% 0% 0% 0% 0% 0%
Closterium spp. Nitzsch ex Ralfs, 1848 0% 0% 28% 0% 0% 0% 0% 0%
Coelastrum spp. Nageli, 1849 0% 0% 0% 0% 0% 1% 1% 0%
Coelosphaerium spp. Nageli, 1849 0% 0% 0% 5% 1% 0% 1% 0%
Cosmarium spp. Corda ex Ralfs, 1848 0% 0% 0% 0% 0% 0% 0% 0%
Cyclotella spp. (Kutzing) Brébisson, 1838 2% 8% 0% 1% 2% 7% 0% 0%
Cylindrospermopsis spp. Seenayya & Subba Raju, 1972 0% 0% 0% 0% 1% 0% 0% 0%
Cymbella spp. Agardh, 1830 0% 0% 0% 0% 0% 0% 0% 0%
Desmidium spp. Agardh ex Ralfs, 1848 0% 0% 0% 0% 0% 0% 0% 0%
Dictyosphaerium spp. Nageli, 1849 0% 0% 0% 0% 2% 0% 2% 0%
Eudorina spp. Ehrenberg, 1832 0% 1% 0% 0% 0% 0% 3% 0%
Euglena spp. Ehrenberg, 1830 1% 2% 5% 1% 8%  25% 23% 5%
Fragilaria spp. Lyngbye, 1819 0% 8% 0% 2% 0% 0% 0% 0%
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Table 3. Continue.
Relative abundance percentages

Phytoplankton

PJL  PARL RL BL GL KL CL PAML
Gleocapsa spp. Kutzing, 1843 0% 1% 0% 0% 0% 0% 0% 0%
Gomphonema spp. Ehrenberg, 1832 0% 0% 0% 0% 0% 0% 0% 0%
Gomphosphaeria spp. Kitzing, 1836 0% 0% 0% 0% 0% 0% 0% 0%
Gonium spp. Miller, 1773 0% 0% 0% 0% 0% 0% 0% 1%
Gyrosigma spp. Hassall, 1845 0% 0% 0% 0% 0% 0% 0% 0%
Haematococcus spp. Flotow, 1844 0% 0% 0% 0% 1% 0% 1% 1%
Kirchneriella spp. Schmidle, 1893 0% 0% 0% 0% 0% 0% 0% 0%
Lyngbya spp. Agardh ex Gomont, 1892 0% 3% 3% 0% 0% 15% 0% 0%
Mallomonas sp. Perty, 1852 0% 0% 0% 0% 0% 0% 0% 0%
Melosira spp. Agardh, 1824 2% 0% 0% 0% 0% 0% 0% 0%
Merismopedia spp. Meyen, 1839 0% 0% 0% 20% 0% 0% 0% 1%
Micrasterias spp. Agardh ex Ralfs, 1848 0% 0% 0% 0% 0% 0% 0% 0%
Microcystis spp. Lemmermann, 1907 2% 0% 3% 15% 1% 3% 3% 1%
Navicula spp. Bory, 1822 5% 0% 1% 1% 0% 5% 1% 1%
Nitzschia spp. Hassall, 1845 0% 0% 0% 0% 0% 4% 6% 0%
Oocystis spp. Nageli ex Braun, 1855 7% 1% 0% 6% 1% 1% 1% 1%
Oscillatoria spp. Vaucher ex Gomont, 1892 63% 47% 42% 34% 43% 23% 15% 25%
Pandorina spp. Bory, 1826 0% 0% 0% 0% 0% 0% 3% 12%
Pediastrum spp. Meyen, 1829 0% 9% 0% 2% 0% 0%  28% 16%
Penium spp. Brébisson ex Ralfs, 1848 5% 1% 0% 0% 0% 0% 0% 0%
Phacus spp. Dujardin, 1841 1% 2% 13% 7% 21% 8% 5% 19%
Phormidium spp. Kitzing ex Gomont, 1892 0% 0% 0% 0% 0% 1% 0% 0%
Pinnularia spp. Ehrenberg, 1843 0% 0% 0% 0% 0% 0% 0% 0%
Pleurotaenium spp. Nageli, 1849 3% 0% 0% 0% 0% 0% 0% 0%
Pseudaanabaena spp. Lauterborn, 1915 7% 0% 1% 0% 5% 0% 0% 0%
Quadrigula spp. Printz, 1916 0% 0% 0% 0% 0% 0% 0% 0%
Scenedesmus spp. Meyen, 1829 0% 0% 0% 5% 0% 1% 1% 2%
Selenastrum spp. Reinsch, 1866 0% 0% 0% 0% 0% 0% 0% 0%
Sphaerocystis spp. Chodat, 1897 0% 0% 0% 1% 0% 0% 2% 3%
Spirogyra spp. Link, 1820 0% 0% 1% 0% 0% 0% 0% 0%
Stephanodiscus spp. Ehrenberg, 1845 0% 0% 0% 0% 0% 0% 0% 0%
Strombomonas spp. Deflandre, 1930 0% 0% 0% 0% 0% 0% 1% 0%
Surirella spp. Turpin, 1828 0% 0% 0% 0% 0% 0% 0% 0%
Synechococcus spp. Nageli, 1849 0% 0% 0% 0% 0% 1% 0% 0%
Synedra spp. Ehrenberg, 1830 0% 1% 0% 0% 0% 1% 0% 0%
Tetraédron spp. Kutzing, 1845 0% 0% 0% 0% 0% 0% 0% 0%
Tetrastrum spp. Chodat, 1895 0% 0% 0% 0% 0% 0% 0% 0%
Trachelomonas spp. Ehrenberg, 1834 0% 0% 0% 0% 0% 0% 0% 0%
Tribonema spp. Derbes & Solier, 1851 0% 0% 0% 0% 0% 0% 0% 0%
Ulothrix spp. Kitzing, 1833 0% 1% 0% 0% 0% 0% 0% 0%
Volvox spp. Linnaeus, 1758 0% 0% 0% 0% 0% 0% 0% 0%

Note: bold = Dominant genus in each lake (phytoplankton genus with the highest relative abundance)

the dominant phytoplankton genera in KL and CL were Euglena
spp. and Pediastrum spp. respectively (Table 3). The abundance
percentage of phytoplankton classes in PJL, PARL, RL, BL, GL and
KL were dominated by Cyanophyceae (72%, 64%, 49%, 74%, 54%
and 44%). Meanwhile, the abundance percentage in CL and PAML
was dominated by Chlorophyceae (39% and 38%). Bacillariophy-

ceae, Coscinodiscophyceae, Mediophyceae, Trebouxiophyceae
and Ulvophyceae classes had low abundance percentages in each
lake (<10%) (Table 4). Total phytoplankton abundance values in
the lakes ranged from 175-3224 ind-L". RL is the highest (3224 In-
d-L") and PJL s the lowest (175 Ind-L"") (Table 5). The non-paramet-
ric Kruskal-Wallis H test indicated a significant difference in phyto-
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Table 4. Phytoplankton classes’ relative abundance percentage in 8 urban lakes in South Tangerang City.
Lakes
Classes PJL PARL RL BL GL KL CL PAML
Relative abundance percentages
Bacillariophyceae 5% 9% 1% 2% 0% 10% 7% 1%
Chlorophyceae 0% 1% 1% 8% 5% 2% 39% 38%
Coscinodiscophyceae 3% 2% 1% 0% 6% 0% 0% 0%
Cyanophyceae 72% 64% 49% 74% 54% 44% 21% 34%
Euglenophyceae 2% 4% 18% 7% 28% 34% 29% 24%
Mediophyceae 2% 8% 0% 1% 2% 7% 0% 0%
Chrysophyceae 0% 0% 0% 0% 0% 0% 0% 0%
Trebouxiophyceae 8% 1% 0% 6% 3% 1% 5% 3%
Ulvophyceae 0% 1% 0% 0% 1% 0% 0% 0%
Xanthophyceae 0% 0% 0% 0% 0% 0% 0% 0%
Zygnematophyceae 8% 1% 30% 0% 0% 1% 0% 0%
lluted and und t eutrophication. A ing to Kshi
Table 5. Total phytoplankton abundance (Indv/L") values polluted and underwent eutrophication. According to Kshirsagar

in 8 urban lakes in South Tangerang City.

Lakes Total Abundances Phytoplankton
PJL 175

PARL 700

RL 3224

BL 496

GL 805

KL 671

CL 878

PAML 1147
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Figure 2. Diversity (H’), evenness (J) and dominance (D)
indices’ values in 8 urban lakes in South Tangerang
City.

plankton abundances between lakes (p<0.05). H" values in the
lakes ranged from 1.50-2.30. J' values in the lakes ranged from
0.49-0.67. D values ranged from 0.19 to 0.41.

Oscillatoria, Euglena and Pediastrum were found to be the dom-

inant genera in the lakes. The results indicated that they were

(2013), Oscillatoria, Euglena and Pediastrum are genera of phy-
toplankton used for pollution indicators. Furthermore, Oscillato-
ria was abundant in each lake, reinforcing pollution indications
which occurred in the lakes. It was also reported by previous re-
search in Ousteri Lake, India and Segara Anakan, Indonesia that
Oscillatoria spp. was dominant as it is the highly tolerant genus
to polluted waters (Dhanam et al., 2016; Piranti et al., 2021b). Rel-
ative abundance of phytoplankton genera might change rapidly
as their physiological mechanisms for growth and loss respond
to the alteration of chemical-physical variables condition (Kaga-
mi et al., 2002; Bellinger & Sigee, 2010; Utomo et al., 2013).

Increasing organic pollution and eutrophication led domination
of Cyanophyceae and Chlorophyceae. This is reinforced by the
domination of high pollution-tolerant genera from them, i.e., Os-
cillatoria, Pediastrum and Pandorina (Jafari & Gunale, 2006;
Kshirsagar, 2013). Domination of Cyanophyceae and Chlorophy-
ceae also occurred previously in Baiyangdian Lake, China due to
increasing organic pollution (Wang et al., 2013). PJL had slight
organic pollution based on the BOD level, followed by low levels
of PO,-P and NO,-N. The limited content of NO,-N on the PJL
surface waters is thought to have caused the Cyanophyceae
class, mainly Oscillatoria, to become dominant which is a nitro-
gen-fixing genus and can generate gas vacuoles to remain in the
water surface of the lake (Padmavathi & Prasad, 2007).

Cyanophyceae class domination caused blooming to form as a
green surface scum or foam on the surface of the lake, which in-
terfered with light intensity to a water column of the lake (How-
ard, 1994, van Vuuren et al., 2006). Low light intensity and toxin
secretion from several genera of Cyanophyceae established low
abundance percentages for Trebouxiophyceae and Ulvophyce-
ae, as they are limiting factors for phytoplankton photosynthesis
(Bellinger & Sigee, 2010; Liang et al., 2015). Based on previous
research, diatom taxa (Bacillariophyceae, Coscinodiscophyceae
and Mediophyceae) were unable to adapt to the limited phos-
phorus competition with Cyanophyceae class (Amano et al.,
2010).
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Total phytoplankton abundance in RL was higher than other
lakes in South Tangerang City because of invasive aquatic plants
overgrown, i.e., water hyacinth. The adsorption function of root
trap in water hyacinth increased phytoplankton abundance sur-
rounding it (Wang & Yan, 2017). Mainly, it increased phytoplank-
ton abundance of tolerant genera in high-pollutant lakes such as
Oscillatoria and Closterium, which were observed abundant in
RL (Table 3). A high density of water hyacinth also inhibits the
growth of submerged aquatic plants, which play an important
role in controlling the phytoplankton population (Mironga et al.,
2012; Zeng et al., 2017; da Silva et al., 2018).

PJL was the lowest total phytoplankton abundance in the lakes,
followed by BL, as BL was the lowest total phytoplankton abun-
dance in the lakes behind PJL (<500 Ind-L"). The total abundance
of phytoplankton decreased allegedly because the sediments in
PJL and BL were dredged. The previous research also reported a
decrease in phytoplankton biomass after sediment dredging oc-
curred (Norris & Laws, 2017). Total phytoplankton abundances in
PJL and BL were decreased, but Cyanophyceae constantly dom-
inated in them. Presumably, sediment dredging merely reduces
phytoplankton biomass and nutrient loading without controlling
Cyanophyceae’s population.

H’ values in PJL, PARL, RL and GL indicated heavy pollution
(1<H'<2), meanwhile H' values in BL, CL, KL and PAML indicated
moderate pollution (2<H’'<3) (Gao et al., 2018). The lakes in
South Tangerang City had undergone moderate-heavy pollu-
tion, however, there was no dominant phytoplankton genus with-
in phytoplankton communities in the lakes as D values in the
lakes were low and phytoplankton communities were stable
(D<0.5) (Nurfadillah et al., 2022). The D values were supported by
J' values in the lakes, except RL, which was high with even disper-
sion of phytoplankton genera (J'’>0.5). RL had J' values catego-
rized as low (J'<5) with uneven dispersion of phytoplankton gen-
era (Nurfadillah et al., 2022). Uneven distribution conditions
cause the phytoplankton community to be vulnerable to the
presence of dominant genera (Al-Thahaibawi et al., 2021).

Based on previous research, BL was reported to be heavily pol-
luted with H' values in the range of 0.151-0.158 (Salam, 2010). In-
creasing H' in BL occurred as BL had undergone lake manage-
ment by sediment dredging in 2019. According to Salam (2010),
BL had a low DO level (3.13-5.62) before sediment dredging and
it was increased as sediment dredging occurred (7+1.1). Phyto-
plankton was stressed before dredging the sediment due to low

DO and H’ levels, but after dredging DO and H' in BL increased.
According to Cronberg (1982), sediment dredging decreases nu-
trient loading and increases the diversity of phytoplankton.

Phytoplankton indices pollution

Trophic and pollution degree based on Nygaard (In) values in the
lakes ranged from 2.50-undefined. PJL had the smallest In value
(2.50), which was categorized in slight eutrophication, otherwise,
BL, GL, CL and PAML were undefined with high eutrophication.
Saprobik (X) values ranged from 0.33-1.80. The highest X value
occurred in PJL, which included in oligo/B-mesosaprobic phase
with very slight pollution. The lowest X values occurred in BL and
GL which indicated the B/a-mesosaprobic phase had moderate
pollution (Table 6).

The In value was categorized as slight eutrophication and the X
value indicated very slight pollution in PJL. Both these results
were identified by low levels of BOD, PO,-P and NO,-N in PJL.
PJL had a satisfying mixing process as the phytoplankton genus,
which is a bioindicator for the low nutrient lake, i.e., Pleurotaeni-
um, was found (Reynolds et al., 2002; Padisék et al., 2009). Other-
wise, BL had high BOD and NO,-N despite sediment dredging
occurring in BL. Therefore, BL was categorized as having moder-
ate pollution based on the X value. This occurred as a negative
impact of sediment dredging, which produced secondary pollut-
ants (Chen et al., 2021).

Moderate eutrophication based on the In value and slight pollu-
tion based on the X value occurred in RL. Anthropogenic activity
around RL was high; it was supported by high-pollution tolerant
phytoplankton genera, such as Oscillatoria and Closterium, be-
ing found in RL (Jafari & Gunale, 2006; Kshirsagar, 2013; Stamen-
kovi€ et al., 2021). Moderate eutrophication in RL occurred as a
result of the anthropogenic activity around RLs increasing PO,-P
and NO,-N levels. According to (Patil et al., 2012; Vicentin et al.,
2018), high levels of PO,-P and NO.-N are an indication of eutro-
phication in a lake.

In values in PARL and KL were categorized as high eutrophica-
tion, furthermore In values in BL, GL, CL and PAML were unde-
fined as the absences of Desmidiales in BL, GL, CL and PAML
were observed. Undefined conditions indicate that high eutro-
phication occurred as Desmidiales were absent in BL, GL, CL
and PAML. Generally, Desmidiales was the bioindicator for the
oligotrophic lake (Jindal et al., 2014; Stamenkovi¢ et al., 2021).
Therefore, based on In values, PARL, BL, GL, KL, CL and PAML

Table 6. Nygaard and saprobic indices’ values in 8 urban lakes in South Tangerang City.

Lakes In Trophic degree X Saprobic phase (pollution degree)

PJL 2.50 Slight eutrophication 1.80 Oligo/p-mesosaprobic (very slight pollution)
PARL 7.50 High eutrophication 1.00 B-mesosaprobic (slight Pollution)

RL 4.67 Moderate eutrophication 1.15 B-meso/oligosaprobic (slight pollution)

BL Undefined - 0.33 B/a-mesosaprobik (moderate pollution)

GL Undefined - 0.33 B/a-mesosaprobic (moderate pollution)

KL 11.00 High eutrophication 0.75 B-mesosaprobic (slight pollution)

CL Undefined - 0.45 B/a-mesosaprobic (moderate pollution)
PAML Undefined - 0.56 B-mesosaprobic (slight pollution)
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were categorized as high eutrophic lakes. Otherwise, X values
in PARL, KL and PAML indicated slight pollution has occurred.
Different results from previous research observed moderate
and heavy pollution in PARL and KL, respectively (Rijaluddin et
al., 2017; Zharifa et al., 2019). Based on (Dresscher and Mark,
1976), incompatibility results of the saprobic index indicate that
a heavy disruption in the environmental condition in the lakes
occurred.

Inter-lake correlation based on Jaccard Index

Jaccard index values for inter-lakes were not equal to 1. CL and
PAML formed a cluster with the highest Jaccard index value (0.62).
PARL with KL and GL with RL formed a cluster with similar Jaccard
index values (0.52). BL and PJL were separated and isolated from
other lakes with low Jaccard index values (<0.5) (Figure 3).

Jaccard index values in the lakes (#1) indicate there are no iden-
tical similarities in the composition and diversity of phytoplank-
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Figure 3. Inter-lake correlation in South Tangerang City.

ton communities’ inter-lakes (Cermefio et al., 2010; Vijayaku-
mari et al., 2018). According to a report from Li et al. (2021),
there were 4 similarity conditions based on Jaccard index val-
ues, i.e. extremely dissimilar (0>0,25), dissimilar (0,25>0,5), sim-
ilar (0,5>0,75) and extremely similar (0,75>1). CL with PAML,
PARL with KL and GL with RL had inter-lake similarities but BL
and PJL were dissimilar with other lakes. According to Niyoy-
itungiye et al. (2020), environmental conditions, mainly chemi-
cal-physical variables conditions, impact the distribution of
phytoplankton differently. JPL (PO,-P and NO.-N limitation)
and BL (High pH and BOD level) had extreme chemical-physical
variables conditions, which inhibited several phytoplankton
genera’s growth. They had no inter-lake similarities and they
were isolated from the cluster.

Water variables and phytoplankton towards WQlI

Based on Spearman’s correlation results, the best correlation be-
tween the research variables and WQIl were DO and BOD levels.
DO levels indicated a moderate positive correlation with WQI
values (r = 0.53), while indistinct with BOD levels indicated a
strong negative correlation (r = -0.75). Phytoplankton abundanc-
es (A) indicated a low negative correlation with WQI values (r =
-0.17) (Table 7).

A high BOD level is depleting DO level in the lake and harming
aquatic ecosystems (Bhateria & Jain, 2016). Therefore, the de-
creasing DO level indicated deterioration of water quality by
high BOD level. Meanwhile, a high DO level sustains aquatic or-
ganism respiration in the lake for respiration (Sulawesty & Aisyah,
2020). It also affirms the previous presumption, which indicated
BOD and DO levels as the important factors for WQI. Phyto-
plankton abundance indicated a low negative correlation with
WAQI. It indicated an indirect interaction between phytoplankton
abundance and water quality.

Table 7. Spearman’s coefficient correlation results.

Wtemp TDS EC SDD TUR pH DO BOD PO,P NO,N A wal
Variables

r

Wtemp 1
TDS -0.29 1
EC -0.30 0.99 1
SDD -0.16 -0.06 -0.06 1
TUR 0.21 -0.55 -0.53 -0.26 1
pH ] 0.10 0.27 0.24 -0.29 -0.27 1
DO 0.29 -0.28 -0.27 -0.03 0.31 0.04 1
BOD 0.37 0.01 -0.04 0.14 0.18 -0.18 0.09 1
PO,-P 0.10 0.51 0.52 -0.03 -0.33 0.31 0.14 0.02 1
NO,-N -0.08 -0.30 -0.33 -0.07 0.12 -0.08 -0.29 0.1 -0.55 1
A -0.06 0.55 0.58 -0.08 -0.36 0.02 -0.25 0.04 0.17 0.04 1
WaQl -0.11 -0.20 -0.16 -0.09 -0.07 0.18 0.53 -0.75 0.06 -0.26 -0.17 1

Note: Bold = the best correlation coefficient with WQI results
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CONCLUSIONS

The water quality of the lakes in South Tangerang City was not
compatible with drinking water based on chemical-physical vari-
ables condition analysis. WQI values were categorized as a me-
dium-good category. Based on phytoplankton composition,
there was a domination of high-tolerant phytoplankton genera
and classes in polluted waters. Phytoplankton communities were
stable in the lakes in South Tangerang City, except for RL, which
was vulnerable. Phytoplankton compositions between lakes
were not identical based on the similarity index. Correlations of
DO and BOD with WQlI results were the best correlation. DO had
the highest positive correlation, whilst BOD had the highest neg-
ative correlation. Sediment dredging needs to be done periodi-
cally and further improvement in lake management is required.
Submerged macrophytes restoration is highly recommended for
controlling Cyanophyceae’s population.
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ABSTRACT

Cyanobacterial blooms are a global concern causing water quality problems that have serious ef-
fects on recreational activities, irrigation, and drinking water usage. Various approaches are avail-
able to control cyanobacterial blooms in which Hydrogen Peroxide (H,O,) emerges as a notewor-
thy environmentally safe oxidizing agent selectively inhibiting the growth of cyanobacteria and
leaving no residue. The objective of this study was to assess how different concentrations of H,0,
(1,2, and 4 mg L") affect the growth of unicellular Microcystis aeruginosa and filamentous Sphaero-
spermopsis aphanizomenoides cultures obtained from inland waters in Tirkiye and to compare the
effectiveness of H,0, application in monocultures and mixed cultures. For this purpose, the exper-
imental setups were conducted in 96-well microtiter plates with eight replicates, and the growth of
cultures during the experiment was monitored by measuring cell optical density at 665 nm (OD,, ).
The results showed that 1 mg L' H,O, had a significant effect on the growth of monocultures of
Microcystis with cell densities of 100x10° cell mL" (p<0.05) and Sphaerospermopsis with 50x103 cell
mL". The cell growth of Microcystis cultures with higher densities declined at 4 mg L' H,O, addi-
tion, significantly. However, 4 mg L' H,O, dosage was effective up to 200x10° cell mL"' Sphaeros-
permopsis. In the mixtures of these species, 2 mg L' H,O, application was effective to suppress the
tested cell densities in the case of Microcystis dominance.

Keywords: Cyanobacteria bloom, hydrogen peroxide, freshwater management

INTRODUCTION high population densities within water bodies,
and form dense blooms which are visible scums
on the water surface and as mats along the
edges of water bodies (SvirCev et al. 2019).
Studies have shown that prolonged periods of
stratification in water bodies, resulting from cli-
mate change, can benefit fast-growing and
buoyant cyanobacteria (Carey et al. 2012; Man-
tzouki et al. 2018). As nutrient loadings and
stratification increase in water bodies, cyano-

Harmful cyanobacterial blooms are a globally
major concern in freshwater resources (Mant-
zouki, Lirling, et al. 2018; Schuurmans et al.
2018; SvirCev et al. 2019). Cyanobacteria have
unigue and highly adaptable eco-physiological
properties such as nitrogen fixation, buoyancy
regulation, and toxin production (Carey et al.
2012; Ganf & Oliver 1982; Litchman & Klausmei-
er 2008; Mantzouki et al. 2016). These eco-phys-
iological characteristics contribute to the com-
petitiveness of cyanobacteria, allowing them to

bacteria with access to well-lit surface waters or
nutrient-rich hypolimnetic layers have a com-
petitive advantage and can become dominant

adapt rapidly to changing environmental con- (Ganf & Oliver 1982: Mantzouki et al. 2018).
ditions and outcompete other phytoplankton

species (Mantzouki et al. 2018). They achieve  The occurrence of cyanobacterial proliferation
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is promoted by eutrophication, increasing CO, levels, and global
warming (Mantzouki et al. 2018; Paerl & Huisman 2009; Sandrini
et al. 2020; Schuurmans et al. 2018). Cyanobacterial blooms can
result in various water quality issues, including turbidity, noctur-
nal oxygen deficiency, undesirable appearance, and unpleasant
taste and odor (Blaha et al. 2009; Kang et al. 2022), and the pos-
sibility of producing various cyanotoxins which also result in hu-
man health risks (Azevedo et al. 2002; Bldha et al. 2009; Koker et
al. 2017). Thus, these blooms pose a significant risk to drinking
water reservoirs, recreational waters, and overall ecological bal-
ance, resulting in economic and ecological damage (Sandrini et
al. 2020). The impact of eutrophication and cyanobacterial
blooms extends beyond the environment, affecting ecosystem
services including the decline of commercial fisheries, aquacul-
ture, and property values, as well as disruptions to recreational
activities, irrigation, and drinking water usage (Akcaalan et al.
2014; Albay et al. 2003a; Kang et al. 2022).

Current management methods for algal blooms include using
activated carbon, membrane filtration, or UV disinfection (Akcaa-
lan et al. 2006; Westrick et al. 2010). Using oxidants like cop-
per-based substances is one of the most common procedures
for combating algal blooms (Albay et al. 2003b). However, due to
its detrimental effect on the ecosystem, alternative methods that
involve the use of various oxidizing agents are being considered
(Huang & Zimba 2020). Among these agents, Hydrogen Peroxide
(H,0,) stands out as an environmentally friendly oxidant. The ma-
jor advantages of H,0, are the rapid degradation into water and
oxygen through chemical and biological oxidation-reduction re-
actions which do not persist in the environment and result in no
traces, as well as selective suppression of cyanobacteria (Matthijs
et al. 2016; Piel et al. 2019).

Studies have shown that the use of low concentrations of H,0,
ranging from 2-10 mg L effectively induces oxidative stress to
suppress cyanobacterial proliferations. As opposed to other phy-
toplankton groups, such as green algae, phycobilisomes of cya-
nobacteria are located directly on the outside of the membranes
(Bauzé et al. 2014), which are highly sensitive to the oxidizing
agents. In contrast, green algae and diatoms experience signifi-
cantly less impact from this treatment (Sandrini et al. 2020). Al-
though there are many variables to affect H,O, efficiency, H,0,
dose, and algal biomass are of great importance (Jia et al. 2014;
Liu et al. 2017).

Cyanobacterial blooms are a global phenomenon; Microcystis
spp., Anabaena spp., Dolichospermum spp., Sphaerospermop-
sis spp., and Planktothrix spp. are the most commonly found cy-
anobacteria in the world that are known as actual or potential cy-
anotoxin producers (Svir€ev et al. 2019). Microcystis spp. and
Sphaerospermopsis spp. are also widely encountered cyanobac-
teria in Turkish freshwater resources (Koker et al. 2017). Although
the first cyanobacterial bloom records in Turkiye started in the
1980s, monitoring studies started in the 1990s. Since then, cya-
nobacterial blooms have been a growing concern in Turkish
freshwater resources (Akcaalan et al. 2006; Albay et al. 2003a; Al-
bay et al., 2005; Koker et al. 2022). It is observed that most of the
cyanobacteria species proliferate from May to September,
whereas Planktothrix rubescens can be found in high numbers

throughout the year in some lakes in Turkiye. Following the re-
sults of the aforementioned study and the increase in problems
related to cyanobacteria and their toxins, guidelines for cyano-
bacterial toxins have been prepared for drinking and recreation-
al waters (Anonymous 201%a; 2019b).

The purpose of the current study was to determine the response
of various densities of unicellular Microcystis aeruginosa and fila-
mentous Sphaerospermopsis aphanizomenoides cultures isolat-
ed from Turkish inland waters to 1, 2, and 4 mg L' H,O, concen-
tration and to compare the efficiency of H,O, application in terms
of monocultures and their mixtures.

MATERIALS AND METHODS

Cultivation of cyanobacteria

Two different species of cyanobacteria isolated from freshwater
sources in Turkiye were used. The filamentous cyanobacterium
Sphaerospermopsis aphanizomenoides was isolated from Lake
Iznik and the unicellular cyanobacterium Microcystis aeruginosa
was isolated from Kiclkcekmece Lagoon.

Media and flasks were sterilized in an autoclave at 121¥C for 20
min before starting the experimental sets. For the cultivation of
S. aphanizomenoides, a medium without nitrogen was used,
while M. aeruginosa was cultivated in the BG11 medium with ni-
trogen. The specific contents of the BG11 media are presented
in Table 1.

Table 1. Media used for cyanobacteria cultures.

BG-11 BG-11,
Component

M. aeruginosa S. aphanizomenoides

NaNO, 1.5gL! -
CaCl, 0.0272 g L 0.0272 g L
Ferric ammonium p p
. 0.012gL 0.012gL
Na,EDTA 0.001 g L 0.001 g L
KHPO, 0.04 gL 0.04 gL
MgSO, 0.0361 g L 0.0361 g L
Na,CO, 0.02 gL’ 0.02gL"
Sodium citrate 0.00882 g L 0.00882 g L

1 mL stock L' * 1 mL stock L' *

*Trace minerals contain of 2.86 g of H,.BO,, 1.81 g of MnCl,.4H,0, 0.39 g of
NaMoO,.2H,0, 0.079 g of CuSO,.5H,0, and 0.494 g of Co(NQO,),.6H,0 in 1 L of

ultrapure water.

Trace minerals

To calculate the initial cell count was in the experiment, the sam-
ples from cultures were fixed by Lugol's iodine solution for the
enumeration. For the abundance analysis of S. aphanizomenoi-
des, the Utermdhl (1958) method was employed using a Zeiss
Axiovert inverted microscope, and the cell counting of M. aeru-
ginosa was done using a Neubauer chamber (hemocytometer).

The growth of cultures during the experiment was monitored by

measuring cell optical density at 665 nm (OD,,,) by using a micro-
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plate reader (Thermo Scientific Multiskan FC, Waltham, MA).
Measurements were taken prior to H,O, addition (t=0) and t=1,
2,4, and 6 h after H,O, addition, and then densities were moni-
tored on a daily basis.

Experimental setup

Two different experimental setups were conducted within the
scope of this study. All treatments were performed with eight
replicates. First, the sensitivity of various densities of monocul-
tures of M. aeruginosa and S. aphanizomenoides to 1, 2, and 4
mg L™ H,0,was determined in 96-well microtiter plates. After the
first experiment, the second experiment was conducted accord-
ing to the appropriate dose. Since zooplankton is sensitive to
H,O, in a concentration exceeding 2.5 mg L7, it is not applicable
to use H,O, in higher concentrations (Matthijs et al. 2012). Thus,
the second experiment was prepared to demonstrate the various
densities of M. aeruginosa and S. aphanizomenoides mixtures to
2 mg L' H,0, dosage. The control groups were also included in
the experiment without H,0, addition (0 mg L H,0,). The exper-
imental setups were summarized in Table 2. For each species and
mixture, 96-well plates were inoculated with 340 pL cultures with
different densities and 10 pL of H,O, was added at different con-
centrations. Well-plates were placed in the Plant Growth Cham-
ber (MLR-351, Sanyo) at 21 °C temperature with an 18:6 hour day
cycle (day: night) and the tests were continued for 6 days.

Statistics

All the experimental sets were replicated and the mean values
were used. The differences between controls and H,0, added
cultures were assessed by the Student’s t-test.

RESULTS AND DISCUSSION

Controlling cyanobacterial blooms with H,O, treatment needs to
be thoroughly studied, since there are so many physical (light in-

tensity), chemical (concentration of dissolved organic materials),
and biological factors (algal density, cyanobacterial biomass) at
play (Agustina et al. 2005; Chen et al. 2021; Matthijs et al. 2012).
This study was designed to assess the effects of low H,O, dosag-
es on the presence of various densities of S. aphanizomenoides
and M. aeruginosa.

The sensitivity of the monoculture of S. aphanizomenoides to
H,0, dosages is given in Figure 1. 1 mg L' H,0, concentration
was only effective for the cell density of 50x10° cell mL" (p<0.05)
and cell growths were not affected by 1 mg L' H,O, at higher cell
densities (p>0.05). The growth of S. aphanizomenoides was sig-
nificantly decreased at 2 mg L' and 4 mg L' H,O, addition at
100x10% cell mL™ (0<0.05). For higher cell densities, 4 mg L' H,O,
dosage was effective at 150 x10° cell mL" (p<0.05) and 200 x10°
cell mL" (p<0.05). Higher cell densities were resistant to assessed
H,O, dosages (p>0.05).

The sensitivity of the monoculture of M. aeruginosa to H,0O, dos-
ages is depicted in Figure 2. 1 mg L H,O, had a significant effect
on 100x10° cell mL" and a slightly increase in biomass was ob-
served at 250x10° cell mL" and 500x10° cell mL" (p<0.05). Al-
though the addition of 1 mg L' H,0O, did not affect the cell
growth of M. aeruginosa cultures with higher densities (750 x10°
cell mL", 1000x10° cell mL", and 1750x10° cell mL") (p>0.05), the
cell growth declined significantly at 2 mg L' and 4 mg L' H,0,
addition (p<0.05). The results of this study are in line with a re-
cent study carried out by Kang et al. (2022), in which the authors
found that the addition of 1, 3, and 10 mg L H,0, decrease M.
aeruginosa growth. In another study, Wang et al. (2022) investi-
gated the effectiveness of H,O, on Microcystis with a cell density
of 1.5x10" cells L. The authors found that 5.4 mg L' H,O, dos-
age caused a decrease in chl-a concentration and lower dosages
did not reveal any significant effects on Microcystis cells.

Table 2. Experimental setup.

Monoculture

S. aphanizomenoides (S) M. aeruginosa (M)

- H,O, addition
0= 102 x cell mL"
g 50 100
= 100 250
u% 150 500 H,O, was added as 0, 1,2, and 4 mg L.
200 750
250 1.000
500 1.750
Mixture
S. aphanizomenoides (S) + M. aeruginosa (M) Total cyanobacteria
:z' 103 x cell mL"
g 25 + 100 125 Set |
'q:’ 25 + 150 175 Set Il
= 25 + 200 225 Setlll :
25 + 250 275 Set IV ,0, was set as 0 and 2 mg L
50 + 100 150 Set V
50 + 250 300 Set VI
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ply a dosage of 2 mg L' H,0O,. Since freshwater algal blooms
can be predominantly composed of a single cyanobacterial ge-
nus or multiple genera, it is important to evaluate the effects of
H,0O, application to different species’ interspecific variations
(Yang et al. 2018). Thus, in Experiment 2, we assessed a mixture
of S. aphanizomenoides and M. aeruginosa cultures with differ-
ent cell densities and tried to see the interspecific effect of 2
mg L' H,O,. Figure 3 shows the cell densities of S. aphanizom-
enoides and M. aeruginosa after the addition of 2 mg L" H,O,
dosage. H,O, addition had significant effects on cell densities
(p<0.05). The increase in each group did not reveal resistance
to H,O,. When the mixture of these two species was compared,
effective suppression was observed at 125, 175, and 225 x103
cell mL". 2 mg L' H,0, application is effective on the coexis-
tence of S. aphanizomenoides and M. aeruginosa in the case of
M. aeruginosa dominance.

Figure 1. The cell densities of S. aphanizomenoides after the

addition of 1, 2, and 4 mg L' H,O, addition.
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Figure 2. The cell densities of M. aeruginosa after the addition

of 1,2, and 4 mg L H,O, addition.

The results revealed that M. aeruginosa cultures were more
sensitive to H,0, compared to S. aphanizomenoides culture.
The potential reason for the relatively higher resistance to H,0,
in Sphaerospermopsis compared to Microcystis species might
be explained in this way: M. aeruginosa has lost its colony struc-
ture in the culture conditions and has been exposed to H,0O,
more intensely because it is in the form of a single cell. Since
Sphaerospermopsis has a filamentous structure, it has higher
resistance to H,0, application. A possible explanation for the
biomass decrease might be related to the loss of membrane in-
tegrity and cell lysis of M. aeruginosa. Studies showed that
higher than 2 mg L' H,0, concentrations effectively killed cya-
nobacteria, but can cause the substantial release of toxins into
the water (LUrling et al. 2014). Furthermore, since zooplankton
is sensitive to H,0, in a concentration exceeding 2.5 mg L, itis
not applicable to use H,O, in higher concentrations (Matthijs et
al. 2012). Thus, in the following experiment, we decided to ap-

Experiment 2

absorbance
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Figure 3. The «cell densities of M. aeruginosa and
S. aphanizomenoides mixtures after the addition of
2mgL"H,0,.

Taken together, we can recommend that the application of H,0,
to control cyanobacterial blooms should be carried out in the
early stage of a bloom, when algal density is relatively low (Chen
et al. 2021; Fan et al. 2013; Liu et al. 2017). It should be noted that
different cyanobacteria species exhibit varying responses to the
application of H,0,, which can be attributed to their distinct sur-
vival strategies (Lusty & Gobler 2020). Thus, the application of
H,O, should be specifically optimized.

CONCLUSION

The main goal of the current study was to assess the response of
various densities of two cyanobacteria species that were com-
monly found in Turkish freshwater, M. aeruginosa and S. aphani-
zomenoides, to 1,2, and 4 mg L'' H,O, addition and evaluate the
efficiency of H,0, application in terms cell growth of monocul-
tures and their mixtures. This study has found that H,0, treat-
ment is much more effective for generally low cell densities and
M. aeruginosa cultures were more sensitive to H,O, application
compared to S. aphanizomenoides culture. More information on
the application of H,0, in larger-scale experiments would help to
establish a greater degree of accuracy on this matter. A further
study could assess the effects of H,O, addition in the lake using
mesocosm experiments.

208



Aquat Sci Eng 2023; 38(4): 205-211
Koker, Ozbayram, Oguz, Akgaalan and Albay. Cyanocidal Effect of H,0, on the Bloom-Forming Microcystis aeruginosa and Sphaerospermopsis...

Conflict of Interest: The author has no conflicts of interest to de-
clare.

Ethics committee approval: Ethics committee approval is not
required.

Financial disclosure: This work was supported by the Scientific
Research Projects Coordination Unit of Istanbul University [grant
number: FBG-2022-38851].

REFERENCES

Agustina, T.E., Ang H.M. & Vareek V.K. (2005). A Review of Synergistic
Effect of Photocatalysis and Ozonation on Wastewater Treatment.
Journal of Photochemistry and Photobiology C: Photochemistry
Reviews 6(4):264—73, doi: 10.1016/j.jphotochemrev.2005.12.003

Akcaalan, R. Kéker, Oguz, A., Spoof, L., Meriluoto, J & Albay, M. (2014).
First Report of Cylindrospermopsin Production by Two Cyanobacteria
(Dolichospermum mendotae and Chrysosporum ovalisporum) in
Lake Iznik, Turkey. Toxins 6(11):3173-86, doi: 10.3390/toxins6113173

Akcaalan, R., Yound, FM., Metcalf, J.S., Morrison, L.F,, Albay, M. & Codd,
G.A. (2006). Microcystin Analysis in Single Filaments of Planktothrix
spp. in Laboratory Cultures and Environmental Blooms. Water
Research 40(8):1583-90, doi: 10.1016/].watres.2006.02.020

Albay, M., Matthiensen, A. and Codd, G.A. (2005). Occurrence of toxic
blue-green algae in the Kucukcekmece lagoon (Istanbul, Turkey).
Environ. Toxicol., 20: 277-284, doi: 10.1002/tox.20118

Albay, M., Akcaalan, R., Tufekci, H., Metcalf, J. S., Beattie, K. A., & Codd,
G. A. (2003a). Depth profiles of cyanobacterial hepatotoxins
(microcystins) in three Turkish freshwater lakes. Hydrobiologia, 505,
89-95, doi: 10.1023/B:HYDR.0000007297.29998.5¢

Albay, M., Akcaalan, R., Aykulu, G., Tufekci, H., Beattie, K. A., & Codd, G.
A. (2003b). Occurrence of toxic cyanobacteria before and after
copper sulphate treatment in a water reservoir, Istanbul, Turkey. Archiv
Fur Hydrobiologie-Supplement, 148, 67-78, doi: 10.1127/1864-
1318/2003/0109-0067

Anonymous, (2019a). igme Suyu Temin Edilen Sularin Kalitesi ve Aritilmasi
Hakkinda Yénetmelik, Resmi Gazete, No: 30823.

Anonymous, (2019b). Yizme Suyu Kalitesi Yonetmeligi, Resmi Gazete,
No:30899.

Azevedo, S.M. FO, Carmichael W.W., Jochimsen E.M., Rinehart K.M, Lau
S., Shaw G.R., Eaglesham G.K. (2002). Human Intoxication by
Microcystins during Renal Dialysis Treatment in Caruaru—
Brazil.” Toxicology 181-182:441-46, doi: 10.1016/S0300-
483X(02)00491-2

Bauza, L., Aguilera, A., Echenique, R., Andrinolo, D., & Giannuzzi, L.
(2014). Application of hydrogen peroxide to the control of eutrophic
lake systems in laboratory assays. Toxins, é(9), 2657-2675, doi:
10.3390/toxins6092657

B Blaha, L., Babica, P, & Marsalek, B. (2009). Toxins produced in
cyanobacterial water blooms-toxicity and risks. Interdisciplinary
toxicology, 2(2), 36, doi: 10.2478/v10102-009-0006-2

Carey, C. C., Ibelings, B. W., Hoffmann, E. P, Hamilton, D. P, & Brookes,
J. D. (2012). Eco-physiological adaptations that favour freshwater
cyanobacteria in a changing climate. Water research, 46(5), 1394-
1407, doi: 10.1016/j.watres.2011.12.016

Chen, C., Wang, Y., Chen, K., Shi, X., & Yang, G. (2021). Using hydrogen
peroxide to control cyanobacterial blooms: A mesocosm study
focused on the effects of algal density in Lake Chaohuy,
China. Environmental Pollution, 272, 115923, doi: 10.1016/j.
envpol.2020.115923

Fan, J., Ho, L., Hobson, P, & Brookes, J. (2013). Evaluating the
effectiveness of copper sulphate, chlorine, potassium permanganate,
hydrogen peroxide and ozone on cyanobacterial cell integrity. Water

research, 47(14), 5153-5164, doi: 10.1016/j.watres.2013.05.057

Ganf, G. G., & Oliver, R. L. (1982). Vertical separation of light and available
nutrients as a factor causing replacement of green algae by blue-
green algae in the plankton of a stratified lake. The Journal of
Ecology, 829-844, doi: 10.2307/2260107

Huang, |. Shuo and Paul V Zimba. 2020. "Hydrogen peroxide, an
ecofriendly remediation method for controlling Microcystis
aeruginosa toxic blooms.” Journal of Applied Phycology 32(5): 3133-
3142, doi: 10.1007/510811-020-02086-4

Jia, Y., Yang, Z., Su, W., Johnson, D., & Kong, F. (2014). Controlling of
cyanobacteria bloom during bottleneck stages of algal cycling in
shallow Lake Taihu (China). Journal of Freshwater Ecology, 29(1), 129-
140, doi: 10.1080/02705060.2013.844206

Kang, L., Mucci, M., & Lirling, M. (2022). Compounds to mitigate
cyanobacterial blooms affect growth and toxicity of Microcystis
aeruginosa. Harmful Algae, 118, 102311, doi: 10.1016/j.
hal.2022.102311

Koker, L., Akcaalan, R., Oguz, A., Gaygusuz, O., Gurevin, C., Akat Kose,
C., Glcver, S, Karaaslan, Y., Ertirk, A., Albay, M & Kinaci, C. (2017).
Distribution of toxic cyanobacteria and cyanotoxins in Turkish
waterbodies. Journal of environmental protection and ecology, 18(2),
425-432.

Koker, L., Oguz, A., Akgaalan, R., & Albay, M. (2022). Cyanobacterial
Diversity and the Presence of Microcystins in the Kiiciik Menderes
River Basin, Turkiye. Aquatic Sciences and Engineering, 37(3), 129-
139.

Litchman, E., & Klausmeier, C. A. (2008). Trait-based community ecology
of phytoplankton. Annual review of ecology, evolution, and
systematics, 39, 615-639. doi: 10.1146/annurev.
ecolsys.39.110707.173549

Liu, M., Shi, X., Chen, C., Yu, L., & Sun, C. (2017). Responses of Microcystis
colonies of different sizes to hydrogen peroxide stress. Toxins, 9(10),
306, doi: 10.3390/toxins2100306

Larling, M., Meng, D., & Faassen, E. J. (2014). Effects of hydrogen
peroxide and ultrasound on biomass reduction and toxin release in
the cyanobacterium, Microcystis aeruginosa. Toxins, 6(12), 3260-
3280.

Lusty, M. W., & Gobler, C. J. (2020). The Efficacy of Hydrogen Peroxide in
Mitigating Cyanobacterial Blooms and Altering Microbial
Communities across Four Lakes in NY. USA. Toxins 12, 428. doi:
10.3390/toxins12070428

Mantzouki, E., James Campbell, Emiel van Loon, Petra Visser, losif
Konstantinou, Maria Antoniou, Grégory Giuliani, Danielle Machado-
Vieira, Alinne Gurjio de Oliveira, Dubravka Spoljarié Maronié, Filip
Stevi¢, Tanja Zuna Pfeiffer, Itana Bokan Vucelié, Petar Zutinié, Marija
Gligora Udovi¢, Andelka Plenkovié-Moraj, Nikoletta Tsiarta, Ludék
Blédha, Rodan Geris, Markéta Frankova, Kirsten Seestern
Christoffersen, Trine Perlt Warming, Ténu Feldmann, Alo Laas, Kristel
Panksep, Lea Tuvikene, Kersti Kangro, Kerstin Haggqvist, Pauliina
Salmi, Lauri Arvola, Jutta Fastner, Dietmar Straile, Karl-Otto
Rothhaupt, Jeremy Fonvielle, Hans-Peter Grossart, Christos
Avagianos, Triantafyllos Kaloudis, Theodoros Triantis, Sevasti-Kiriaki
Zervou, Anastasia Hiskia, Spyros Gkelis, Manthos Panou, Valerie
McCarthy, Victor C. Perello, Ulrike Obertegger, Adriano Boscaini,
Giovanna Flaim, Nico Salmaso, Leonardo Cerasino, Judita
Koreiviene, Juraté Karosiené, Jiraté KasperoviCiené, Ksenija
Savadova, Irma Vitonyté, Sigrid Haande, Birger Skjelbred, Magdalena
Grabowska, Maciej Karpowicz, Damian Chmura, Lidia Nawrocka,
Justyna Kobos, Hanna Mazur-Marzec, Pablo Alcaraz-Parraga,
Elzbieta Wilk-Wozniak, Wojciech Krzton, Edward Walusiak, llona
Gagala, Joana Mankiewicz-Boczek, Magdalena Toporowska, Barbara
Pawlik-Skowronska, Michat NiedZzwiecki, Wojciech Peczuta, Agnieszka
Napidérkowska-Krzebietke, Julita Dunalska, Justyna Sieriska, Daniel
Szymariski, Marek Kruk, Agnieszka Budzyriska, Ryszard Goldyn, Anna

209



Aquat Sci Eng 2023; 38(4): 205-211
Koker, Ozbayram, Oguz, Akgaalan and Albay. Cyanocidal Effect of H,0, on the Bloom-Forming Microcystis aeruginosa and Sphaerospermopsis...

Kozak, Joanna Rosinska, Elzbieta Szelgg-Wasielewska, Piotr Domek,
Natalia Jakubowska-Krepska, Kinga Kwasizur, Beata Messyasz,
Aleksandra Petechata, Mariusz Petechaty, Mikolaj Kokocinski, Beata
Madrecka, Iwona Kostrzewska-Szlakowska, Magdalena Frak,
Agnieszka Bankowska-Sobczak, Michat Wasilewicz, Agnieszka
Ochocka, Agnieszka Pasztaleniec, lwona Jasser, Ana M. Antdo-
Geraldes, Manel Leira, Armand Hernandez, Vitor Vasconcelos, Jodo
Morais, Micaela Vale, Pedro M. Raposeiro, Vitor Gongalves, Boris
Aleksovski, Svetislav Krsti¢, Hana Nemova, Iveta Drastichova, Lucia
Chomova, Spela Remec-Rekar, Tina Elersek, Jordi Delgado-Martin,
David Garcia, Jose Luis Cereijo, Joan Goma, Mari Carmen Trapote,
Teresa Vegas-Vilarribia, Biel Obrador, Ana Garcia-Murcia, Monserrat
Real, Elvira Romans, Jordi Noguero-Ribes, David Parrefio Duque,
Elisabeth Fernandez-Moran, Barbara Ubeda, José Angel Gélvez,
Rafael Marcé, Nuria Catalan, Carmen Pérez-Martinez, Eloisa Ramos-
Rodriguez, Carmen Cillero-Castro, Enrique Moreno-Ostos, José
Maria Blanco, Valeriano Rodriguez, Jorge Juan Montes-Pérez,
Roberto L. Palomino, Estela Rodriguez-Pérez, Rafael Carballeira,
Antonio Camacho, Antonio Picazo, Carlos Rochera, Anna C.
Santamans, Carmen Ferriol, Susana Romo, Juan Miguel Soria, Lars-
Anders Hansson, Pablo Urrutia-Cordero, Arda Ozen, Andrea G.
Bravo, Moritz Buck, William Colom-Montero, Kristiina Mustonen,
Don Pierson, Yang Yang, Jolanda M. H. Verspagen, Lisette N. de
Senerpont Domis, Laura Seelen, Sven Teurlincx, Yvon Verstijnen,
Miquel Lirling, Valentini Maliaka, Elisabeth J. Faassen, Delphine
Latour, Cayelan C. Carey, Hans W. Paerl, Andrea Torokne, Tinay
Karan, Nilsun Demir, Meryem Beklioglu, Nur Filiz, Eti E. Levi, Ugur
Iskin, Gizem Bezirci, Ulki Nihan Tavsanoglu, Kemal Celik, Koray
Ozhan, Nusret Karakaya, Mehmet Ali Turan Koger, Mete Yilmaz,
Faruk Maraslioglu, Ozden Fakioglu, Elif Neyran Soylu, Meral Apaydin
Yagdci, Sakir Cinar, Kadir Capkin, Abdulkadir Yagci, Mehmet Cesur,
Fuat Bilgin, Cafer Bulut, Rahmi Uysal, Latife Kéker, Reyhan Akgaalan,
Meri¢ Albay, Mehmet Tahir Alp, Korhan Ozkan, Tugba Ongun
Sevindik, Hatice Tunca, Burcin Onem, Jessica Richardson, Christine
Edwards, Victoria Bergkemper, Sarah O'Leary, Eilish Beirne, Hannah
Cromie, and Bastiaan W. lbelings. 2018. “A European Multi Lake
Survey Dataset of Environmental Variables, Phytoplankton Pigments
and Cyanotoxins.” Scientific Data 5(1):180226. doi: 10.1038/
sdata.2018.226.

Mantzouki, E., Miquel Lurling, Jutta Fastner, Lisette de Senerpont Domis,
Elzbieta Wilk-Wozniak, Judita Koreiviené, Laura Seelen, Sven Teurlincx,
Yvon Verstijnen, Wojciech Krztor, Edward Walusiak, Jiraté Karosieng,
Juraté Kasperoviiené, Ksenija Savadova, Irma Vitonyté, Carmen
Cillero-Castro, Agnieszka Budzynska, Ryszard Goldyn, Anna Kozak,
Joanna Rosinska, Elzbieta Szelgg-Wasielewska, Piotr Domek, Natalia
Jakubowska-Krepska, Kinga Kwasizur, Beata Messyasz, Aleksandra
Petechata, Mariusz Petechaty, Mikolaj Kokocinski, Ana Garcia-Murcia,
Monserrat Real, Elvira Romans, Jordi Noguero-Ribes, David Parrefio
Duque, Elisabeth Ferndndez-Morén, Nusret Karakaya, Kerstin
Haggquist, Nilsun Demir, Meryem Beklioglu, Nur Filiz, Eti E. Levi, Ugur
Iskin, Gizem Bezirci, Ulkii Nihan Tavsanoglu, Koray Ozhan, Spyros
Gkelis, Manthos Panou, Ozden Fakioglu, Christos Avagianos,
Triantafyllos Kaloudis, Kemal Celik, Mete Yilmaz, Rafael Marcé, Nuria
Cataldn, Andrea G. Bravo, Moritz Buck, William Colom-Montero,
Kristiina Mustonen, Don Pierson, Yang Yang, Pedro M. Raposeiro, Vitor
Gongalves, Maria G. Antoniou, Nikoletta Tsiarta, Valerie McCarthy,
Victor C. Perello, Ténu Feldmann, Alo Laas, Kristel Panksep, Lea
Tuvikene, llona Gagala, Joana Mankiewicz-Boczek, Meral Apaydin
Yagci, Sakir Cinar, Kadir Capkin, Abdulkadir Yagci, Mehmet Cesur, Fuat
Bilgin, Cafer Bulut, Rahmi Uysal, Ulrike Obertegger, Adriano Boscaini,
Giovanna Flaim, Nico Salmaso, Leonardo Cerasino, Jessica Richardson,
Petra M. Visser, Jolanda M. H. Verspagen, Tinay Karan, Elif Neyran
Soylu, Faruk Maraglioglu, Agnieszka Napiorkowska-Krzebietke,
Agnieszka Ochocka, Agnieszka Pasztaleniec, Ana M. Antdo-Geraldes,

Vitor Vasconcelos, Jodo Morais, Micaela Vale, Latife Koker, Reyhan
Akcaalan, Meric Albay, Dubravka Spoljarié Maronié, Filip Stevié, Tanja
Zuna Pfeiffer, Jeremy Fonvielle, Dietmar Straile, Karl Otto Rothhaupt,
Lars Anders Hansson, Pablo Urrutia-Cordero, Ludék Blédha, Rodan
Geri$, Markéta Frankova, Mehmet Ali Turan Kocer, Mehmet Tahir Alp,
Spela Remec-Rekar, Tina Elersek, Theodoros Triantis, Sevasti Kiriaki
Zervou, Anastasia Hiskia, Sigrid Haande, Birger Skjelbred, Beata
Madrecka, Hana Nemova, Iveta Drastichova, Lucia Chomova, Christine
Edwards, Tugba Ongun Sevindik, Hatice Tunca, Burgin Onem, Boris
Aleksovski, Svetislav Krsti¢, Itana Bokan Vuceli¢, Lidia Nawrocka,
Pauliina Salmi, Danielle Machado-Vieira, Alinne Gurjdo De Oliveira,
Jordi Delgado-Martin, David Garcia, Jose Luis Cereijo, Joan Goma,
Mari Carmen Trapote, Teresa Vegas-Vilarrdbia, Biel Obrador,
Magdalena Grabowska, Maciej Karpowicz, Damian Chmura, Barbara
Ubeda, José Angel Galvez, Arda Ozen, Kirsten Seestern Christoffersen,
Trine Perlt Warming, Justyna Kobos, Hanna Mazur-Marzec, Carmen
Pérez-Martinez, Eloisa Ramos-Rodriguez, Lauri Arvola, Pablo Alcaraz-
Péarraga, Magdalena Toporowska, Barbara Pawlik-Skowronska, Michat
Niedzwiecki, Wojciech Peczuta, Manel Leira, Armand Hernandez,
Enrique Moreno-Ostos, José Maria Blanco, Valeriano Rodriguez,
Jorge Juan Montes-Pérez, Roberto L. Palomino, Estela Rodriguez-
Pérez, Rafael Carballeira, Antonio Camacho, Antonio Picazo, Carlos
Rochera, Anna C. Santamans, Carmen Ferriol, Susana Romo, Juan
Miguel Soria, Julita Dunalska, Justyna Siefska, Daniel Szymanski,
Marek Kruk, Iwona Kostrzewska-Szlakowska, Iwona Jasser, Petar
Zutinié, Marija Gligora Udovi¢, Anelka Plenkovié-Moraj, Magdalena
Frak, Agnieszka Barikowska-Sobczak, Michat Wasilewicz, Korhan
Ozkan, Valentini Maliaka, Kersti Kangro, Hans Peter Grossart, Hans W.
Paerl, Cayelan C. Carey, and Bas W. Ibelings. 2018. "Temperature
Effects Explain Continental Scale Distribution of Cyanobacterial
Toxins.” Toxins 10(4):1-24. doi: 10.3390/toxins10040156

Mantzouki, E., Visser, P. M., Bormans, M., & lbelings, B. W. (2016).
Understanding the key ecological traits of cyanobacteria as a basis
for their management and control in changing lakes. Aquatic
ecology, 50, 333-350, doi: 10.1007/510452-015-9526-3

Matthijs, H. C., Jan€ula, D., Visser, P. M., & Marsalek, B. (2016). Existing
and emerging cyanocidal compounds: new perspectives for
cyanobacterial bloom mitigation. Aquatic ecology, 50, 443-460, doi:
10.1007/s10452-016-9577-0

Matthijs, H. C., Visser, P. M., Reeze, B., Meeuse, J., Slot, P. C., Wijn,
G.,Talens, R. & Huisman, J. (2012). Selective suppression of harmful
cyanobacteria in an entire lake with hydrogen peroxide. Water
research, 46(5), 1460-1472, doi: 10.1016/j.watres.2011.11.016

Paerl, Hans W., & Jef Huisman. (2009). Climate Change: A Catalyst for
Global Expansion of Harmful Cyanobacterial Blooms. Environmental
Microbiology Reports1(1):27-37,doi: 10.1111/j.1758-2229.2008.00004 .x

Piel, T., Sandrini, G., White, E., Xu, T., Schuurmans, J. M., Huisman, J., &
Visser, P. M. (2019). Suppressing cyanobacteria with hydrogen
peroxide is more effective at high light intensities. Toxins, 12(1), 18,
doi: 10.3390/toxins12010018

Sandrini, G., Piel, T., Xu, T., White, E., Qin, H., Slot, P. C., .Huisman, J., &
Visser, P. M. (2020). Sensitivity to hydrogen peroxide of the bloom-
forming cyanobacterium Microcystis PCC 7806 depends on nutrient
availability.  Harmful Algae, 99, 101916, doi: 10.1016/].
hal.2020.101916

Schuurmans, J. M., Brinkmann, B. W., Makower, A. K., Dittmann, E.,
Huisman, J., & Matthijs, H. C. (2018). Microcystin interferes with
defense againsthigh oxidative stressinharmful cyanobacteria. Harmful
Algae, 78, 47-55, doi: 10.1016/j.hal.2018.07.008

Svir€ev, Z., Lali¢, D., Bojadzija Savi€, G., Tokodi, N., Drobac Backovi¢, D.,
Chen, L., Meriluoto, J., & Codd, G. A. (2019). Global geographical
and historical overview of cyanotoxin distribution and cyanobacterial
poisonings. Archives of toxicology, 93, 2429-2481, doi: 10.1007/
s00204-019-02524-4

210



Aquat Sci Eng 2023; 38(4): 205-211
Koker, Ozbayram, Oguz, Akgaalan and Albay. Cyanocidal Effect of H,0, on the Bloom-Forming Microcystis aeruginosa and Sphaerospermopsis...

Utermohl  H. (1958). Zur vervollkommnung der quantitativen
phytoplankton-methodik: Mit 1 Tabelle und 15 abbildungen im Text
und auf 1 Tafel. Internationale Vereinigung fir Theoretische und
Angewandte Limnologie: Mitteilungen 9: 1-38.

Westrick, J. A., Szlag, D. C., Southwell, B. J., & Sinclair, J. (2010). A review
of cyanobacteria and cyanotoxins removal/inactivation in drinking
water treatment. Analytical and bioanalytical chemistry, 397, 1705-
1714, doi: 10.1007/500216-010-3709-5

Yang, Z., Buley, R. P, Fernandez-Figueroa, E. G., Barros, M. U., Rajendran,
S., & Wilson, A. E. (2018). Hydrogen peroxide treatment promotes
chlorophytes over toxic cyanobacteria in a hyper-eutrophic
aquaculture pond. Environmental Pollution, 240, 590-598, doi:
10.1016/j.envpol.2018.05.012

211



T I STANBUL EISSN 2602-473X
: % UNIVERSITY
T PRESS AQUATIC SCIENCES AND ENGINEERING

Aquat Sci Eng 2023; 38(4): 212-221 * DOI: https://doi.org/10.26650/ASE20231282270

Research Article

Fish and Shellfish Diversity of Malam Beel, Bangladesh: Status, Trends,
and Management Strategies

Mst. Jannatul Ferdous’

Mohd Golam Quader Khan*

, Mst. Armina Sultana?

, Rasel Mia2®, Debasish Pandit® ©,
, Md. Samsul Alam*

Cite this article as: Ferdous, M.J., Sultana, M.A., Mia, R., Pandit, D., Khan, M.G.Q., M.S.A. (2023). Fish and shellfish diversity of malam beel,
bangladesh: status, trends, and management strategies. Aquatic Sciences and Engineering, 38(4), 212-221. DOI: https://doi.org/10.26650/

ASE20231282270

ORCID IDs of the author:

M.J.F. 0000-0001-9562-1851;
M.A.S. 0000-0001-6787-6806;
R.M. 0000-0001-9018-9326;

D.P. 0000-0002-5228-2201;
M.G.Q.K. 0000-0002-9421-5269;
M.S.A. 0000-0003-0476-1766

"Department of Fish Biology and
Genetics, Faculty of Fisheries, Sylhet
Agricultural University, Bangladesh

?Department of Aquatic Resource
Management, Faculty of Fisheries, Sylhet
Agricultural University, Bangladesh

3Department of Oceanography, Khulna
Agricultural University, Bangladesh

“Department of Fisheries Biology and
Genetics, Bangladesh Agricultural
University, Bangladesh

Submitted:
28.06.2023

Revision Requested:
08.08.2023

Last Revision Received:
15.08.2023

Accepted:
24.08.2023

Online Published:
18.09.2023

Correspondence:

Mst. Armina Sultana
E-mail:
armina.arm@sau.ac.bd

ABSTRACT

Most of the waterbodies in Bangladesh's north-eastern haor basin have seen a gradual decline in
their biodiversity, but little study has been done to determine their current condition. To address
this issue, this research was conducted in the Malam beel under the Hakaluki haor — one of the
largest wetland resources of the country. The study was conducted using a pre-tested question-
naire and a direct catch assessment survey in the beel. From 11 orders and 32 families, a total of 69
fish and shellfish species were identified. Of the species documented, 15.94% were classified as
abundant, 39.13% were common, 27.54% were moderately available, and 17.39% were rare. Among
the orders, Cypriniformes accounted for 37.68% of the total fish recorded. The most prevalent
family was Cyprinidae found in Malam beel. Based on the findings, it can be concluded that Malam
beelis a highly valuable inland open water body that has the potential to function as a key source
of fishery resources as well as a gene bank for various fish species. However, some manmade and
natural threats such as fishing by dewatering, brush pile fishing, illegal/destructive fishing and silt-
ation were identified during the present study. Therefore, to ensure the sustainable maintenance
of these water bodies, ecosystem-based fisheries management involving the local community is
strongly advised.

Keywords: Biodiversity, threats, conservation, management

INTRODUCTION freshwater fish species (DoF, 2018; Khan et al.,
2018). In terms of inland open water capture
production, Bangladesh secured the third posi-
tion globally. The most popular animal source
food in Bangladesh is fish, which is consumed

at an average rate of 14 kg per year across all

Fisheries and aquaculture are of paramount im-
portance for ensuring global food security.
These sectors are instrumental in supplying es-
sential animal protein to billions of individuals

across the globe, while also serving as a source
of livelihood for 10-12% of the world's popula-
tion (FAO, 2012). Bangladesh is rich in Inland
and marine fisheries that make up the country’s
diverse fisheries resources. Bangladesh boasts
abundant water resources, which host a diverse
array of aquatic ecosystems that serve as habi-
tats for a wide variety of species of fish (Sultana
et al.,, 2016; Islam & Sultana, 2016). The biodi-
versity is extremely abundant, with about 260

societal categories, meeting up to 60% of the
country’s demand for animal protein (FAO,
2022; DoF, 2018; Khan et al., 2018). Following
China and India, Bangladesh is the third-ranked
country in Asia for its diverse range of aquatic
fish species. The country is home to around 800
species that can be found in freshwater, marine
water, and brackish waters (Shamsuzzaman et
al., 2017). However, a notable downward trend
of fish diversity within Bangladesh'’s freshwater
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resources has become evident, with many freshwater species ex-
periencing decreasing population trends (Hanif et al., 2015; Ka-
mal et al., 2022; Das et al., 2022). About a quarter of these spe-
cies are categorized as threatened, with 25 vulnerable, 30 endan-
gered, and 9 severely endangered species. Also, 27 species
have been listed as being near threatened (IUCN Bangladesh,
2015).

The term 'beel,” which originates from the Bengali language,
pertains to a substantial surface water body that is equipped with
internal drainage channels for the purpose of collecting surface
runoff water (Banglapedia, 2021; Kunda et al., 2022). Bangladesh
has thousands of beels, and indigenous fishes used the beel as a
natural habitat for food and shelter (Rahman et al., 2019). Malam
beel is an important beel in the Hakaluki haor. It is 45 km away
from Kulaura bazar. During the monsoon season, the beel is
flooded yet remains dry for over six months. It is home to differ-
ent fauna and flora. Moreover, the beel serves as a source of live-
lihood for thousands of people, providing them with income as
well as food, fuelwood, recreational opportunities, and aesthetic
benefits.

However, several human interventions, including the building of
drainage systems, sluice gates, and flood control embankments,
as well as the conversion of waterlogged area to cropland, have
led to a reduction in the water area of the beel ecosystems,
thereby posing a severe threat to aquatic life. Additionally, the
careless application of herbicides is also contributing to the deg-
radation of the beel ecosystem. Pollution from household, indus-
trial, and agrochemical wastes, as well as mining runoff, has re-
sulted in the demise of many aquatic organisms (Chakraborty,
2011; Pandit et al., 2023). Physicochemical characteristics, climat-
ic parameters, industrial pollutants, municipal wastes, agricultur-
al run-off, and irregular floods are all contributing to the decline
of biodiversity in the Malam beel. Therefore, it is essential to im-
plement practical management measures to enhance the biodi-
versity status of the beel, upon which local communities depend.
However, to devise effective management strategies, under-
standing the current situation, patterns, and dangers to the
aquatic biodiversity of the beel is essential. Due to a scarcity of
existing research in this area, our study endeavors to fulfill a vital
purpose. Specifically, our investigation aims to evaluate the cur-
rent state of aquatic biodiversity within Malam beel. By identify-
ing discernible trends and potential threats, we seek to contrib-
ute to a comprehensive understanding of this vital water body.
Furthermore, our study strives to generate comprehensive
guidelines that facilitate effective management strategies for
sustaining the ecological balance of the Malam beel.

MATERIALS AND METHODS

Study site and duration

The study was conducted in the Malam beel which is a notable
beel of Hakaluki haor (Figure 1), is situated 45 km away from Ku-
laura bazar. The total area of the Malam beel is around 400 acres
during the rainy season and 70 acres in the dry season. A geo-
graphically suitable coverage that would include a range of fish
biodiversity was one of the main selection factors for the study
area, as well as the involvement of local fishers who rely on the

beel for their livelihood. Four villages were selected for interview
surrounding the beel named Borni, Khutaura, Kazirbond and Go-
lapnagar. The research was done over a span of six months, from
October 2017 to March 2018. But the catch assessment of fish
was done only in the dry season (December, January, and Febru-
ary). Fishing in the Malam beel is exclusively conducted during
the dry season. In the rainy season, the beel becomes sub-
merged underwater, rendering fishing activities impractical
during that period.
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Figure 1. Malam beel.

Data collection methods

In this study, 80 fishers, 10 aratdars (fish trader), and 10 fish retail-
ers from four chosen villages made up the total for the question-
naire interviews (Qls). Four focus group discussions (FGDs) were
conducted in these villages, with participants from different age
groups of fishers. Following the collection of data through FGDs
and Qls, key informant interviews (Klls) were conducted with ex-
perienced fishers, Upazila Fisheries Officers (UFO), District Fish-
eries Officers (DFO), community leaders, and NGO personnel.

Collection of fish samples

Fish and shellfish samples were taken during the catch from pre-
viously known fishers and local fish landing sites at 15 day inter-
vals throughout the study period. In the study region, local fish-
ers employ a variety of fishing equipment, such as seine nets, gill
nets, lift nets, hooks, and traps. Each of these methods is de-
signed to capture specific species and sizes of fish, and their effi-
ciency varies, as outlined in Kundu et al.’s (2020) study. The sam-
pling methods used in data collection were consistent in the dry
season.

Identification of the collected fish samples

Based on their distinctive morphological traits, the collected fish
and shellfish were divided into distinct categories. If a species
proved challenging to identify during fieldwork, it was preserved
in a buffered formalin solution of 10% and later transported to
the Fisheries Biology and Genetics laboratory at Bangladesh Ag-
ricultural University for in-depth examination. The process of
identification encompassed analyzing the specimens’ morpho-
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metric and meristic traits, as well as their coloration. The taxo-
nomic evaluation adhered to the methods detailed by Rahman
(2005), Talwar & Jhingran (1991), and IUCN Bangladesh (2015),
while the classification of fish species aligned with the system es-
tablished by Nelson (2006).

Determination of availability status

The fish and shellfish were identified in terms of the respondent’s
opinion, their frequency of occurrence and finally, categorized
into four classes based on their availability status (Pandit et al.,
2020,2021). The categories were defined as: abundantly avail-
able (AA) - species consistently observed year-round, repeating
over 75% of the time; commonly available (CA) - species fre-
quently seen but in smaller quantities, repeating 51-75% of the
time; moderately available (MA) - species encountered occasion-
ally, with a repetition rate ranging from 26 to 50%; and rarely
available (RA) - species observed infrequently, repeating in small
amounts at a repetition rate equal to or less than 25% (Pandit et
al., 2020,2021; Kamal et al., 2022; Kunda et al., 2022).

Statistical analysis

The gathered data underwent input, preprocessing, and analysis
using V25.0 of the Statistical Package for the Social Sciences
(SPSS) software. A map of the study area was crafted by integrat-
ing ArcGIS 10.0 software with the assistance of a global position-
ing system (GPS).

RESULTS AND DISCUSSION

Fish and shellfish diversity status

In Malam beel, 69 species of fauna were identified, including 67
species of finfish and 2 species of prawns, which belonged to 11
different orders and 32 families (Table 2). Although there were no
previous studies on fish and shellfish diversity in this beel for
comparison, the current study provides a baseline for future fish
assemblage assessments. Previous studies on fish diversity and
richness in the surrounding areas supported the findings of this
study. Numerous studies have examined fish species diversity in
various water bodies across Bangladesh (Table 1).

The study’s findings revealed a distribution of fish and shellfish
species availability as follows: 15.94% were abundantly available,
39.13% were commonly available, 27.54% were moderately avail-
able, and 17.39% were rarely available. Respondents attributed

this pattern to a diminishing fish biodiversity. Kamal et al. (2022)
mirrored this trend in Kawadighi haor, with 18% abundantly avail-
able, 20% commonly available, 42% moderately available, and
20% rarely available species. Parallel results have emerged from
studies focused on fish diversity in river and haor ecosystems. For
instance, Pandit et al. (2020) found that the Gurukchi River dis-
played a predominance of rarely available fish species (29.82%),
followed by commonly available (28.07%), moderately available
(22.81%), and abundantly available (19.30%). Similarly, Pandit et
al. (2021) documented 17.4% abundantly available, 27.5% com-
monly available, 31.9% moderately available, and 23.1% rarely
available fish species in the Dhanu River and its surrounding haor
ecosystems. These collective findings highlight the consistent
distribution of fish species across different water bodies within
the region.

Cypriniformes, Siluriformes, and Anabantiformes were discovered
to be the most prominent orders among the eleven recognized or-
ders, contributing for 37.68%, 23.19%, and 11.59% of the total fish
population in Malam beel, respectively (Figure 3). Other eight or-
ders were constituted by Perciformes, Synbranchiformes, Clupei-
formes, Osteoglossiformes, Beloniformes, Decapoda, Tetraodon-
tiformes, and Cyprinodontiformes. Many studies have consistently
shown that Siluriformes and Cypriniformes are the most common
orders in Bangladesh (Rahman, 2005; Igbal et al., 2015; Hossain et
al., 2016; Mondol et al., 2015; Sultana et al., 2018, 2019; Debnath et
al., 2020; Talukder et al., 2021), which is like the current study. Sulta-

Rarely Abundantly
available, 17,39 available, 15,94 (%0)
(%0)

Moderately
available, 27,54 (%) Commonly
available, 39,13
(%)

Figure 2. Pie chart for percentage of availability status of fish
and shellfish species in Malam beel.

Table 1. Comparison of fish and shellfish diversity with other studies.

SI. No. Study Area Order Family No. of Species References

1 Malam beel 1 32 69 Present Study

2 Hakaluki haor 10 28 83 Igbal et al. 2015

3 Hakaluki haor 12 27 63 Aziz et al. 2021

4 Bhawal beel 10 23 56 Sultana et al. 2019
5 Chalan beel 10 26 78 Siddigue et al. 2016
6 Basurabad beel 6 - 33 Rahman et al. 2019
7 Banar River 10 24 62 Sultana et al. 2018
8 Juri River - 25 75 Islam et al. 2019

9 Basuakhali beel, 10 21 38 Rahman et al. 2019
10 Shari-Goyain River 9 27 66 Talukder et al. 2021
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na et al. (2019) revealed the order-based percentage analysis of the
existing aquatic fauna from Bhawal beel and found as Cypriniformes
(33.93%), Siluriformes (21.43%) and Perciformes (19.65%).

In Malam beel, the prevailing family was identified as Cyprinidae,
contributing to 23.19% of the overall fish diversity (Figure 3b).
While smaller proportions were attributed to families like Bagri-
dae, Anabantidae, and others, their presence was observed.
These outcomes parallel the conclusions drawn from earlier in-
vestigations by Sultana et al. (2019) on Bhawal beel and Islam et
al. (2019) on Juri River, both of which underscored the dominance
of Cyprinidae as the primary family in terms of fish population.

According to IUCN Bangladesh (2015), 21.74% of the identified
fish and shellfish in Malam beel were classified as endangered,
while 18.84% were near threatened (Figure 3c). However, most of
the fish populations (55%) were categorized as least concern
(LC). When considering the global [IUCN status, most fish species
in Malam beel were categorized as least concern (LC), constitut-
ing 73.90% of the total. Following this, near threatened (NT),
data deficient (DD), and not evaluated (NE) species accounted
for 8.70% each (IUCN Bangladesh, 2015).

The investigation unveiled that within Malam beel, there existed
a collective of 15 fish species categorized as threatened. Among
these, 6 were deemed vulnerable, 7 as endangered, and 2 as crit-
ically endangered, as per the IUCN Bangladesh (2015) classifica-
tion (Figure 6). In comparison, previous studies conducted in

o 5 10 15 2 2
Percentage (%)

Hakaluki Haor and Bhawal beel identified 41 and 13 threatened
species, respectively, with varying levels of vulnerability. Similarly,
the Juri River study found 19 threatened species, with 10 being
vulnerable, 8 endangered, and 1 critically endangered, which
aligns with the present study’s findings.

Threats to fish biodiversity of Malam beel

The fish and shellfish species diversity of Malam beel is affected
by both natural and anthropogenic factors. The major threats
identified by respondents were overfishing, fishing by dewater-
ing, and brush pile fishing, which were reported by 85%, 77.5%,
and 72.5% of the respondents, respectively. Additionally, the
use of illegal/destructive fishing equipment, the unregulated
use of insecticides, pesticides and chemical fertilizers on agri-
cultural lands, siltation and sedimentation, and water abstrac-
tion for irrigation were identified as factors affecting fish biodi-
versity, with 65%, 56.25%, 51.25%, and 47.5% of respondents re-
porting these as issues. The conversion of beel to agricultural
fields and habitat loss due to siltation were also mentioned. Cli-
mate change was identified as a natural cause of impact on the
beel's biodiversity due to changes in water temperature and ex-
treme rainfall events. The lack of awareness and fishing by poor
and illiterate individuals were also mentioned as contributing
factors. Furthermore, Oreochromis mossambicus, Hypophthal-
michthys molitrix, and Ctenopharyngodon idella are non-native
fish species that have been introduced to various aquatic envi-
ronments for different purposes. While they are not traditional-
ly considered invasive species in the sense of causing signifi-
cant harm to native ecosystems in Bangladesh. These findings
highlight the urgent need to take measures to address the
identified threats to fish biodiversity in Malam beel. Details
shown in Table 3.

The decrease in fish and shellfish abundance observed in Haka-
luki haor in northeast Bangladesh can be attributed to several
factors such as the drying up of beels, flooding, siltation, over-
fishing, use of harmful fishing tools, temperature fluctuations,
and the use of inorganic fertilizers to catch fish. Similar trends

Table 3. Threats to fish biodiversity of Malam beel.

Figure 3. Recorded fish and shellfish species distribution
according to their (a) orders, (b) families and (c)
conservation status.
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Figure 4. Threatened fish species found in Malam beel.

Factors affecting fish biodiversity FEEEEge @

respondents
Overfishing 85.0%
Fishing by dewatering 77.5%
Brush pile fishing 72.5%
Use of illegal/destructive fishing gears 65.0%
Unregulated application of pesticides, 56.25%
insecticides, chemical fertilizers on agri-
cultural lands.
Siltation and sedimentation 51.25%
Water abstraction for irrigation 47.5%
Climate change (altered pattern in tem- 31.25%
perature and rainfall)
Construction of developmental infra- 26.25%
structure
Water pollution 10.0%
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have been identified as catalysts for the decline in biodiversity in
various other investigations conducted by Rahman et al. (2019),
Sultana et al. (2019), Das et al. (2022), Tasnim et al. (2022), and
Sultana et al. (2022). Additionally, the conversion of beel fringes
into agricultural fields remains an ongoing process in the region.
Overfishing stands out as a prominent contributor to the decline
in fisheries, while the application of pesticides, known for their
high toxicity, poses a substantial threat to aquatic organisms, im-
pacting the integrity and function of ecosystems (Parveen and
Faisal, 2002). The sedimentation of water bodies also emerges as
a significant factor contributing to the deterioration and degra-
dation of aquatic ecosystems (Craig et al., 2004). In the context of
Kawadighi haor, crucial drivers that have led to a reduction in
species diversity within the beel encompass dewatering, over-
fishing, the usage of destructive fishing equipment, intensified
agricultural activities, road and embankment construction, pesti-
cide utilization, sediment deposition, barrage establishment, im-
proper fish farming, and drought (Kamal et al., 2022).

Management options

Preventing overfishing, illegal fishing equipment usage, and the
destruction of fish eggs and seeds through illegal fishing meth-
ods and tools is crucial. Enforcing minimum mesh size require-
ments for various gears will help accomplish this and prohibiting
the use of monofilament nets.

The unregulated building of bridges, culverts, sluice gates, and
flood control embankments has disrupted the natural migration
patterns of fish during their spawning, breeding, and feeding ac-
tivities. To counteract the adverse effects on fishery resources, it
has become imperative to establish and uphold fish-friendly mi-
gration pathways.

To safeguard fish biodiversity, it is essential to prevent the com-
plete draining of beels, and the withdrawal of water from beels
for irrigation in the dry season should be managed or discour-
aged. To ensure a minimum water depth in the beel, the ex-
traction of water needs to be regulated.

It is important to limit the widespread use of inorganic fertilizers
and insecticides through integrated pest management pro-
grammes.

To keep a sustainable year-round production, stock enhance-
ment programs should be implemented. Species like thai sar-
punti, silver carp, common carp, catla, mrigal, kalibaus, and rui
can be introduced in the beel.

Fish sanctuaries should be established, and brush pile fishing
should be stopped to conserve the existing fish species for sus-
tainable fish production.

Existing fisheries rules and regulations should be strictly en-
forced.

To achieve sustainable management of the beel ecosystem, it is
vital to formulate ecosystem-based management strategies that
engage various stakeholders, such as researchers, policymakers,
resource managers, governmental bodies, and non-governmen-
tal organizations. These strategies should focus on balancing the

ecological, economic, and social aspects of the beel's manage-
ment while preserving its biodiversity and ecosystem functions.
These plans ought to focus on increasing production, sustainably
preserving biodiversity, and enhancing local fishermen’s in-
comes. Further research is necessary in this area to enhance bio-
diversity, production patterns, and conserve resources.

CONCLUSION

The study conducted in Malam beel, nestled within the expan-
sive Hakaluki Haor, addresses the lack of understanding about
the current state of aquatic biodiversity. Across eleven orders
and 32 families, the research meticulously recorded 69 distinct
fish and prawn species. Notably, Cypriniformes emerged as a
key contributor, constituting 37.68% of the total fish population,
with Cyprinidae being the dominant family. This study shines a
spotlight on the remarkable potential of Malam Beel as a valu-
able inland water body. It holds promise as a critical fishery re-
source and a repository for preserving genetic diversity. Amidst
this promise, the study also uncovers threats, from human-in-
duced activities like dewatering and destructive fishing to natu-
ral processes such as siltation, posing significant challenges to
the ecosystem’s sustainability. These findings underscore the
call for ecosystem-based fisheries management that actively in-
volves local communities. The importance of conserving di-
verse fish populations has become evident. Balancing the avail-
ability of resources with conservation emerges as a vital consid-
eration, necessitating comprehensive and adaptable manage-
ment strategies. By embracing an ecosystem-based approach,
we can harness the potential of these water bodies while safe-
guarding their vitality for the well-being of current and future
generations.
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ABSTRACT

Sturgeon conservation is a global issue, with wild sturgeon amounts dropping rapidly and continu-
ously. This article explores the essential role that aquaculture plays in the conservation of these criti-
cally endangered fish, the replenishing of the natural population, fulfilling the expanding demand
and possibilities for caviar markets, and reducing pressure on fisheries’ catch. It also reviews the his-
tory of controlled breeding programs designed to supplement wild Caspian Sea populations, the
possibilities for sturgeon aquaculture production, and the worldwide caviar trade industry in the
coming years. Globally, the successful and profitable expansion of captive sturgeon farming over the
last three decades has fulfilled the consumer market's demand for caviar and meat, resulting in a
considerable decline in the global caviar price. Given the presence of successful sturgeon farming in
the Arabian Gulf region (Saudi Arabia and the United Arab Emirates), the prospect of introducing the
sturgeon farming industry in Egypt is underlined. In comparison to other nations in the region, Egypt
has excellent prospects for establishing such an aquaculture business, as Egypt's aquaculture sector
is by far the largest in Africa and the sixth largest internationally. Furthermore, the availability of qual-
ified workers, the diversity of water sources, and Egypt's moderate climate and environment increase
the likelihood of successful sturgeon farming.

Keywords: Sturgeon, aquaculture techniques, fishery conservation, replenishment, caviar, Egypt

INTRODUCTION tonnes of aquatic animals and 35.1 million
tonnes of phytoplankton worth a total of USD$
281.5 billion (FAO, 2022). Furthermore, aqua-

culture plays an important role in the conserva-

The aquaculture industry plays a crucial role by
providing nearly half of the animal protein re-
quired globally (Abdel-Rahim et al., 2023; Sha-
hin et al., 2023), and doubling per capita human
consumption from 9.9 kg in the 1960s to more
than 20.2 kg in 2020 (FAO, 2022). In 2020, glob-
al fisheries and aquaculture yielded 214 million
tonnes, including 178 million tonnes from
aquatic animals and 36 million tonnes from

tion of endangered species like sturgeon by al-
lowing breeders to raise them outside of their
natural habitats (Vasilyeva, Elhetawy, Sudakova,
& Astafyeva, 2019). Sturgeon farming is a rela-
tively new sector of aquaculture that is currently
of great interest, as farmed sturgeon is the

phytoplankton, an increase of 3% over the pre-
vious record set in 2018 (FAO, 2022). Aquacul-
ture's share of global production in 2020 was
122.6 million tonnes, composed of 87.5 million

world's main provider of caviar in light of the
dramatic decline in sturgeon fisheries and the
rising demand for caviar worldwide (Bronzi &
Rosenthal, 2014).

222


https://orcid.org/0000-0003-2784-1777

https://orcid.org/0000-0002-4927-2088

https://orcid.org/0000-0002-7916-3720

https://orcid.org/0000-0003-2527-4780

Aquat Sci Eng 2023; 38(4): 222-231
Elhetawy, Vasilyeva, Sudakova and Abdel-Rahim. Opportunities for Sturgeon Farming in Egypt

Acipenseriformes are a unique group of ancient aquatic animals
that first appeared between 200 and 250 million years ago; today,
they are the most primitive class of endangered vertebrates on
Earth (Vasilyeva et al., 2019; Chandra & Fopp-Bayat, 2021). Two
families, Acipenseridae (sturgeon) and Polyodontidae (paddle-
fish), are included in the order of Acipenseriformes. The family of
Acipenseridae includes 4 genera, namely Acipenser, Huso, Pseu-
doscaphirhynchus, and Scaphirhynchus (Billard & Lecointre,
2001). In general, sturgeons dwelt in Northern Hemisphere reser-
voirs above the 30th parallel, including the Pacific, Atlantic, Med-
iterranean, and Black Seas, as well as rivers, lakes, and inland
seas (Chandra & Fopp-Bayat, 2021). Historically, the wild stur-
geon population had significant value because it supplied the
world market with sturgeon products for many years before dras-
tic fluctuations occurred in all major species. In 1977, the highest
yield (32078 tonnes) of wild sturgeon was recorded (Bronzi et al.,
2011). In the late 1980s, approximately 24000-26000 tonnes of
Beluga (Huso huso), Russian sturgeon (Acipenser gueldenstaed-
tii), and stellate sturgeon (Acipenser stellatus) were captured an-
nually in the Volga-Caspian region, which accounted for over
90% of the world’s sturgeon production (Kokoza, 2004). However,
subsequent FAO statistics on caviar removal from the Caspian
Sea indicated that it was 2.1 tonnes in 2013, compared to 261
tonnes in 1992 (FAO, 2014).

In the majority of the last century, natural sturgeon populations
have settled in the basins of the Sea of Azov, the Black Sea, and
the Caspian Sea, with around 90% of global stocks concentrated
in the Caspian Sea (Vasilyeva et al., 2019). Since the late 1980s, nat-
ural sturgeon populations have experienced a dramatic decline
due to severe habitat degradation and overexploitation of both
wild and artificially produced individuals for caviar production
(Vasilyeva et al., 2019; Chandra & Fopp-Bayat, 2021: Brevé et al.,
2022). During the period from 1985 to 2005, the sturgeon fishery
was severely depleted due to a variety of factors. Politically, the
collapse of the Soviet Union was accompanied by a sharp decline
in the otherwise stringent enforcement measures governing this
lucrative fishery; concurrently, the economic and social difficulties
that coincided with this disintegration encouraged massive over-
fishing. In addition, fragmentation of the river (damming) and pol-
lution exacerbated the environmental stress on the declining
stocks. Moreover, the previous extensive stocking programs have
decreased to their lowest level ever (Vasilyeva et al., 2019). Conse-
quently, a four-fold decrease was observed in the number of wild
sturgeon fish between 1992 and 1995, as experts confirmed that
sturgeon numbers in the Caspian Sea decreased from 200 million
to 50 million pieces and continued to decline, reaching a reduc-
tion of 90% in 2005 (Vasilyeva et al., 2019). At present, according to
the International Union for Conservation of Nature and Natural
Resources (IUCN), four Acipenseriformes species are now extinct,
and 85% of the remaining 23 species are highly endangered (GAIN
Report, 2014; WWF, 2017; Brevé et al., 2022).

As wild sturgeon numbers continued to decline sharply after the
collapse of the Soviet Union, caviar production from sturgeon
fisheries has reached zero, according to CITES quotas. This sharp
fall in the number of sturgeons in nature coincided with rising
global market demand for sturgeon products (meat and caviar),

resulting in the emergence of sturgeon aquaculture, primarily for
caviar production. The countries where sturgeon farming origi-
nated are those where sturgeon is naturally prevalent, such as
Russia and Iran, along with members of the European Union and
the USA, and sturgeon aquaculture is now prevalent in all six
continents (Bronzi et al., 2019). The purpose of this work is to
highlight the critical role that aquaculture plays in preventing the
extinction of these unique fish, to examine the global expansion
of sturgeon farming, to indicate the state of sturgeon fisheries re-
newal, and to provide a glimpse into opportunities for sturgeon
aquaculture in Egypt.

Initiation of sturgeon aquaculture

Historically, sturgeons are ancient aquatic animals that live in lit-
toral and inland waters and produce caviar, which is a gastro-
nomic subtlety and is one of the most expensive products pro-
duced by wild animals for people all over the world; it is the un-
fertilized roe of sturgeon and paddlefish. Earlier, the world pro-
duction of sturgeon products was sourced from sturgeon fishery,
and caviar was produced only in the “river” and the coastal ar-
eas, particularly in Russia and the Caspian zone. However, with
the subsequent dramatic declines in many sturgeon populations
in the wild, scientists have undertaken attempts to breed and
cultivate sturgeon in captivity, principally for caviar production.
The history of sturgeon aquaculture dates back to 1869 when
Russian academician Fyodor Ovsyannikov successfully conduct-
ed trials on artificial impregnation of sterlet caviar, and then this
branch flourished during the subsequent period of the Soviet
Union time. Within the years 1869-1915, Soviet scientists estab-
lished the scientific foundation for controlled fertilization of stur-
geon bleaching, as well as the development of progeny. In 1941,
for the first time under controlled conditions, scientists used a
suspension of the sturgeon pituitary gland as a hormonal exci-
tant to conduct sturgeon gametogenesis. In the 1960s, Burtsev
used a small cut into the ventral cavity to harvest caviar from stur-
geon females in vivo, while Burtsev and others enhanced bio-
technologies for mercantile sturgeon farming. Furthermore, sci-
entists were able to obtain the hybrid "bester” for the first time
in 1985, which became an important facility in sturgeon aquacul-
ture throughout Russia (Vasilyeva et al., 2019). Studies conducted
by Soviet scientists formed a large basis for subsequent experi-
ments involving the growing of sturgeon in captivity in many
places across the world, leading to the current global expansion
of sturgeon farming.

Global growth of sturgeon aquaculture

The first FAO-recorded harvest of farmed sturgeon was in 1984,
with an amount of 150 tonnes (Harris & Shiraishi, 2018). It gradu-
ally increased until the early 2000s, when it began to boom tre-
mendously. With a production level of 51500 tonnes in 2011, the
estimated global sturgeon yield from aquaculture exceeded the
peak fishery production in 1977 by more than 73%. Keeping its
upward trend, farmed sturgeon yield reached its peak in 2015
(129608 tonnes), an increase of more than 36% over 2014 and
more than three times over 2010. After peaking in 2015, global
cultured sturgeon production fluctuated before reaching an all-
time high yield in 2021, as illustrated in Figure 1 (Bronzi et al.,
2019, EUMOFA, 2021; FAO, 2023). By 2021, the global yield of
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Figure 1. Estimated global sturgeon production from fisheries
and aquaculture during 2000-2021. (Data from
Bronzi & Rosenthal, 2014; EUMOFA, 2018 & 2021;
Bronzi et al., 2019; FAO, 2023).

sturgeon peaked at 143234 tonnes, with 143017 tonnes originat-
ing from aqguaculture and 216 tonnes sourced from fisheries
(FAO, 2023). This was driven by China, with China’s production
accounting for more than 85% of global output in 2021 (FAO,
2023). The number of countries involved in sturgeon farming has
been steadily increasing year by year. FAO (2015) indicated that
the harvest of farmed sturgeon came from more than 38 coun-
tries embroiled in sturgeon cultivation, and that number in-
creased to approximately 56 in 2017, and 80 in 2021 (FAO, 2015
& 2023; Bronzi et al., 2019). According to FAO statistics (2023),
144 countries contributed to sturgeon production in 2021 (aqua-
culture 80, and fishery 64) (FAO, 2023).

Over the past two decades, sturgeon aquaculture has experi-
enced exponential expansion. According to the FAO, global
production of sturgeon reached 4100 tonnes in 2002, half of
which came from Russia and the rest of the European Union, and
then tripled in 2003, when China’s production began to rise. By
2021 China’s production increased more than thirteen-fold be-
tween 2003 and 2021, from 9000 tonnes to nearly 121875 tonnes
(EUMOFA, 2021; FAO, 2023). The world’s largest producers of
sturgeon in 2021 are China (121875 tonnes), Russia (5047 tonnes),
Armenia (4300 tonnes), Iran (3145 tonnes), Vietnam (2660.2
tonnes), Italy (1252 tonnes), and the USA (1166.2 tonnes) (FAQO,
2023). Among the Arab countries, the UAE contributed 65.13
tonnes to global sturgeon production (FAO, 2023). According to
Bronzi et al. (2019), there are approximately 2329 sturgeon and
paddlefish farms involved in sturgeon farming worldwide.

Global caviar production from aquaculture

Since the first kilograms of cultured sturgeon caviar came onto
the market in the early 1990s, the harvest of farmed caviar pro-
duction has exhibited an upward curve. In 2008, the estimated
global production of caviar from aquaculture for all species was
between 110 and 120 tonnes, harvested from 80 farms in 16 dif-
ferent countries. This shape has changed rapidly, with the major-
ity deriving from at least six hybrids that are all cultivated in more
than 30 countries, including some outside the natural range of
sturgeons (such as South America) (Bronzi et al., 2011). Conse-
quently, the estimated global caviar yield in 2012 was over 260
tonnes. This significant increase was intended to compensate for
the lack of sturgeon fisheries. As demonstrated by Figure 2,
global caviar output climbed steadily, peaking in 2019 at 592.74
tonnes before declining to 571.9 tonnes in 2020 (EUMOFA, 2018;
Bronzi et al., 2019; FAQ, 2022).

Global caviar production from farmed sturgeon

2000 2001 2002 2003 2004 2005 2006 2007 2008 200 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 2. Estimated global caviar harvested from aquaculture
sector during 2000-2020. Data retrieved from (Bronzi
& Rosenthal, 2014; EUMOFA, 2018 & 2021; Bronzi et
al., 2019; FAQ, 2022).

China is the greatest producer of caviar in the world, accounting
for more than a third (205 tonnes and 200 tonnes) of global pro-
duction in 2019 and 2020, respectively (FAO, 2022). Denmark fol-
lows China as the second largest contributor to global caviar out-
put with 60 tonnes, accounting for more than 10% of worldwide
production, in 2020. After Denmark, came Russia (58 tonnes), It-
aly (55 tonnes), France (49 tonnes), Germany and Poland each
had 18 tonnes, Armenia (15 tonnes), and Iran (12 tonnes) in 2020
(FAO, 2022). In addition, the Arab countries, represented by the
Kingdom of Saudi Arabia, contributed 6 tonnes of caviar to glob-
al production in 2020 (FAO, 2022).

Global cultured species of sturgeons

The gap between the substantial commercial interest in stur-
geon products and the limited availability of native sturgeon
populations drives the global expansion of sturgeon farming. As
aresult, in 2017, 22 of the 27 sturgeon species (12 original and 10
hybrids) were farmed in more than 2329 sturgeon and paddlefish
farms spread over 56 countries (Harris & Shiraishi, 2018). The
most well-known original species for commercial cultivation are
Siberian sturgeon (Acipenser baerii), Russian sturgeon, Beluga,
Sterlet (Acipenser ruthenus), and some other species in regional
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dependence, such as Adriatic sturgeon (Acipenser naccarii) in It-
aly and White sturgeon (Acipenser transmontanus) in North
America (Bronzi et al., 2019).

Regarding the pure species, the Siberian sturgeon, Adriatic stur-
geon, sterlet, beluga, and white sturgeon are the pure forms that
dominate global aquaculture for meat production, with 39.5%,
10.2%, 1.9%, 1.3%, and 1.1%, respectively. Siberian sturgeon, Rus-
sian sturgeon, white sturgeon, sterlet, Kaluga sturgeon (Huso dauri-
cus), beluga, Adriatic sturgeon, and Stellate sturgeon dominate the
global culture for caviar production, with quotas of 30.9%, 20.4%,
12.1%, 5.2%, 4.4%, 1.2%, 0.58%, and 0.47% (Bronzi et al., 2019).

In terms of hybrids, there are various hybrid forms around the

world; however, the most common ones utilized in commercial
farming are those that show the effect of heterosis, which allows
for increased fish productivity in comparison to the original pa-
rental forms. The dominant hybrids utilized in meat production
around the world are Huso dauricus x Acipenser schrenckii and
A. baerii x A. schrenckii, which account for 35.6%, while addition-
al hybrid forms (some of which have been named, while others
have not) account for more than 10%. Huso. dauricus x A.
schrenckii is the largest hybrid contributing to caviar collected
from aquaculture (13.1%) globally. Other variants with more than
an 11% share include A gueldenstaedtii x A baerii, H husox A ru-
thenus, A baerii x A gueldenstaedtii, A baerii x A naccarii, and
others (Harris & Shiraishi, 2018; Bronzi et al., 2019). Table 1 shows

Table 1.

Distribution of cultivated sturgeon species and/or hybrids worldwide.

Acipenseriformes

Common name

Distribution

Subfamily Acipenseridae

Genus Acipenser

Acipenser baerii Brandt, 1869
Acipenser gueldenstaedtii Brandt, 1833
Acipenser ruthenus L., 1758

Acipenser stellatus Pallas, 1771
Acipenser schrenckii Brandt, 1869
Acipenser persicus Borodin, 1897
Acipenser oxyrynchus Mitchill, 1815
Acipenser nudiventris Lovetzky, 1828
Acipenser naccarii Bonaparte, 1836
Acipenser fulvescens Rafinesque, 1817
Acipenser dabryanus Dumeril, 1868
Acipenser brevirostrum Le Sueur, 1818
Acipenser transmontanus Richardson, 1836
Acipenser sturio L., 1758

Acipenser mikadoi

Genus Huso

Sterlet

Huso dauricus Georgi, 1775

Huso huso L., 1758 Beluga

Subfamily Scaphirhynchinae

Genus Scaphirhynchus

Scaphirhynchus platorynchus Rafinesque, 1820
Family Polyodontidae

Polyodon spatula Walbaum in Artedi, 1792
Psephurus gladius Martens, 1862

Hybrids

Paddlefish

Siberian sturgeon
Russian sturgeon

Stellate sturgeon
Amur sturgeon
Persian sturgeon
Atlantic sturgeon
Ship sturgeon
Adriatic sturgeon
Lake sturgeon
Yangtze sturgeon
Shortnose sturgeon
White sturgeon
Common sturgeon
Sakhalin Sturgeon

Kaluga sturgeon

Shovelnose sturgeon

Chinese Paddlefish

Russia (Siberian rivers) & Kazakhstan
Russia, Kazakhstan & Black, Caspian, Azov seas
Russia, Romania & Eurasian countries
Caspian, Azov, Black, Aegean

Amur River (China)

Caspian Sea

North American East coasts

Aral, Black, Caspian & rivers

Adriatic Sea & tributaries

Great Lake, southern Canada

Yangtze River system

North American east coast

North American Pacific coasts

Baltic, N. Atlant., Medit., Black

Sakhalin, Japan Sea Rivers & Amur River

China (Amur River system), Russia
Russia, countries around the Caspian & Black Seas, the
northern part of Adriatic Sea (Po River).

Mississippi Missouri system

Mississippi River (USA)
Yangtze River system

H. huso x A. Ruthenus Bester

A. baerii x A. Gueldenstaedtii BAGU

H. dauricus®x A. schrenckid or reversed cross China, Russia

H. huso® x A. baeriid Russia, countries around Caspian Sea
A. baerii? x A. schrenckiid and reversed cross

A. gueldenstaedti x A. Schrenckii

A. naccarii X A. Baerii AL, Baccarii

A. stellatus x A. Ruthenus Schipp

Data retrieved fromBronzi & Rosenthal, 2014; Shen et al., 2014; Vasilyeva et al., 2019. In Russian.
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the most common sturgeon species and/or hybrids used in aqua-
culture around the world.

At the state level, each country has its own variety of sturgeon hy-
brids; for example, in China, the most common hybrids em-
ployed in commercial aquaculture are H dauricus® x A. schrenc-
kid, A. schrencki® x H. dauricusd, A. baerii® x A. schrenckiid, and
A. schrenckii® x A. baeriid, accounting for 26% of the total out-
put (Shen, Shi, Zou, Zhou, & Wei, 2014). In Russia, numerous hy-
brid forms and domesticated breeds are documented in the stur-
geon polity registry. For instance, the following five domesticat-
ed breeds were listed in 1993: (1) Beluga by OJSC “Volgorechen-
skrybkhoz,” Kostroma region; (2) Paddlefish by the fish breeding
farm "Hot Key,” Krasnodar region; (3) Russian sturgeon by the
Federal Center of Fish Selection and Genetics, Leningrad Re-
gion; (4) Siberian sturgeon by the Konakovsky hatchery for stur-
geon trade of the VNIRO Institute (http://vniroinfo.ru), Moscow
region; and (5) Sterlet by the Konakovo hatchery for sturgeon
trade, Tver region (Bogeruk, 2008). In addition, three hybrids (be-
luga x sterlet, called Burtsevsky bester, sterlet x bester, called Ak-
sai bester, and Vnirovsky bester, beluga x bester, i.e., Acipenser
nikoljukini) were registered in 2000 (Vasilyeva et al., 2019). With a
7% production share, one hybrid, Bester (H. huso x A. ruthenus),
is the predominant form in Russian aquaculture (Vasilyeva et al.,
2019).

Systems and technologies for sturgeon aquaculture

Various systems and techniques are applied in sturgeon farming
around the world, depending on the country, location, climatic
conditions, available water resources, the country’s economic
status, farmers, and so on. According to Bronzi et al. (2019), the
flow-through method (FTM) and recirculating aquaculture sys-
tems (RAS) are the dominant two methods used in sturgeon
aquaculture worldwide. FTM and RAS have a combined share of
up to 68% in sturgeon farming around the world, with 36% for
FTM, 21% for RAS, and 11% for a combined technology of FTM/
RAS (Bronzi et al., 2019). Then there were cages and ponds, with
18% and 6%, respectively. However, the situation varies by state;
for example, in China and Russia (the two world's top producers),
cages account for roughly one-quarter and two-thirds of total
output from farmed sturgeon in these countries, respectively.
Furthermore, the pond-rearing method is widely used in Central
and Western European countries, and the RAS is found all over
the world, primarily in countries with limited water resources, un-
favorable climatic conditions, and high levels of ecological emis-
sions (Bronzi et al., 2019; Vasilyeva et al., 2019).

The culturing programs implemented to back up the natural
sturgeon populations

Historically, the culturing programs that succeeded in reversing
the declines of the natural population of sturgeon in the Caspian
Sea date back to the late 1950s. Since the number of wild stur-
geons in the Caspian and Azov Seas had begun to decrease at
that time, a sturgeon breeding program was initiated. Soviet sci-
entists managed to develop a technique for replenishing wild
sturgeon populations through controlled reproduction. Using
this technique, they were able to conduct the hormonal induc-
tion of the mature brooders in captivity, obtain eggs and sperm,
perform artificial insemination, incubate the vivid fetus until it

hatches, and then raise the larvae in tanks and/or ponds, aiming
for fingerlings aged 1-1.5 months with an average body weight
of 3-5 g to be released into the spawning rivers or sea estuaries
(Milstein, 1982: Vasilyeva et al., 2019).

Since 1953, over 3 billion sturgeon fingerlings have been re-
leased into the Caspian basin (Figure 3). Four countries (Russia,
Kazakhstan, Azerbaijan, and Iran) have contributed to this num-
ber; however, the majority (2.22 billion specimens, or 74%) of the
total fingerlings, were produced by Russian hatcheries (Vasilyeva
et al., 2019). In the lower Volga region, nine sturgeon hatcheries
(7 in Astrakhan and 2 in Volgograd) were constructed for com-
mercial aquaculture and release, along with two in Dagestan,
two in Kazakhstan, three in Azerbaijan, and five controlled stur-
geon hatcheries in Iran. The annual capacity of hatcheries to pro-
duce sturgeon juveniles (Huso huso, Acipenser gueldenstaedtii,
Acipenser nudiventris, Acipenser stellatus, and Acipenser ru-
thenus) was 90-92 million. In the late 1980s and early 1990s, the
release of sturgeon juveniles reached a peak value of 101 million
pieces, with the USSR accounting for 90% of the total number re-
leased (Kokoza, 2004). In the Black Sea, Turkey has implemented
programs to rehabilitate and protect sturgeon populations in
Turkish waters since 1997 (Akbulut et al., 2001). Conservation
and rehabilitation programs included six anadromous sturgeon
species (H. huso, A. gueldenstaedtii, A. sturio, A. nudiventris, A.
stellatus, and A. ruthenus) that entered the Kzlrmak, Yesilrmak,
Sakarya, and Coruh rivers for spawning, and the majority of the
sturgeon fingerlings released were in the Yesilirmak River and Sa-
karya between 2001 and 2013. (Akbulut et al., 2001; Zengin, Tiril,
Dagtekin, Gul & Eryildirim, 2010; Tiril & Memis, 2018).

In general, the controlled propagation strategy is based on utiliz-
ing mature adult broodstock collected from the wild to produce
sturgeon progeny in hatcheries following adaptation to con-
trolled conditions. However, due to a severe scarcity of wild
broodstocks taken from nature to operate hatcheries and pro-
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Figure 3. The figure of sturgeon juveniles released into the
Volga-Caspian basin within the period of 1986-2021.
Retrived from Rosrybolovstvo activities and tasks
2009-2021: https://fish.gov.ru/about/kollegiya-rosry
bolovstva/.
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duce sturgeon seedlings, it has begun to develop a sturgeon
broodstock from overripe adult fishes raised from hatchery fry
(Kokoza, 2004; Vasilyeva, Naumov, & Sudakova, 2015).

Global marketing of sturgeon caviar

Focusing on the global trade of wild sturgeon products (meat
and caviar), until 1991, the majority of the world’s sturgeon catch
and caviar harvest came from Russian fisheries, which supplied
up to 28000 tonnes of sturgeons and up to 2000-28000 tonnes of
caviar, while the annual world export market for caviar was over
570 tonnes at that time (Vasilyeva et al., 2019). The total global
capture of sturgeons in 2021 was 216 tonnes. Except for Uzbeki-
stan (quota of 20 living specimens of Amu Darya Sturgeon Pseu-
doscaphirhynchus kaufmanni in 2017), no quotas for wild cap-
tures of Acipenseriformes spp. have been reported since 2011.
Azerbaijan supplied all caviar from wild Russian sturgeon be-
tween 2010 and 2015 (Harris & Shiraishi, 2018). Furthermore, the
top two exporting countries for wild caviar were the United
States (40 tonnes) and Germany (19.4 tonnes), while the top three
species producing wild caviar were American Paddlefish Polyo-
don spathula (48.011 tonnes), Russian sturgeon (6.030 tonnes),
and shovelnose sturgeon Scaphirhynchus platorynchus (5.416
tonnes) (Harris & Shiraishi, 2018; EUMOFA, 2018).

The CITES trade statistics showed that reported caviar (re) ex-
ports (from wild and aquaculture) totaled 1599 tonnes between
2000 and 2015, and exhibited a general decrease during that
time, from 229 tonnes in 2000 to 108 tonnes in 2015. Aquaculture
caviar exports increased throughout the same period of time,
reaching 102 tonnes in 2015, accounting for 95% of total trade by
weight (Harris & Shiraishi, 2018 EUMOFA, 2018). During this peri-
od, the majority of direct exports were caviar harvested from
aquaculture, but 66% of USA exports were wild-derived caviar
(Paddlefish and Shovelnose Sturgeon). Between 2010 and 2015,
the top three species of farmed sturgeon that produced caviar
for the global market were Siberian sturgeon, a hybrid Huso dau-
ricus x Acipenser schrenckii, and Russian sturgeon. Figure 4
shows the main aquacultured sturgeon species contributing to
sturgeon caviar exports (Harris & Shiraishi, 2018; EUMOFA, 2018).
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Figure 4. Cultured sturgeon species contributing to sturgeon
caviar exports. Data retrieved from (Harris &
Shiraishi, 2018; EUMOFA, 2018).

According to FAQO statics (2022), the exported amounts of caviar
accounted for 762.21 tonnes in 2020. There was a quota for about
52 countries that contributed to the export of caviar in 2020.
Denmark topped the exporting countries with about a 30% share
of global caviar exports, followed by China with a share of about
16% of global caviar exports (FAO, 2022). There are quotas for
UAE caviar exported in 2019 (10.55 tonnes) and in 2020 (0.01
tonnes) (FAO, 2022). Figure 5 illustrates the major exporting
countries of sturgeon caviar in 2020 (FAO, 2022). In 2020, Egypt
imported sturgeon caviar (net product) with an amount of 14.34
tonnes from Denmark, Norway, Sweden, Thailand, the UAE, and
others, while it imported caviar and caviar substitutes with an
amount of 15.15 tonnes from China, Denmark, Norway, and Swe-
den (FAO, 2022).
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Figure 5. The leading exporting countries of sturgeon caviar
in 2020. (Data retrieved fron FAO, 2022).

Prospects for caviar production

According to FAO statistics, the harvest quantity of farmed stur-
geon has increased substantially, from 19000 tonnes in 2006 to
105000 tonnes in 2016. Sturgeon production is thought to consist
of early male harvesting within 3-4 years of growing, as well as
raising females for caviar production. Taking into account (on a
global basis) that the average cycle time necessary to create cav-
iar is 8 years from hatch to first reaping of ripe sturgeon, the 340
tonnes of caviar harvested in 2016 resulted from a world stur-
geon production of 26000 tonnes (FAO production estimate
2007/2008). In 2017, global production was four times more than
in 2007/2008, reaching 103000 tonnes. According to Harris and
Shiraishi (2018), when these sturgeons reach maturity, the pro-
duction of caviar can reach a thousand tonnes if the same caviar/
sturgeon ratio as described above for sturgeon production in
2017 is used. This amount is supported by other literature, with
future production predictions ranging from 500 to 2000 tonnes
(Sicuro, 2018).

The global caviar trade market recorded a growth rate of 6.7%,
with an estimated market size of US$76123 million in 2022, and a
projected market value of US$ 86764 million in 2023. Further-
more, the caviar trade industry is predicted to rise at a 14.43%
CAGR to reach a value of US$ 223885 million by 2030 (Global
Caviar Market, 2022; Market Research Future, 2023). This raises
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concerns about the possibility of greater supply versus demand,
which means reduced pricing and profitability, particularly given
the constant expansion in Chinese caviar production, which has
already resulted in considerable drops in the worldwide caviar
price (EUMOFA, 2018 & 2021). Substandard quality control and
the need to format due to increasing consumer demand for cav-
iar production are the key challenges encountered by aquacul-
ture companies throughout the caviar-trading encounter (Sicuro,
2018).

Prospects for sturgeon aquaculture in Egypt: an overview
Egypt is located in the Middle East region, which has around 186
sturgeon farms, accounting for 8% of all sturgeon facilities glob-
ally (Bronzi et al., 2019). The United Arab Emirates and Saudi Ara-
bia are two of the main countries in this field that are near Egypt
and have achieved exceptional success in sturgeon aquaculture.
In comparison to these countries, Egypt has a high potential due
to significant advantages such as moderate climatic conditions
and well-trained and inexpensive labor. Egypt also possesses
natural fresh, marine, and brackish water resources, such as the
Nile and delta, the Mediterranean and Red Seas, open and
closed lakes, and oases. Furthermore, huge aquifers that run the
length of the country supply suitable water for aguaculture in
general and sturgeon farming in particular. These characteristics
are significantly superior to those of the other countries indicat-
ed, which are currently involved in successful sturgeon farming.

Egypt has the biggest aquaculture production share in the Med-
iterranean region, with 31%, followed by Turkey (29%), Italy (21%),
and Greece (14%) (FAO, 2019). Furthermore, Egyptian aquacul-
ture is the largest in Africa, accounting for more than 67.5% of
the continental industry. In 2020, Africa contributed 2354000.3
tonnes to worldwide aquaculture of all farmed species, account-
ing for 1.92% of total global aguaculture (FAO, 2022). Egypt's
aquaculture ranked sixth in the world in 2020, with 1591900
tonnes (FAO, 2022). On a global scale, Egypt is the leading pro-
ducer of mullet (family Mugilidae) with 351197 tonnes (93.8%) of
global mullet production, totaling 374072 tonnes, in 2021 (FAO,
2023). Furthermore, with 954154 tonnes, Egypt is the third-larg-
est producer of Nile tilapia (Oreochromis niloticus) after China
(1241410 tonnes) and Indonesia (1172633 tonnes) (Geletu &
Zhao, 2022). After Turkey and Greece, Egypt is the third largest
producer of European seabass (Dicentrarchus labrax) and gilt-
head seabream (Sparus aurata) (Lotfy et al., 201: Abdel-Rahim et
al., 2023). Egypt produced 33245 tonnes of European seabass
and 42743 tonnes of gilthead seabream in 2021, while the world's
two largest producers, Turkey and Greece, produced 155151
tonnes and 51231.8 tonnes of European seabass and 133476
tonnes and 66890.8 tonnes of gilthead seabream, respectively
(FAO, 2023).

Egypt's aquaculture industry is diverse in terms of farmed (fresh,
brackish, and mariculture) species and culture systems, including
governmental and private farms, cages, aquaculture in rice fields,
semi-intensive, and intensive aquaculture systems (GAFRD, 2016
& 2020). Aquaculture characteristics include diversity and large
scale, as well as current modernization through the construction
of mega-projects implemented by the country in recent years,
such as: (a) the national project for mariculture in the Suez Canal,

with a potential target production capacity of 150000 tonnes/
year; (b) the Ghalion aquaculture project in Kafr El-Sheikh gover-
norate on a total area of 2000 hectares, including 453 marine fish
ponds, 626 shrimp ponds, 186 nursery ponds, and a marine
hatchery; and (c) the national project for developing East Port
Said, over an area of 10,920 hectares with a potential annual tar-
get production of 50000 tonnes (GAIN Report, 2016). All of these
factors contribute to and boost the possibility of successful stur-
geon farming in Egypt.

Currently, Egyptian authorities, legislative bodies, and re-
search institutions are working to pass legislation that will make
it easier for investors and international experts to collaborate
with Egypt in this field. Restrictions have been discussed, focus-
ing on the environmental and disease-controlling aspects of
non-endemic species, along with continuous monitoring by spe-
cialized research and supervision bodies. Moreover, the Egyptian
authorities are very open to introducing new species of fish and
crustaceans. The non-endemic aquatic species that have recent-
ly entered Egypt, such as the Basa fish (Pangasius sp.), and
Whiteleg shrimp (Litopenaeus vannamei), have become vital
species in the Egyptian aquaculture industry (Kaleem & Sabi,
2020).

With the beginning of sturgeon cultivation in Egypt, there are
three candidate species with rapid growth and rapid reproduc-
tive maturation in captivity. The first is Sterlet sturgeon, a fresh-
water, brackish, and demersal fish with a maximum weight of 16
kilograms, a maximum length of 1.25 meters, and a maximum
lifespan of 25 years. They consume benthic organisms, including
crustaceans, worms, and insect larvae. Females reach puberty at
the age of four, ovulation occurs between mid-April and early
June, and they lay between 15,000 and 44,000 eggs at optimum
water temperatures of 12 to 17 °C (Gesner, Freyhof, & Kottelat,
2010). The second candidate species is Siberian sturgeon. Due
to its easy reproduction, rapid growth, and lack of pathological
issues, Siberian sturgeon is a better candidate for aquaculture
than other species. It is a freshwater, brackish, and demersal fish
that typically weighs up to 65 kg and lives up to 63 years, with a
maximum recorded weight of 210 kg and length of 2 meters. In
the environment, benthic organisms such as crustaceans and chi-
ronomid larvae comprise the food chain. Females reach sexual
maturity at five years of age in captivity. They spawn in June-July
with eggs measuring 3.0-3.6 mm, newly hatched larvae measur-
ing 10-12 mm in length, and an incubation period of approxi-
mately 16 days at 10-15°C (We et al., 2011; Williot, Nonnotte, Viz-
ziano-Cantonnet, & Chebanov, 2018). The third candidate spe-
cies is Russian sturgeon: its farming represents a significant por-
tion of global sturgeon aquaculture due to its superior meat and
caviar quality among all sturgeons, with the exception of beluga
caviar, which has a more exquisite flavor and higher nutritional
value. This species is an anadromous euryhaline fish that is en-
demic to the Black, Azov, and Caspian Seas and migrates into
the river systems that drain into these seas to reproduce. This
species lives up to 47 years, achieving a body weight of roughly
115 kg and a length of 236 cm by the age of 7 years in RAS,
whereas prototypes can mature in the fifth year (Elhetawy et al.,
2020). They consume benthos (mollusks, crustaceans, worms,
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small fish-bulls, and sprats) and spawn between mid-May and
early June at water temperatures between 8 and 15 °C. Individu-
al fecundity ranges from 50 to 600 thousand eggs and can reach
1 million on occasion (We et al., 2011; Aquaculture Russia, 2023).

The use of these three species in the development of the sturgeon
aquaculture industry will allow us to generate revenue from stur-
geon meat by the end of the second year of cultivation, sturgeon
caviar by the fourth year with sterlet, and sturgeon caviar by the
fifth year with sterlet, Siberian sturgeon, and the best specimens of
Russian sturgeon. In addition, other species with a high economic
value for meat and caviar, such as beluga and Sevruga, will be in-
troduced progressively. Furthermore, each of these native species
has hybrids with others; hence, hybridization by systematic re-
search on the crossing of sturgeon chromosomes may lead to the
development of suitable varieties for Egypt's conditions, as has
been done in China and Russia (Elhetawy et al., 2020).

Sturgeon aquaculture in Egypt requires the use of cutting-edge
technology such as RAS, which will technically improve and mod-
ernize the aquaculture industry. The RAS and ponds (concrete
and earthen) with groundwater utilization are the most conve-
nient sturgeon-rearing technologies for Egyptian conditions.
RAS allows for continuous growth throughout the year under
completely controlled conditions, whereas ponds allow fish to
grow in natural conditions, which improves the quality of meat
and caviar produced and considerably reduces production costs
(Elhetawy, Sudakova, Anokhina & Vasilieva, 2018). With the appli-
cation of a combined RAS/pond technology, sturgeon farming
could achieve tremendous success and generate substantial rev-
enue. In the RAS system, sturgeon will grow for 7-8 months
(during spring and summer, when environmental conditions are
not ideal for sturgeon growth), and then continue to grow in res-
ervoirs for the remainder of the year. Table 2 shows the water
quality requirements for sturgeon growth using different culture
methods (Vasilyeva et al., 2010).

The Northern region of Egypt, including the Nile Delta and Siwa
Qasis, is most suited for creating sturgeon farms. The Nile Delta
and Siwa Qasis’s climatic conditions and groundwater quality are
ideal for promoting the growth of sturgeon with the use of the
RAS/ponds technology. The average daily temperature in the
Delta is between 17 and 20 ° C, while the maximum temperature
is between 26 and 34 ° C and the lowest is between 6 and 13° C
(Abd-Elaty, Abd-Elhamid, & Negm, 2018; Negm, Sakr, Abd-Elaty,
& Abd-Elhamid, 2019). The Siwa Oasis has a maximum tempera-
ture of 16.4 - 36 ° C (January - July) and a minimum temperature
of 7.3 - 23.3 ° C (January - August), with an average daily tem-
perature of 12.1 - 29.9 ° C (Climate-Data.Org).

In 2003, the gross annual freshwater abstraction from groundwa-
ter from the Nile Delta accounted for 2.0, 0.6, and 0.9 billion cu-
bic meters (BCM) for the eastern, middle, and western regions,
respectively (Abd-Elaty et al., 2018; Negm et al., 2019). The total
groundwater prospect for each of the three zones (Western, Mid-
dle, and Eastern Delta) was calculated to be 1.2, 2.4, and 0.71
BCM per annum, respectively (Negm et al., 2019; Negm, 2019).
The south and central regions of the Nile Delta have significant
groundwater potential, where aquifer features (semi-confined)
and recharge form and continuity (surface Nile water) allow for
the extraction of huge volumes of high-quality groundwater from
shallow depths. The salinity ranges from 0.296 to 0.810 g/I, with
an increase to more than 5 g/l in the North Delta, while the pH
ranges from 6.72 to 8.65 (Abd El-Fattah, 2014).

In the Siwa Oasis, freshwater is distributed throughout the oasis
in the form of a significant number of wells and eyes (up to 200
eyes), from which 190 thousand cubic meters of water flow daily
and are used for irrigation, drinking, bottled natural water, and
treatment. Groundwater water may be divided into three major
groups: fresh samples have been discovered in the Nubian
sandstone aquifer, brackish samples are found in the fractured
dolomite limestone aquifer, and saline samples are found in the

Table 2. Water quality requirements for sturgeon rearing.

Parameter Ponds Cages RAS
Water temperature 19-24 12-24 18-24
Oxygen concentration, mg / | 6.0-8.0 8.0-9.0 6.0-10
Smells, tastes Water should not have any odors or taste
Transparency, m Not less than 1.5

Suspended solids, g / m? >25 >25 >10
Permanganate oxide, mg O,/ m? >15 >10 >15
Bichromate, mg O, / m? >50 >30 >50
pH 7.2-8.5 7.5-8.5 7.0-8.0
Carbon dioxide, g/ m? Not more than 10.0 - -
Dissolved ammonia, g/ m?3 >0.05 - -
Ammonium ion, gN / m3 0.5 0.5 2.0-4.0
Nitrite —ion, gN / m 0.01 0.01 0.1
Nitrate ion, gN / m3 2.0-3.0 2.0-3.0 >60
Phosphate ion, g/ m3 0.1 0.1 0.3
Total Iron, g / m3 0.5 0.5 -

Data retrieved from Vasilyeva et al., 2010. In Russian.
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broken dolomite limestone aquifer. The salinity of the water
ranges from 0.1688 g/l to 7.4728 g/|, with pH values ranging from
6.9-7.5 (Abo EL-Fadl, Wassel, Sayed, & Mahmod, 2015).

In these two locations, using RAS or the combined RAS/Ponds
technology in the cultivation of the aforementioned species,
Egyptian authorities may conduct the necessary feasibility stud-
ies and then launch an ambitious sturgeon aquaculture program
in Egypt. Feasibility studies should contain short, medium, and
long-term strategies for developing the project and introducing
new sturgeon species with worldwide economic significance.
The establishment of laboratories is required to perform experi-
ments and scientific research in order to continuously promote
farming techniques.

CONCLUSION

In the past quarter century, aquaculture has helped prevent the
extinction of sturgeon. Controlled sturgeon reproduction is cru-
cial for replenishing natural resources and operating sturgeon
aquaculture to meet growing caviar demand. Controlled repro-
duction is needed not only to replenish natural populations, but
also to preserve genetic diversity. To date, sturgeon aquaculture
has contributed to the conservation of these species and com-
pensated for the relative lack of caviar from wild resources by
supplying farmed products to the global market. Only through
sustainable aquaculture can these distinct, ancient species be
preserved for future generations. In comparison to other coun-
tries in the region, Egypt has tremendous potential to successful-
ly start sturgeon farming. Sturgeon aquaculture in Egypt will
grow and modernize the aquaculture business by utilizing cur-
rent technologies and increasing aquaculturists’ efficiency. Fur-
thermore, it will maximize groundwater utilization, generate new
urban settlements, and provide an extra source of income to pre-
serve hard currency, among other benefits. Furthermore, be-
cause Egypt is the northern entrance to Africa, the introduction
of sturgeon aquaculture in Egypt would motivate many other na-
tions in the region to take part in the business, which will be re-
flected in the global extension of its farming area and, ultimately,
its wealth. Finally, the purpose of this review was to highlight the
global importance of sturgeon farming and provide an overview
of the potential opportunities for sturgeon farming in Egypt as a
source of information for Egyptian decision-makers and fish pro-
ducers. More in-depth research is needed to investigate, evalu-
ate, and establish the basic guidelines for this industry.
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ABSTRACT

This study reports our observation of the large sea slug Tethys fimbria Linnaeus, 1767 in the north-
ern-eastern Sea of Marmara (the Princes’ Islands). We observed T. fimbria on the detrital bottom of
the sea at a depth of 35 m in June 2022. This species had previously been reported during spawn-
ing in a recent study conducted in the southern part of the Canakkale Strait (the Dardanelles Strait
that connects the Marmara Sea with the Aegean Sea). Prior to 2022 there had been no reports of
this conspicuous species from the Marmara Sea in the scientific literature or in photo-records
among divers. Following our observation of the species in the sea around the Princes’ Islands, un-
derwater photographers reported pictures of T. fimbria from different locations in the Marmara Sea
on social media platforms. The sea slug seems to extend its distribution northwards. The potential-
ly new arrival of the large sea slug in the Sea of Marmara, rather than a distribution shift from deox-
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ygenated deep Marmara basins or a climate-related northwards expansion, is discussed.
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INTRODUCTION

The Sea of Marmara is an inner sea with a com-
plex geological history involving episodic con-
nections located between the Black Sea and
the Mediterranean Sea (Yanko-Hombach et al.
2007; BlyUkmeric 2016). The colonization of the
Marmara Sea is therefore assumed to be rela-
tively recent, following the establishment of the
present-day two layered stratification system
(Meri¢ and Algan 2007; McHugh et al. 2008).
The inner sea connects two nearly isolated seas
with highly different oceanographic features
through two narrow channels (Besiktepe et al.
1994). The Sea of Marmara along with the Istan-
bul Strait (the Bosphorus) and the Canakkale
Strait (the Dardanelles) is described as the Turk-
ish Straits System and acts as a corridor for two-
way translocation of species from their native
habitats in the Black and Mediterranean Seas
(Oztiirk and Oztiirk 1996). In recent years cli-

mate change has accelerated shifts of species
from the Mediterranean Sea into the Sea of
Marmara, and from there to the Black Sea un-
der the process of ‘Mediterranization’ (Oguz
and Oztiirk 2011; Oztlrk, 2021). The presence
of Atlantic-Mediterranean and Indo-Pacific spe-
cies in the Sea of Marmara and the Black Sea
could represent important signs of the process
of Mediterranization (Turan et al. 2016). Chang-
es in species distribution, shifts in range and in-
troduction of alien species are increasing con-
cerns in the marine environment related to cli-
mate driven factors, among others (Azzurro et
al. 2019; Pinsky et al. 2020). Therefore, monitor-
ing studies are essential in determining chang-
es in marine communities (Bianchi and Morri
2000; Philippart et al. 2011). This study reports
on the sea slug Tethys fimbria Linnaeus, 1767,
observed in the northern part of the Sea of
Marmara during a monitoring study in a place
where there had been no previous records of
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the species. This study briefly discusses the observation of the
species in the Sea of Marmara, its potentially new arrival, and re-
lations to climate driven or perturbation caused processes.

MATERIAL AND METHODS

The study site is in the north-eastern Sea of Marmara, in the
Princes’ Islands. In the Sea of Marmara an evident stratification is
present; the upper layer is dominated by brackish waters from
the Black Sea, while the lower layer is dominated by saline Med-
iterranean waters flowing northwards from the Aegean Sea
(Besiktepe et al. 1994). The two water masses are separated by a
permanent halocline. The lower layer below the halocline does
not undergo major seasonal variations and has a salinity of %.38,
a temperature of approximately 14 °C, and dim light.

The study was carried out in June 2022 during a monitoring study
by SCUBA diving around the Burgazada, Kalpazankaya station in
the Princes’ Islands region, northeastern Sea of Marmara [Lati-
tude: 40°52'40.84"N, Longitude: 29° 3'7.19"E] (Figure 1).
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Figure 1. Location of the Princes’ Islands and the monitoring
station (black dot) where T. fimbria was observed.
The location of the previous observation of the
species (Ozalp et al. 2022), where spawning was
observed in January, is shown with a star.

RESULTS AND DISCUSSION

The specimen described here was observed on a sandy/muddy
sea bottom at a depth of 35 m at midday (Figure 2). It was ob-
served first on the seafloor and then swimming in the water col-
umn. The sea slug measured approximately 25 cm in length (Fig.
1). An updated checklist of marine molluscs documents two spe-
cies along Turkish coasts belonging to the Tethydidae family;
Melibe viridis (Kelaart, 1858), and T. fimbria (Oztlrk et al. 2014).
The latter was first recorded from the Aegean Sea (Forbes, 1844)
and later was reported from the Levantine coast (Swennen, 1961).
Another study reports the large sea slug from the central Aegean
Sea (Geldiay and Kocatas, 1972). Recently, Ozalp et al. (2022) re-
ported T. fimbria in the Dardanos MPA (southern coast of the
Canakkale Strait) between 10-28 m on soft substrate and around
the Posidonia beds. The authors observed large numbers of sea
slugs spawning in January. The species distribution ranges from
the Mediterranean Sea (Domenech et al. 2006; Crocetta et al.
2020; Betti et al. 2021; Toma et al. 2022) to the Atlantic Ocean, in-
cluding the Spanish coast off the Gulf of Biscay, the mainland
coast of Portugal, the Andalusian Atlantic coast, the Andalusian
Mediterranean coast, the Spanish Levant, from Cape Gata to

Catalonia, Catalonia, the Balearic Islands, the Canary and Sel-
vagens Islands (Cervera et al. 2006) and the Cape Verde Islands
(Wirtz et al. 2016).

The sea slug T. fimbria is one of the largest heterobranchs, with a
length of up to 30 cm, and is the only species of the genus Tethys,
closely related to the genus Melibe. Both have a large oral hood
(velum) used in the capture of food, mainly represented by small
crustaceans, ophiuroids and other invertebrates (Thompson and
Brown, 1984). Tethys is characterized by a stout translucent white
body, with a pair of small rhinophores and a series of five to six
flattened cerata, whitish to yellowish in color, with orange marks
and numerous black spots. The cerata of this sea slug possess
great amounts of PG derivatives used in defense mechanisms
(Marin et al. 1991) and can be autotomized.

T. fimbria is defined as a euribathic and euryphagous species since
it has been observed both in deep and shallow areas (Toma et al.
2022 and references therein). The shallow (< 50 m) records of the
species usually report one or few individuals (Sigovini et al. 2014;
Trainito and Doneddu, 2015) while deeper reports generally in-
clude numerous individuals (Domenech et al. 2006; Crocetta et al.
2020; Toma et al. 2022). We should keep in mind that different
sampling strategies have typically been used in each of the two
layers. For example, studies in shallow waters were accomplished
by SCUBA diving while studies in deeper waters utilized bottom
trawling, except that of Toma et al. (2022) whose study was carried
out by means of remotely operated vehicles. Photo-records of the
species in underwater photography or marine life related websites
(e.g. seaslugforum.net; opistobranquis.info) also seem to report
few individuals generally observed during night dives. T. fimbria is
relatively common in the Adriatic Sea characterized by turbid wa-
ters and dim light conditions, as the Sea of Marmara (Sigovini et al.
2014; Zenetos et al. 2016; Betti et al. 2021).

Figure 2. Tethys fimbria specimen encountered in June at
Kalpazankaya resting on soft substrate (A); and
swimming (B).

The Princes’ Islands are the most favored diving spot of the Sea
of Marmara. This large sea slug is very conspicuous and cannot
be unnoticed to divers, particularly to underwater photogra-
phers, and yet we could find no observations of this sea slug pri-
or to 2022. However, we encountered two entries on social me-
dia with photos of this species taken by underwater photogra-
phers and by diving clubs in summer 2022. These photos had
been taken in the southeastern Marmara coastal waters. Hence,
T. fimbria seems to be a late arrival in the Sea of Marmara, possi-
bly due to ongoing Mediterranization.
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A possible reason for the previous non-sighting of this species in
the area could be that T. fimbria may have used exclusively deep-
er areas in the Sea of Marmara and thus gone unnoticed to div-
ers. The sea slugs may have escaped the recent deoxygenation
of deep Marmara basin (Mantikgi et al. 2022; Yalgin et al. 2017)
and shown up at shallow depths. However, under this scenario,
the species would have been found in trawling surveys as in the
Mediterranean, where it is usually reported in large numbers
(Domenech et al. 2006; Crocetta et al. 2020; Toma et al. 2022).
There are several surveys by towing gears undertaken in the Mar-
mara Sea that report sandy/muddy bottom fauna from different
depth layers (Altug et al. 2011; Bok et al. 2011; Zengin et al. 2017;
Colakoglu, 2020 among others). However there are none that re-
port T. fimbria.

In the Mediterranean Sea, climate-driven surface water warming,
among other factors such as habitat degradation, competition
with others and changing environmental parameters may alter
the species abundances in a severe way by extending the spe-
cies range and enhancing the poleward migrations (Azzurro et al.
2019; Yapici et al. 2016). Therefore, some species, especially inva-
sive ones, may move to new regions to survive where they were
absent before, and some native thermophilic species thus ex-
tend northwards (Azzurro et al. 2008, 2011, 2019). Similar warm-
ing trends are also present in the Sea of Marmara, an inner sea
that connects the Black Sea and the Aegean Sea and acts as an
ecological barrier in between. An increase of 2.11°C in sea sur-
face temperature values and 0.95 PSU in surface salinity values
was already reported in the small basin (Latif et al. 2022). Along
with the ongoing warming trend from climate change, the
semi-enclosed Marmara Sea might be subject to other warming
contributors, such as warm industrial wastewater discharges and
the loss of natural coasts with increasing coastal constructions
(thus giving rise to the loss of natural cooling mechanisms
through wave actions). However, T. fimbria is not a thermophilic
species and its presumed new arrival in the Marmara Sea cannot
be a consequence of the warming trend. We therefore relate the
recent observation of T. fimbria in the Marmara Sea mainly to its
recent arrival in this inner sea.

CONCLUSION

In this study a northern expansion of the distribution of the large nu-
dibranchia Tethys fimbria was reported in the northeastern Sea of
Marmara near Burgazada. The recent observation of this large sea
slug in the Sea of Marmara seems to be related mainly to its new ar-
rival in the Marmara Sea rather than to a distribution shift from de-
oxygenated deep basins or to a climate-related expansion.
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fisheries management, fishery biology, wild fisheries, ocean
fisheries, biology, taxonomy, stock identification, functional
morphology freshwater, brackish and marine environment,
marine biology, water conservation and sustainability, inland
waters protection and management, seafood technology and
safety.

The target audience of the journal includes specialists and
professionals working and interested in all disciplines of aquatic
sciences.

The editorial and publication processes of the journal are
shaped in accordance with the guidelines of the Committee
on Publication Ethics (COPE), the European Association of
Science Editors (EASE), the International Council of Medical
Journal Editors (ICMJE), and National Information Standards
Organization (NISO). The journal conforms to the Principles of
Transparency and Best Practice in Scholarly Publishing (doaj.
org/bestpractice).

Originality, high scientific quality, and citation potential are
the most important criteria for a manuscript to be accepted
for publication. Manuscripts submitted for evaluation should
not have been previously presented or already published in an
electronic or printed medium. The journal should be informed
of manuscripts that have been submitted to another journal
for evaluation and rejected for publication. The submission of
previous reviewer reports will expedite the evaluation process.
Manuscripts that have been presented in a meeting should
be submitted with detailed information on the organization,
including the name, date, and location of the organization.
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Manuscripts submitted to Aquatic Sciences and Engineering
will go through a double-blind peer-review process. Each
submission will be reviewed by at least two external,
independent peer reviewers who are experts in their fields in
order to ensure an unbiased evaluation process. The editorial
board will invite an external and independent editor to manage
the evaluation processes of manuscripts submitted by editors
or by the editorial board members of the journal. The Editor in
Chief is the final authority in the decision-making process for all
submissions.

An approval of research protocols by the Ethics Committee
in accordance with international agreements (World Medical
Association Declaration of Helsinki “Ethical Principles for
Medical Research Involving Human Subjects,” amended in
October 2013, www.wma.net) is required for experimental,
clinical, and drug studies. If required, ethics committee reports
or an equivalent official document will be requested from the
authors.

For manuscripts concerning experimental research on humans,
a statement should be included that shows the written informed
consent of patients and volunteers was obtained following a
detailed explanation of the procedures that they may undergo.
Information on patient consent, the name of the ethics
committee, and the ethics committee approval number should
also be stated in the Materials and Methods section of the
manuscript. It is the authors’ responsibility to carefully protect
the patients’ anonymity. For photographs that may reveal the
identity of the patients, signed releases of the patient or of their
legal representative should be enclosed.

Aquatic Sciences and Engineering requires experimental
research studies on vertebrates or any regulated invertebrates
to comply with relevant institutional, national and/or
international guidelines. The journal supports the principles
of Basel Declaration (basel-declaration.org) and the guidelines
published by International Council for Laboratory Animal
Science (ICLAS) (iclas.org). Authors are advised to clearly state
their compliance with relevant guidelines.

Aquatic Sciences and Engineering advises authors to comply
with [IUCN Policy Statement on Research Involving Species at Risk
of Extinction and the Convention on the Trade in Endangered
Species of Wild Fauna and Flora for research involving plants.

All submissions are screened by a similarity detection software
(iThenticate by CrossCheck).
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In the event of alleged or suspected research misconduct,
e.g., plagiarism, citation manipulation, and data falsification/
fabrication, the Editorial Board will follow and act in accordance
with COPE guidelines.

Each individual listed as an author should fulfil the authorship
criteria recommended by the ICMJE. The ICMJE recommends
that authorship be based on the following 4 criteria:

1. Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data
for the work; AND

2. Drafting the work or revising it critically for important
intellectual content; AND

3. Final approval of the version to be published; AND

4.  Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

In addition to being accountable for the parts of the work he/
she has done, an author should be able to identify which co-
authors are responsible for specific other parts of the work. In
addition, authors should have confidence in the integrity of the
contributions of their co-authors.

All those designated as authors should meet all four criteria
for authorship, and all who meet the four criteria should be
identified as authors. Those who do not meet all four criteria
should be acknowledged in the title page of the manuscript.

Aguatic Sciences and Engineering requires corresponding
authors to submit a signed and scanned version of the authorship
contribution form (available for download through https:/
iupress.istanbul.edu.tr/en/journal/ase/home) during the initial
submission process in order to act appropriately on authorship
rights and to prevent ghost or honorary authorship. If the editorial
board suspects a case of “gift authorship,” the submission will be
rejected without further review. As part of the submission of the
manuscript, the corresponding author should also send a short
statement declaring that he/she accepts to undertake all the
responsibility for authorship during the submission and review
stages of the manuscript.

Conflict of Interest

The journal requires the authors and all individuals taking
part in the evaluation process to disclose any existing or
potential conflict of interest (such as financial ties, academic
commitments, personal relationships, institutional affiliations)
that could unduly influence one's responsibilities. To disclose
potential conflicts of interest, the ICMJE Potential Conflict of
Interest Disclosure Form should be filled in and submitted by
authors as explained in the Author Form of the journal. Cases
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of a potential conflict of interest are resolved within the scope
of COPE Conflict of Interest Flowcharts and ICMJE Conflict of
Interest guidelines

Besides conflict of interest, all financial support received to
carry out research must be declared while submitting the paper.

The Editorial Board of the journal handles all appeal and
complaint cases within the scope of COPE guidelines. In such
cases, authors should get in direct contact with the editorial
office regarding their appeals and complaints. When needed,
an ombudsperson may be assigned to resolve cases that cannot
be resolved internally. The Editor in Chief is the final authority
in the decision-making process for all appeals and complaints.

Copyright Notice

Authors publishing with the journal retain the copyright to
their work licensed under the Creative Commons Attribution-
NonCommercial 4.0 International license (CC BY-NC 4.0) (https://
creativecommons.org/licenses/by-nc/4.0/ ) and grant the
Publisher non-exclusive commercial right to publish the work.
CC BY-NC 4.0 license permits unrestricted, non-commercial
use, distribution, and reproduction in any medium, provided
the original work is properly cited.

Open Access Statement

The journal is an open access journal and all content is freely
available without charge to the user or his/her institution. Except
for commercial purposes, users are allowed to read, download,
copy, print, search, or link to the full texts of the articles in this
journal without asking prior permission from the publisher or
the author. This is in accordance with the BOAI definition of
open access.

The open access articles in the journal are licensed under the
terms of the Creative Commons Attribution-NonCommercial
4.0 International (CC BY-NC 4.0) license.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with
ICMJE-Recommendations for the Conduct, Reporting,
Editing, and Publication of Scholarly Work in Medical Journals
(updated in December 2017 - http://www.icmje.org/icmje-
recommendations.pdf). Authors are required to prepare
manuscripts in accordance with the CONSORT guidelines
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.
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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

e Copyright Agreement Form,

e Author Contributions Form, and

e |CMJE 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:

e Thefulltitle of the manuscript as well as a short title (running
head) of no more than 50 characters,

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

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

e Name, address, telephone (including the mobile phone
number) and fax numbers, and email address of the
corresponding author,

e 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”,
"Resultand Discussion”, "Conclusion" and "References" sections.

Statistical analysis to support conclusions is usually necessary.
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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 (S).

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 currentlevel 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.
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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”, “Resultand 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,
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
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Table 1. Limitations for each manuscript type
Type of Abstract  Reference
manuscript Page word limit limit
Original Article <20 250 40
Review Article <25 250 60
Short Communication <5 250 20

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 notbe embedded in a Word document or
the main document. When there are figure subunits, the subunits
should notbe mergedto form asingle image. Each subunitshould
be submitted separately through the submission system. Images
should not be labeled (a, b, ¢, 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 x 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.
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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 DOl 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 6™ 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.

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;

(Sayiner & 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;

(Cavdar et al., 2003)

Major Citations for a Reference List

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

0““ UN/L

¢ ISTANBUL
o\ )5 UNIVERSITY
ras —  _PRESS

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

e 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

e 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)

e 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.

e 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.
htm!| (accessed 10.10.15)

e 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)

e 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)

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

e 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
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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
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their publication approval is requested within 2 days of their
receipt of the proof.

Editor in Chief: Prof. Devrim MEMIS

Address: istanbul Universitesi Su Bilimleri Fakiiltesi Yetistiricilik
Anabilim Dali Ordu Cad. No:8 34134 Laleli / istanbul, Turkiye
Phone: +90 212 4555700/16448

Fax: +90 212 5140379

E-mail: mdevrim@istanbul.edu.tr
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