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Abstract: This study aimed to assess the toxic effect of the overconcentration
of salt (NaCl) in farmed common carp fish, Cyprinus carpio L. in floating
cages in Al-Saqlawiyah Rgion in Iraq. The salt was used at 13.8% which led to
fish mortality reached to 70% through 96 hours of exposure. The fishes
exhibited lethargy during 10 minutes with abnormal nervous signs and
imbalance swimming with progressive decreases in opercular movement
frequency. The gills appeared as cooked gill lesion with excessive mucus
secretion and congestion in the hepatic, gastrointestinal and kidney tissues.
Microscopical examination of gills showed hyper trophy in both pillar cells and
mucus cells, variable in severity code of both epithelial hyperplasia and
occlusion of lamellar space as well as epithelial cells lifting had been
determined and vacuolar degeneration in hepatic cells with severe multifocal
infiltration of inflammatory cells and necrosis in liver. Histopathological
analysis of kidneys revealed interstitial nephritis while in the intestine, the
microscopic examination exhibited hydropic degeneration of mucoid cells,
hyperplasia of enterocytes and desquamation of the epithelial cells of villi. The
conclusion of this study was that histopathological analysis can be used as
biological indicators for evaluation of effects of NaCl overconcentration in fish
organs.
Keywords: NaCl overconcentration, Cyprinus carpio, Histopathological
alterations

Introduction
The best achievements of modern technologies in fish production is fish cultured
in cages, more common in Iraq and Arab countries, depended on fishes as a protein
for human and animal consumption (Arab Organization for Agricultural
Development, 2013). These type of culture is characterized by rapid growth and
high productivity of healthy and disease-free fishes. In addition, it is a good
production method in areas which are difficult to use fish farming methods
(Mwebaza-Ndawula et al., 2013).
Environmental effects represented 90% from cage problems, mainly physiochemical properties of water and reducing water levels. These could be considered
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as stressor factors affecting fish growth, behavior and immune suppression which
lead to disease (Morales et al., 2005; Masser, 2008).
Chemotherapeutic agents are mainly applied in fish culture to control and
treatment of the diseases. One of them is the salt NaCl, which is defined as
antiparasitic, antifungal and antibacterial agent (Roberts, 2001; Plante et al., 2002).
The Food and Drug Administration (2002) considered the salt as little regulative
potential, anti-stress compound maintains blood electrolyte balance and
homeostasis, improves fish survival, reduces and prevents nitrite and copper
toxicity (Tsuzuki et al., 2001; Kamunde et al., 2005).
These chemical substances are generally producing toxicity because lack of a
weakness of their toxicity levels (King & Farrell, 2002). They may cause changes
in behavioral and respiratory distress as a response to stress (Kane et al., 2005).
Andrews et al. (2002) reported that application of salt at concentration above 1%
was stressful to fishes.
Cytopathological examination is a main biological diagnostic method for
estimation of invisible alterations (Gernhӧfer et al., 2001). Several studies have
been carried out to assess morphological changes in fish gills (Roberts, 2001). So,
the aims of the present study were to evaluate behavior, clinical signs and
microscopic alterations in gills, liver and kidneys of C. carpio reared in floating
cages in Al-Saqlawiyah Region in Iraq exposed to overconcentration of NaCl.
Materials and Methods
Experimental Fishes
Twenty-five fishes (C. carpio) weighed 2 kg ±50 gm were reared in floating
cages (4x3x3) in Al-Saqlawiyah Region in Iraq, the cages were raised to a height of
two meters above the surface of the water, so the height of the water covering the
fish’s body was 30 cm. The net cage was surrounded by a plastic container for
bathing the fish with antiparasitic salt solution at the concentration of 13.8% for
one hour. Samples of treated fish were used to study the histopathological changes
Behavior Observation and Clinical Signs
Abnormal clinical signs and stress behavior (convulsion, hyperactivity,
equilibrium status and mortality rate) were observed as suggested by Benli &
Ayhan (2010).
Histopathological Study
For microscopic examination, samples were taken from lethargy fishes that
exposed to salt overconcentration after 96 hours. Gills, kidneys, liver and intestine
were fixed in 10% neutral buffer formalin for at least 72 hours. The tissue samples
were prepared according to standard histopathological techniques suggested by
Roberts (2001). Then, the tissues were stained with Hematoxylin and Eosin. All
histopathological changes were evaluated and described under light microscope.
The severity code for pathological changes in gills involved lamellar fusion and
epithelial hyperplasia (Darwish et al., 2002) as indicated in Tables 1 and 2.
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Table 1: Severity codes of lamellar fusion (LF) and epithelial hyperplasia (EH) in gill
lamellae exposed to NaCl at 50 kg/cage for 96 hours.
Severity
LF
EH
Code
0
Lamellae without notable fusion
Normal gill epithelial tissues
1

One-third lamellar fusion

2

One-third to two thirds of lamellar fusion

3

Greater than two thirds of lamellar fusion

Increase number (multifocal),
up to 30% with slight inter
lamellar proliferation
Increase number (multifocal)
from 31-60%
Increase number (diffuse) above
61%

Another lesion in gills was cells present in the interfilamentous and inter
lamellar spaces. This lesion is called epithelial lifting. The severity code is
represented in Table 2.
Table 2: Severity code of epithelial lifting (EL) in an interfilamentous and inter lamellar
spaces in gills exposed to NaCl at 50 kg/cage for 96 hours.
Severity code
Ratio of EL (%)
0
30
1
31
2
60
3
<60

Results
Effects of NaCl on Behavioral Response
Fishes were exposure to 50 kg/cage NaCl exhibited lethargy, motionless with
stunned posture during the first 10 minutes. Then, they showed abnormal nervous
signs as darts and abnormal swimming, excitation of some fishes attempted to jump
with gulping swim and increase of air surface respiratory rate (ASR).
One of the most observations in this study was the increased opercular
frequency (OF) at the first half hour of exposure to higher salt concentration, and
then all fishes exhibited progressive decreases in OF which then was not possible
to be determined during the other three hours. During the period of 96 hours of
exposure, the mortality rate (MR) reached to 70%.
Macroscopic Examination
Fishes exhibit veil appearance as a result of excessive slimy mucus secretion
which covered all the body surface and easily loss their scales, severe gill
congestion with thick mucus layer on it with dead necrotic tissues which appeared
as cooked gill lesions, while moderate to severe congestion in hepatic,
gastrointestinal and kidney tissues.
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Microscopic Examination
All examined carps, treated with high concentration of salt, exhibited the most
common pathological alteration which was variable in severity code. The severity
of lamellar fusion and epithelial cells lifting was determined. In comparison with
the normal gill structure (Fig. 1), the severity of lamellar fusion and epithelial cells
lifting ranked between codes 2 to 3 for lamellar fusion and 0 and 3 code for
epithelial cells lifting with hyper trophy of pillar cells (Figs. 2 & 3).
Severity code of lamellar hyperplasia had been evaluated in this study, which
was 3 grades as well as hyperplasia and hyper trophy of mucus with hydropic
degeneration of chloride cells, increase infiltration of inflammatory cells and total
occlusion of inter lamellar spaces (Fig. 4) as well as vacuolar degeneration in
mucus cells (Fig. 5).
Also, there were variable degrees of hydropic degeneration from moderate to
severe in hepatocytes (Fig. 6) accompanied with necrosis in hepatic tissue with
severe multifocal infiltration of inflammatory cells (Fig. 7), while histopathological
changes in intestine of fishes exposed to high salt concentration revealed necrosis
in muscular layer, infiltration of inflammatory cells with hydropic degeneration of
mucoid cells with hyperplasia of enterocytes and total occlusion of inter villi space.
Also, there was sloughing of epithelia cells and lifting to intestinal lumen (Fig. 8).
One of the most important osmoregulatory organs in fishes are the kidneys, as
they exhibit more severe histopathological alteration characterized by severe
interstitial nephritis, coagulative necrosis and tubular kidney structure was lost with
glomerular atrophy which accompanied with dilated Bowman’s space (Fig. 9).

Figure 1: Normal gill structure of C. carpio showing lamellae (L) space between lamellae
(thick row) and lamellar epithelial cells (narrow arrow) with pillar cells (white
dotted arrow). Hematoxylin-Eosin (1.9 x 10X).
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Figure 2: Gill structure of C. carpio exposed to 13.8% of NaCl after 96 hours showing
severe epithelial lifting (thick red arrow code) and lamellar fusion code 2 (*) with
hypertrophy of pillar cells (red-dotted arrow). Hematoxylin-Eosin (1 x 40X).

Figure 3: Gill structure of C. carpio exposed to 13.8% of NaCl after 96 hours showing
severe epithelial lifting (thick red arrow) code 3 and hyper trophy of pillar cells
(red-dotted arrow). Hematoxylin-Eosin (1 x 40X).
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Figure 4: Gill structure of C. carpio exposed to 13.8% of NaCl after 96 hours showing
lamellar filament (LF), occlusion of inter lamellar space (thick arrow code 3),
hyperplasia of mucus cells (red star) and hydropic degeneration of chloride cells
(red dot arrow) with infiltration of inflammatory cells (red arrows). HematoxylinEosin (1.9 x 10X).

Figure 5: Gill structure of C. carpio exposed to 13.8% of NaCl after 96 hours showing
vacuolar degeneration of mucus (red dotted arrow) with infiltration of
inflammatory cells (red arrow). Hematoxylin-Eosin (1 x 40X).
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Figure 6: Liver of C. carpio exposed to 13.8% of NaCl after 96 hours showing hydropic
degeneration (red arrows). Hematoxylin-Eosin (1 x 40X).

*

*

Figure 7: Liver of C. carpio exposed to 13.8% of NaCl after 96 hours showing necrosis
(red stars) with multifocal infiltration of inflammatory cells (thick red arrows).
Hematoxylin-Eosin (2 x 10X).
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Figure 8: Intestine of C. carpio exposed to 13.8% of NaCl after 96 hours showing necrosis
of muscular layer (red star), infiltration of inflammatory cells (red arrows),
hydropic degeneration (black star) of mucoid cells, hyperplasia of enterocytes
(red dotted arrow) and desquamation of the epithelial of villi (black arrow).
Hematoxylin-Eosin (1 x 10X).

*
*

*
Figure 9: Kidney of C. carpio exposed to 13.8% of NaCl after 96 hours showing
coagulative necrosis (red arrow), interstitial nephritis (red star) and atrophy of
glomerular atrophy (black star) with dilated Bowman’s space (black dotted
arrow). Hematoxylin-Eosin (2.6 x 10X).

Discussion
Freshwater fishes are stenohaline which have the ability to tolerate salinity in
aquatic environment at low concentration, but when they suddenly transferred to
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high salinity environment, they exhibited physiological changes and showed high
mortality as a result of osmotic shock (Mubarik et al., 2019). From the results of
this study, the mortality rate (MR) reached 70% after fish exposure to 13.8% of
NaCl as during the first half hour to 96 hours of exposure. These results are in
agreement with Hassan et al. (2013) who reported MR 100% in tilapia
(Oreochromis sp.) exposed to salinity as 35 ppm. These may be due to osmotic and
ionic regulatory losses. These mechanisms involve loss of water with concentrated
plasma ions (Na+, K+, Cl-) and with collapse and fish death (Koeypudsa &
Jongjareanjai, 2011).
These variation in MR may depend upon fish age, species, and physiological
status as well as on water column content from organic and inorganic materials. In
addition to that ability of fishes to be acclimated to hyperosmotic environments
experienced in two phases: Firstly, crisis phase in which there is an increase loss of
water through gill-ion influx and elevated plasma ion and secondly due to
regulatory or survival phase in which the ability of body fluid and function return
to normal and plasma ion balance are restored (Evans et al., 2005).
Fish behavior plays important role as a bio-indicator of stress associated with
exposure to toxic materials such as NaCl in which fishes have the ability to tolerate
it at low concentration and loss these ability at high concentration (Al-Taee & AlHamdani, 2014). So, some of the present revealed investigation included abnormal
behavior, nervous signs and hyperactivity, which are similar to findings
demonstrated by Al-Taee (2007) in C. carpio when exposed to salt at a
concentration of 1.5 ppm for 24 hours. High concentration of NaCl in aquaculture
leads to hypernatremia which results from excessive uptake of Na+ through apical
membrane of gill epithelial tissue. Hypernatremia leads to hyper osmolality with
loss of water from brain cells which caused shrinkage and lead to altering synaptic
function (Castilla-Guerra et al., 2006).
Also, there was a respiratory distress represented by increase of opercular
frequency (OF) as adaptive mechanism to salt concentration in aquatic environment
(De Boeck et al., 2000). The reduction of OF is in agreement with the result
obtained by Velasco-Santamaría & Cru-Casallas (2008). These may be due to
reduction of salt uptake. Other adaptive mechanisms included excessive mucus
secretion to reduce the salt toxicity, but they reduce oxygen intake, and hence
fishes swim near water surface to increase oxygen intake (Soares et al., 2006).
Histological alteration in different organs give indicator about negative effects
of xenobiotic impact (Yancheva et al., 2016). Gills are important organs to assess
fish health and quantify aquatic environment. Gills have biological function in
acid-base balance in fresh and marine water fishes (Strzyzewska et al., 2016).
In this study, when fishes were exposed to high NaCl concentration (13.8%),
many pathological lesions had been detected in gills such as hypertrophy and
hypersecretion of mucus cells and epithelial hyperplasia. These results are in
agreement with Velasco-Santamaría & Cruz-Casallas (2008). It could be as a result
of physiological functional compensation and considered as protective response to
toxic irritants.
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Severe damage in gill epithelial tissue leads to tissue hypoxia and increase
capillary permeability and blood circulatory changes which lead to edema and
severe epithelium lifting and lamellar damage (Roberts, 2001).
Liver is a vital organ for both metabolism and detoxification as well as it has a
large blood supply which causes toxicant exposure (Mohamed, 2009). In the
present study, the toxic pathological effects of NaCl were clear in the liver which
were characterized by vacuolar degeneration and multifocal infiltration of
inflammatory cells with necrotic area. Such lesions were represented in mrigal carp
(Cirrhinus mrigala) as demonstrated by Velmurugan et al. (2007).
These alterations were resulted due to the denaturation of regulation of ATPase,
which directly affecting or indirectly resulting from the processes for cellular
energy transfer disruption, which led to impair ion regulation, inhibition of enzyme
activity and changes in protein synthesis (Rajeshkumar & Munuswamy, 2011).
Intestine, kidneys and gills in fishes are main organs for elimination and
preservation of the acid-base balance of body fluid (Ojeda et al., 2003). So, fish
exposure to high concentration of sodium chloride causes histopathological
changes. This result is in agreement with observation of Qin et al. (2017) who
reported shrinkage of intestinal villi and pathological changes in C. carpio exposed
to high dose (5%) of NaCl.
The kidneys in fishes, as in vertebrates, has important function due to
electrolyte, osmotic balance and keeping stable internal environment. Additionally,
they receive largest blood vessel supply so renal lesions which are considered as a
good pointers of environmental contamination (Cengiz, 2006; Kurtović et al.,
2008). So, fish exposure to high NaCl concentration leads to coagulative necrosis
and interstitial nephritis with glomerular atrophy. All these changes can result from
cell injury in the gills, which led to hypoxia. These cause disturbances in
mitochondrial activity and decrease ATP and Na pump which led to increase Na+
and Ca+2 influx and efflux of K+. As a result of consequence events, the hydropic
degeneration, loss of villi, abnormality of cell membrane permeability led to tissue
death (Zachary, 2017). It is concluded from this study that the use of NaCl in fish
farms is within the permissible limits, it also concludes that the indiscriminate use
of salt without relying on correct scientific methods may lead to physiological
problems in fish that may lead to their death and the occurrence of
histopathological changes, which are biological evidence for evaluate toxicity in
the aquatic environment.
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Effect of Bacillus polymyxa as Wild or Mutant by UV and
Diagnosed with PCR on the Available Phosphate Fertilizer in
Calcareous Soils and Growth Yield of Corn (Zea mays L.)
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Abstract: An agricultural experiment was conducted to study the effect of corn
seeds inoculation with mutant, wild or mixed of them together of locally isolate
of Bacillus polymyxa on the availability of phosphorus, growth and yield of
corn (Zea mays L.) when it was planted in silty clay and loamy sand soils with
the addition of four levels of triplsuperphosphate fertilizer (0, 50, 75 and 100
kg p/ha). B. polymyxa isolate was exposed to UV rays for 60 minutes to obtain
mutagenic bacteria. Results showed that inoculation with wild isolate with 75
or 100 kg p/ha gave the best value for plant height, shoot dry weight,
phosphorus concentration in the vegetative part and available phosphorus in the
soil after planting. Inoculation with mutagenic isolate bacteria gave the value
of 69.37 cm, 6 g/pot, 43.49 mg/pot and 27.52 mg/kg soil for plant height, shoot
dry weight, phosphorus absorbed in vegetative part and available phosphorus,
respectively when it planted in loamy sand or silty clay soil. On the other hand,
the percentage of increase of the effect of phosphate fertilization levels was
47.82%, 39.70%, 75.53% and 73.46% in loamy sand soil and 46.74%, 56.96%,
85.33% and 53.12% in silty clay soil, respectively.
Keywords:

Sustainable agriculture,
Mutagenesis
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Biofertilizers,

Introduction
In view of the steady increase in population numbers, which is expected to reach
nine billions within the year 2025, the provision of quantities of food, especially
strategic crops such as grains is required. This in return needs to provide good
scientific management of soil and water. Fertilization is one of the most important
requirements for the success of the agricultural process and ensuring good growth.
It has an acceptable economic return.
Phosphate fertilization tops the fertilization process after nitrogen because its
phosphorus is of great importance in plant life as it enters in the synthesis of nucleic
acids that play a major role in the plant's enzymatic reactions such as DNA, RNA,
tRNA and Ribosomal RNA as well as in the synthesis of enzymes
Received Nov. 21, 2020, accepted Jan. 26, 2021
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necessary for energy reactions, including respiration and plant photosynthesis
(Mengel & Kirkby, 2001). Phosphate fertilization in soils generally and calcareous
soils is exposed to several obstacles that decrease its availability to the plant due to
the presence of calcium and calcium carbonates in addition to the alkalinity pH of
the soil. Some studies have shown that the efficiency of phosphate fertilizers does
not exceed 50% (Haran, 2019). This prompted studies and research since ancient
times to use natural biological inoculation present in the area of root growth, such
as bacteria, fungi, algae and others with a highly specialized ability to convert
phosphorous added, or already present in the soil from a precipitated form to a
soluble form available for absorption by the plant through several mechanisms
including the secretion of organic acids, such as lactic acid, citric acid, oxalic acid
and others, or through excretion of mineral acids (Al-Zougbi et al., 2007).
The biological fertilization has proven its efficiency in increasing the efficiency
of phosphorus available for plants (Mustafa, 2019). Adding biological inoculation
to the soil improves its physical, chemical and fertility properties, including
phosphorous and nitrogen availability of micro-nutrients and the ability of the soil
to retain water (Al-Mousawi et al., 2017). On this basis, biotechnological studies
have sought to develop the performance and efficiency of these organisms present
in the soil by a change in the genetic material of the nucleotides on the DNA strand,
which is known as genetic mutations that aim to stimulate the secretion of
decomposing enzymes, hormones and organic acids (Baker et al., 2019). Some
recent biotechnology studies showed that mutagenic and genetically improved
bacteria produce many metabolites, such as cytokinins and riboflavin as well as
phytohormones such as gibbrllin and in more quantities than normal bacteria. This
is as a result of induced mutations that led to an improvement in its functional
performance and consequently the growth of the shoots and roots and its extension
number for water and the nutrients present in the soil solution including the
phosphorous (Jabbar, 2018).
Jasim & Thiab (2009) showed that improving and developing the efficiency of
Pseudomonas aeruginosa in the production of alginate (a product of alginic acid)
after exposure to ultraviolet rays of 10, 8, 6, 4 and 2 J/m indicated that mutating
bacteria, with ultraviolet rays, led to an increase in their ability to produce alginate
by obtaining continuous bacterial mutations in its high productivity of lignite
compared to normal isolates. Baker et al. (2019) conducted their study for
quantitative multiplication of the two isolates, the two local mutagens Beauveria
bassiana and Metarhizium anisopliae. They indicated the improvement of their
biological efficiency with ultraviolet rays. Abbas & Hameed (2006) also indicated
the improvement of the production of indole acetic acid, from two mutated isolates
of Trichoderma harzianum by using ultraviolet rays. Improving the productivity of
mutagenic isolates and their high ability to secrete the growth regulator IAA was
reflected in the biological evaluation of wheat seeds and maize. This led to an
increase in the rates of seedling growth index/ cm in a highly significant manner.
Also, the mutagenic isolates tolerated high concentrations of the fungicide which
reached 1000 ppm compared to the normal non-mutagenic isolate.
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The aims of the present study include the followings:
1- Explain the role of inoculation with B. polymyxa, locally mutated with UV rays
as well as the role of regular inoculation with wild and mutagenic bacteria in
increasing the availability of phosphorus from superphosphate fertilizer, and its
reflection in improving the fertile level of loamy sand and silty clay soils to
increase yield of corn (Zea mays L.)
2- Explain the role of biotechnology in increasing the fertility level of the soil by
using of molecular genetics technology and its role in developing the efficiency of
bacteria, reducing the dose of mineral phosphate fertilization and avoiding the
addition of material burdens for farmers as well as its negative effects on soil
health.
Materials and Methods
Plants and rhizosphere soil samples were collected from different farms and
regions within the geographical area of Basrah Province to isolate B. polymyxa
depending on the cultural and biochemical characteristics. Approximately two g
of soil was scraped from the roots of each sample and deposited into sterile tubes
containing 10 ml of sterile deionized (DI) water. Each test tube was vortexed
thoroughly and a series of 1/10 ml -1/108 ml was completed preparation, put two g
of soil in first test tube 1/10 ml and shacked well for three minutes. One ml from
1/10 ml to 1/102 ml was transferred while continuing to shake and this process
was repeated until reaching to 1/108 ml. The Pikovskaya (PVK) media contained
(in g/l) 10 glucose, 0.5 yeast extract, 0.5 (NH4)2SO4, 0.1 MgSO4.7H2O, 5 Ca3
(PO4)2, 0.2 KCl, 0.002 MnSO4.2H20, 0.002 FeSO4.7H2O and 15 g agar. After that,
this medium was put in an autoclave at a temperature of 121 °C and a pressure of
15 bar. One ml from each 1/105 ml, 1/106 ml, 1.107 ml and 1.108 ml was taken and
put in Petri dishes contained with PVK media and incubated at 30 °C for up to
seven days. After that, bacteria colonies were purified by mapping them in a new
PVK media depending on the cultural and biochemical characteristics.
Mutating of bacterial isolates by UV rays was done by taking one dish from
each pure bacterial isolate. As the dish was opened, it was exposed to ultraviolet
rays away, 30 cm from the light source. The wavelength was 254-255 nm. Then,
the dishes were incubated after their exposure to different periods of radiation
time (15, 30, 45 and 60 minutes). The ultraviolet was then taken in a volume
known as a loop full of UV treated isolates were transferred to a solid slanted
culture media (nutrient agar). It was incubated for 3-4 days at a temperature of 30
°C.
Characterization of Isolates
All isolates were genotypically characterized by cloning and sequencing the 16S
rRNA. Briefly, the genomic DNA from a pure culture of each isolate was extracted
and purified for PCR amplification of the 16S rRNA (Fig. 1) notes bundle of DNA
extraction from bacteria dissolving phosphate which confirm purity by Nano Drop

179

Hassan & Khairallah

at percentage A280/A260 for ten isolate, it was 1.8 as aguid to the best purity, and
bundle amplification of PCR was a molecular weight 308 bp.

Figure 1: Amplification products of the DNA of the piece 308 bp to B. polymyxa,
electrophoresis product PCR.

Isolate of wild or mutagenic of B. polymyxa were grown in nutrient agar media
in test tubes and harvested after 24 hours with concentration of 1.5 x 108 cell/ml.
The isolates were grown in the PVK liquid medium and measured by
spectrophotometer for each inoculums and added to 150 ml sterile distilled water to
prepare the inoculum. The inoculation treatment was divided into four sections;
without inoculation (B0), inoculation with wild isolate (BW), inoculation with
mutagenic isolate (BM) and inoculation with both wild isolates and mutagenic
(BWM). The purpose of mixing two inoculation together was to reach the
maximum dissolving amount and reduce added mineral phosphate fertilizer. After
sterilizing corn seeds more than once with 95% ethyl alcohol and washing three
times with distilled water, they were wet with Arabic gum then, inoculated and well
mixed with the inoculum and prepared for the pot experiment.
The pot experiment was conducted on two types of soils of different textures.
The first soil represented a loamy sand and under the order Pasamments and order
Entisol taken from a farm in the Al-Barjisia area, Al-Zubair District in Basrah
Province. The second soil was a silty clay, classified under a super group Typic
torri fluvents (Al-Atab, 2008), and the latter soil was taken from a farm in the
Hamdan area, Abu Al-Khasib District in Basrah Province.
Each soil was air dried, grinded and pass through a sieve of 2 mm to determine
the physical, chemical and biological properties of the two soils before planting, as
shown in Table 1.
Measurements of pH, EC, organic matter, CEC, sodium, potassium and
dissolved sulfate ions, available potassium and phosphorous were done according
to Page et al. (1982), while calcium, magnesium, carbonates, bicarbonates and
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dissolved chloride ions according to Richards (1954) and minerals carbonate
according to Jackson (1985). Available nitrogen was according to Bremner &
Edwards (1965). Selecting the separations of soil texture, total bacteria in soil,
fungi numbers, and numbers of phosphate-dissolving bacteria was according to
Black (1965).
Table 1: Some physical, chemical and biological characteristics of the two types of soils
before planting.
Characteristics
Unit
Al-Burjisia
Abu Al-Khasib
soil
soil
pH
7.1
7.5
Electrical conductivity(EC)
Ds/m
4.5
5.6
Cationic exchange capacity(CEC)
C mol+/kg soil
5.39
10.67
Total carbonates
g/kg
125.63
356
Organic matter
g/kg
1.45
2.41
Dissolved cation ions
Calcium
9.00
11.06
Mmol/l
Magnesium
5.7
7.12
Potassium
1.20
3.10
Sodium
9.58
12.02
Dissolved negative ions
Carbonates
0.00
0.00
Mmol/l
Bicarbonate
2.10
5.09
Sulfates
14.44
16.10
Chloride
6.11
9.26
Total nitrogen
0.052
0.072
Mg/kg
Available
Nitrogen
0.015
0.025
elements
Phosphorus
0.010
0.012
Potassium
0.055
0.075
Soil texture separations
Sand
679.63
30.2
Gk/g soil
Silt
200.15
437.70
Clay
120.22
532.1
Class texture
Loamy sand
Silty clay
Total bacteria
106×2.3
106×5.4
4
CFU/g soil
Fungi
10 ×2.8
104×25.57
6
Phosphate dissolving bacteria
10 ×0.20
106×3.51

Experimental Factors
The study included the following factors:
Two soil type (loamy sand and silty clay soil)
Four phosphate fertilizer levels (0, 50, 75 and 100 kg p/ha)
Four inoculums types (without inoculation B0, inoculation with wild bacteria BW,
inoculation with mutagenic bacteria BM and inoculation with mixed of BW+BM.
Three replicates, so the total experimental units =96.
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Half of the dose of urea was added according to the recommendation of
fertilizers. Adding the urea fertilizer (46% nitrogen) was with a recommendation of
300 kg N/ha and by 0.35 g/pot with two parts; one part before planting and the
other part a month after planting. Potassium fertilizer, in the form of potassium
sulfate (43% K2O) was with a recommendation of 180 kg K/ha at 0.19 g pot/ha, as a
one dose before planting. The levels of phosphate fertilization was added as a one
dose before planting. It was 0, 50, 75 and 100% of the fertilizer recommendation of
130 kg P/ha triple superphosphate fertilizer (P%21). So, the phosphate fertilization
treatments became as follows:
- 0% without any addition of triple superphosphate fertilizer.
- 50% with fertilizer at 0.034 g/pot.
- 75% with fertilizer at 0.039 g/pot.
- 100% with fertilizer at 0.068 g/pot.
After 60 days of planting, the plants were harvested. The characteristics which
were studied included plant height, dry weight of vegetative part, amount of
phosphorous absorbed in vegetative part and available phosphorous in soil after
planting. These were estimated according to Page et al. (1982). Numbers of B.
polymyxa CFU in the soil, after planting, was according to Black (1965).
Statistical Analysis
The experiment was statistically designed with three replications as a factorial
experiment by using Complete Randomized Design (CRD). Analyzing the data was
by using the statistical program (SPSS). The averages of the coefficients was
compared by using the test of the least significant difference rate (RLSD) at a
probability level of 0.05 (Al-Rawi & Khalafallah, 2000).
Results and Discussion
Plant Height (cm)
The results of Table 2 and the statistical analysis indicated that there was a
significant effect (LSD 0.05) for the inoculation with B. polymyxa, whether wild,
mutagenic or mixed together, and phosphate fertilization level in the plant height in
the loamy sand and silty clay calcareous soils. This is because the added phosphates
alone are exposed to the process of adsorption and sedimentation, and their
conversion into insoluble compounds that are not beneficial to the plant, as when
the bacteria dissolving phosphates added, plant was maximum beneficial from the
added mineral fertilizer. In loamy sand soils, an increase in the rate of plant height
was from 45.75 cm when not inoculated (B0) to 58.52, 69.37 and 79.35 cm when
inoculated with wild, mutagenic bacteria or mixing them together, respectively with
an increase of 73.8% compared to non-inoculation treatment (B0). The statistical
analysis indicated that adding levels of phosphate fertilization (P0, P50, P75 and
P100) had a significant effect on the rate of plant height in sandy soils, as the rate
was increased from 50.60 cm at the level P0 to 58.45, 68.93 and 74.80 cm at the
levels of P50, P75 and P100, respectively with an increase of 47.82% compared to
the comparison level P0.
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The statistical analysis showed that there was a significant effect of the
interaction between the type of inoculation and the level of phosphorus fertilizer.
The highest value reached 95.96 cm in the treatment of BWM with a fertilizer level
of P100 in comparison with the lowest value for the treatment without inoculation
and without fertilizer, was 36.46 cm/pot. As for clay soil, the results showed a
significant effect of inoculation with bacteria whether wild or mutagenic, or mixing
them together in the effect on the rate of plant height. It was increased from 55.54
cm/pot when compared (non- inoculation B0) to 68.23, 77.20 and 89.06 cm/pot for
inoculation whether wild or mutagenic, or mixing them together, respectively with
an increase of 60.35% compared to non- inoculation (B0).There was a significant
effect on the rate of plant height with increasing levels of phosphate fertilizer in
clay soils. The rate of plant height increased from 57.23 cm at P0 level
(comparison) to 71.26, 79.80 and 83.98 cm levels for P50, P75 and P100,
respectively with an increase of 46.74% compared to no addition (P0). Also, it was
noticed that there was a significant effect of the bilateral interference between the
type of inoculation and the level of phosphorus fertilizer as it reached the highest
value of 101.8 cm in the inoculation treatment BWM with the fertilizer level P75
compared to the lowest value when it compare with the treatment without
inoculation and without phosphate fertilizer as it reached 45.1 cm.
The increase in plant height in the treatments of bacterial inoculation whether in
loamy sand soil or silty clay soil, may be attributed to the role of these bacteria, by
dissolving phosphates and increasing the available of phosphorous as well as its
ability to secrete stimulant substances such as phenols, gibberellins and cytokines
that encourage growth due to increase in the absorption of nitrogen, phosphorus and
potassium will then result in an increase in plant height (Mustafa, 2019).
As inoculated treatments with bacteria mutagenic by UV and genetically
improved, the plant height values exceeded compared to the inoculated treatments
with wild bacteria in sandy and clay soils. This may be attributed to the occurrence
of mutations induced in bacteria, which improved its performance, effectiveness
and metabolic processes. Hence, it encourages the absorption of nutrients,
especially phosphorous, which contributes to improving plant growth, functional
performance and encouraging the absorption of water and various nutrients from
the soil. These are positively reflected on plant height and growth (Turki et al.,
2010). The secretion of growth regulators in the soil plays an important role in plant
cell division, elongation and stimulation of root capillaries on nutrient absorption
(Richa et al., 2007). The superiority of plant height values in the inoculated
treatments by wild and mutagenic together due to the increase in bacterial density,
whether normal or mutagenic, in the rhizosphere soil as well as the ability of nonmutagenic and mutagenic bacteria to dissolve phosphate and secrete growth
regulators in a good way and in large quantities which improve soil fertility and
increase plant growth (Jabbar, 2018).
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Table 2: The effect of inoculation with B. Polymyxa wild, mutagenic, mixing them together
and levels of phosphate fertilization on the plant height of the corn (cm).
Loamy sand soil
Bacterial
Levels of phosphate fertilization
Rate
inoculation
P0
P50
P75
P100
B0
36.46
46.43
43.5
56.6
45.75
BW
45.6
55.16
65.33
68
58.52
BM
57.36
69.86
71.96
78.33
69.37
BWM
53.03
72.18
94.96
95.96
79.35
Rate
50.60
58.45
68.93
74.80
Silty clay soil
Bacterial
Levels of phosphate fertilization
Rate
inoculation
P0
P50
P75
P100
B0
45.1
51.26
95.1
66.7
55.54
BW
55.36
66.1
69.63
81.83
68.23
BM
62.83
78.56
88.7
87.73
77.20
BWM
65.66
89.13
101.8
99.6
89.06
Rate
57.23
71.26
79.80
83.98
Texture
0.171
Texture × Type
ns
inoculation
Inoculation type
0.342
Texture × P Level
ns
LSD 0.05
P Level
0.342
Type inoculation
1.441
× P Level
Texture × inoculation type × P Level
3.180

The increase in plant height, when inoculated with wild or mutagenic bacteria or
together, whether in loamy sand or silty clay soil by increasing levels of phosphate
fertilizer addition is may be due to the direct role of phosphorus when it is available
in the fertilizer as well as to its absorption by the plant and its role within the plant
from the division of plant cells and the spread of roots and their absorption of
nutrients and biological building processes through energy compounds and
physiological processes, and hence an increase in plant growth and height (Amruth
et al., 2017).
Shoot Dry Weight (g/pot)
Table 3 and the statistical analysis indicated that there was a significant effect
(LSD 0.05) for by the inoculation of B. polymyxa whether wild, mutagenic or
mixed together, and phosphate fertilization levels in the dry weight of the
vegetative part of the maize in the loamy sand and silty clay calcareous soils. In
sandy soils, an increase in the average dry weight of the vegetative fraction ranged
from 3.28 g/pot when not inoculated (B0) to 5.15, 6 and 6.04 g/pot when
inoculation with wild, mutagenic bacteria or mixing them together, with an
increase of 84.14% compared to the non-inoculation treatment (B0).
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The addition of phosphate fertilizer (P0, P50, P75 and P100) had a significant
effect on the average dry weight, as the rate increased from 4.13 g/pot at the P0
level to 5.10, 5.46 and 5.77 g/pot at the levels of P50, P75 and P100, respectively
with an increase of 39.70% compared to the control level P0. The statistical
analysis showed that there was no significant effect of the bilateral interaction
between the type of bacterial inoculation and the levels of phosphate fertilizer.
For silty clay soil, the results showed a significant effect of inoculation with
bacteria, whether wild or mutagenic, or mixing them together, in the effect on the
rate of dry weight of the vegetative part which increased from 4.48 g/pot when
compared with non-inoculation (B0) to 5.91, 6.97 and 8.14 g/pot for the
inoculation, whether wild or mutagenic or mixing them together, respectively with
an increase of 81.69%, compared to the non- inoculation (B0). Also, adding levels
of phosphate fertilization (P0, P50, P75 and P100) had a significant effect on the
dry weight rate of the vegetative part, increased the rate of dry weight of the
vegetative part from 4.88 g/pot at the level P0 (comparison) to 5.62, 7.34 and 7.66
g/pot for the levels of P50, P75 and P100, respectively with an increase of 56.96%
compared to no addition (P0). The results showed that there was no significant
effect of the interaction between the type of bacterial inoculation and the levels of
phosphate fertilizer.
The reason of increasing the dry weight in the vegetative part of the inoculated
treatments with wild bacteria, whether in loamy sand or silty clay soil, may due to
the ability of B. polymyxa to dissolve phosphorus through plant secretions of
metabolites in the root area and in the role of organisms dissolving phosphates and
increasing the readiness of phosphorous or to form hydroxyl acids produced by
bacteria dissolving phosphates. Such results are in agreement with Hassan (2011)
and Jabbar (2018). The values of dry weight of the vegetative part were increased
in the treatments inoculated with mutagenic bacteria, compared to the treatments
inoculated with wild bacteria. This may be attributed to the mutations induced in
the B. polymyxa that led to an improvement in its ability to dissolve phosphate as a
result of its functional activity, especially under conditions of calcareous soils that
lack in its available phosphorus. The increase in the dry weight in the vegetative
part of the treatments inoculated with mutagenic bacteria indicated an increase in
the secretion of growth regulators that promote hydrolytic enzymes which are
reflected in the decomposition of the food stock (Hassan, 2015). The results showed
the superiority of the inoculated treatments, with the wild and mutagenic together,
in the dry weight of the vegetative part of the maize compared to the single
inoculation. This may due to the high density of bacteria that have vital activities in
the rhizosphere and the ability of the dissolving phosphate bacteria to increase the
availability of the nutrients (N, P, Zn, Cu, K, S, Mn, Ca and Fe) which are of great
benefit to the plant. The joint inoculation with levels of mineral fertilizer
contributed to increasing the dry weight in the corn and because B. polymyxa, wild
and mutagenic together, encouraged the production of organic acids which reduced
soil pH and thus increased the availbility of important plant nutrients such as
nitrogen and potassium phosphorous (Naser, 2016).
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Table 3: The effect of inoculation with B. polymyxa wild, mutagenic, mixing them
together and levels of phosphate fertilization in the shoot dry weight.
Loamy sand soil
Bacterial
Levels of phosphate fertilization
Rate
inoculation
P0
P50
P75
P100
B0
2.49
3.16
3.32
4.16
3.28
BW
3.67
4.83
5.94
6.16
5.15
BM
5.28
6.15
6.22
6.35
6
BWM
5.11
6.27
6.38
6.42
6.04
Rate
4.13
5.10
5.46
5.77
Silty clay soil
Bacterial
Levels of phosphate fertilization
Rate
inoculation
P0
P50
P75
P100
B0
3.22
3.68
5.48
5.55
4.48
BW
4.52
5.19
6.88
7.06
5.91
BM
5.81
6.66
7.58
7.83
6.97
BWM
5.97
6.98
9.44
10.20
8.14
Rate
4.88
5.62
7.34
7.66
Texture
0.032
Texture × Type
ns
RLSD 0.05
inoculation
inoculation type
0.065
Texture × P Level
0.138
P Level

0.065

Texture × inoculation type × P
Level

Type inoculation × P
Level
ns

ns

The increase in the dry weight of the vegetative part of the plant by increasing
the levels of added phosphate fertilizer is due to the increase in the amount of
available phosphorous in the soil, which led to the formation of a good root group
able to absorb nutrients and transport them to the vegetative parts of the plant
(Mustafa, 2019).
Uptake Phosphate of Shoot Plant (mg/pot)
Table 4 and the statistical analysis indicated that there was a significant effect
(RLSD 0.05) of inoculation with B. polymyxa, whether wild, mutagenic or mixed
together. In loamy sand soil, the increase in the amount of phosphorus absorbed in
the vegetative part was from 24.10 mg/pot when not inoculated (B0) to 29.03,
43.49 and 47.37 mg/pot when inoculation with wild, mutagenic or mixing bacteria
together, with an increase of 96.63% compared to the non-inoculation treatment
(B0). Adding levels of phosphate fertilizer (P0, P50, P75 and P100) had a
significant effect on the rate of phosphorus absorption in the vegetative part, as the
rate increased from 18.84 mg/pot at the level P0 to 29.99, 43.27 and 51.91 mg/pot
at levels P50, P75 and P100, respectively with an increase of 75.53% compared to
the control treatment P0. The statistical analysis showed a significant effect of the
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control treatment between the type of inoculation and fertilizer levels of
phosphates. The highest value of the absorbed quantity of phosphorus was 68.27
mg/pot when treating with BWM and level P100, compared to the lowest value
when compared to treatment without inoculation and without fertilizer as it reached
9.11 mg/pot.
Silty clay soil showed a significant effect of inoculation with bacteria, whether
wild or mutagenic or mixing them together, in affecting the average amount of
phosphorus absorbed in the vegetative part. The amount increased from 28.58
mg/pot when compared (non-inoculation B0) to 37.02, 51.59 and 57.12 mg/pot for
inoculation, whether wild or mutagenic or mixing them together, respectively with
an increase of 96.86% compared to non-vaccination (B0). Adding levels of
phosphate fertilization (P0, P50, P75 and P100) had a significant effect on the rate
of amount of phosphorus absorbed in the vegetative part. The rate amount of
phosphorus absorbed in the vegetative part increased from 30.11 mg/pot at the level
P0 (comparison) to 38.49, 51.03 and 57.01 mg/pot for P50, P75 and P100,
respectively with a percentage increase which reached 85.33% compared to P0.A
significant effect of the bilateral interaction between the type of inoculation and the
levels of phosphate fertilizer was shown. The highest value of the amount of
absorbed phosphorus reached 71.22 mg/pot when treatment BWM and the level
P100 compared to the lowest value for the treatment of without inoculation and
without fertilizer (16.15 mg/pot).
The plant secretions of metabolites in the root area and in the presence of
phosphate dissolving bacteria led to the improvement of various soil characteristics
as well as the increase of phosphorous solubility. The hydroxyl acids, produced by
these bacteria, can be complexed with calcium and increase the availbility of
phosphorous as well as reduce soil pH due to substitution of negatively charged
organic acids of phosphorus associated with minerals and oxides which leads to the
release of phosphorus into the soil solution. These results agreed with FincheiraRobles et al. (2016) and Amruth et al. (2017).
Values of phosphorus absorbed in the vegetative part of the plant were higher in
the treatments inoculated with mutagenic bacteria, compared with treatments wild
bacteria. This is attributed to the fact that bacteria dissolve phosphates, mutagenic
inoculation increased available phosphorous in the soil and improved growth which
led to an increase in the chance of phosphorus uptake by the plant. As showed by
Chaichi et al. (2015), increased phosphorous in the vegetative part for the plant by
the action of phosphate dissolving bacteria is due to the increase in the area of the
root system, which is in greater contact with the phosphate ions, or due to the role
of the mutagenic bacteria that dissolve phosphates and produce an active and stable
vegetative growth since the beginning of the season. Such production increases the
ability of the plant to absorb phosphorous. As the treatments inoculated with wild
and mutagenic bacteria together, the results showed an increase in the amount of
phosphorus absorbed in the vegetative part of corn, compared to single inoculation.
This is may be due to the effect of that the mutagenic bacteria, which genetically
improved and reduce the pH of soil rhizosphere through the secretion of abundant
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and varied quantities of organic acids and growth hormones, in addition to their
efficiency in dissolving phosphates, unavailable through acidification, chelation and
ion exchange (Al-Taii & Dhahi, 2014; Jabbar, 2018).
Table 4: The effect of inoculation with B. polymyxa wild, mutagenic and, mixing them
together and levels of phosphate fertilization in the absorbed amount of
phosphorus (mg/pot) in the vegetative part of corn.
Loamy sand soil
Bacterial
Levels of phosphate fertilization
Rate
inoculation
P0
P50
P75
P100
B0
9.11
19.45
28.43
39.43
24.10
BW
19.79
20.95
31.86
43.55
29.03
BM
22.69
39.36
52.51
65.42
43.49
BWM
23.79
40.22
60.29
68.27
47.37
Rate
18.84
29.99
43.27
51.91
Silty clay soil
Bacterial
Levels of phosphate fertilization
Rate
inoculation
P0
P50
P75
P100
B0
16.15
25.02
31.11
42.06
28.58
BW
25.52
31.82
42.09
48.66
37.02
BM
37.19
45.56
57.56
66.07
51.59
BWM
40.93
51.22
65.13
71.22
57.12
Rate
30.11
38.49
51.03
57.01
Texture
0.060
Texture × Type
0.243
inoculation
RLSD 0.05
e inoculation type
0.121
Texture × P Level
0.243
P Level

0.121

Texture x inoculation type x P
Level

Type inoculation × P
Level
0.973

0.486

The increase of available phosphorus in the soil with the addition of levels of
chemical fertilization, significantly between one level and another, is due to the fact
that adding superphosphate fertilizer to the soil increases the chance of dissolving
available mineral phosphorus directly. Hence, the presence of small amounts of
available phosphorus in the soil increases the chance of its absorption and
stabilization. This comes in agreement with Amruth et al. (2017). Sumalatha &
Jebarathnam (2018) who showed that the absorbed amount is a reflection of the dry
matter weight and the element concentration in the plant. This is what has been
observed in present study, as the increase in weight of dry matter and the
concentration of phosphorus in the vegetative part with the levels of phosphate
fertilization is reflected in the amount of absorbed phosphorus. Superphosphate
fertilizer leads to a decrease in the pH values of the media, due to its acidic effect,
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as it contains 6% phosphoric acid when it is manufactured. These results agree with
Jabbar (2018).
Available Phosphorus in Soil after Planting (mg.kg/soil)
Table 5 and the statistical analysis indicated that there was a significant effect
(RLSD 0.05) of the inoculation with B. polymyxa, whether wild, mutagenic or
mixed together and the levels of phosphate fertilization in available phosphorous in
the soil after planting of yellow corn in calcareous loamy sand and silty clay soils.
In loamy sand soil, an increase in the rate of available phosphorus was noticed in
the soil from 15.24 mg/kg soil when not inoculated (B0) to 22.16, 27.52 and 28.79
mg.kg/soil. When inoculating with wild, mutagenic bacteria or mixing them
together, an increase of 88.91% compared to the non-inoculation treatment (B0)
was noticed. Adding levels of phosphate fertilization (P0, P50, P75 and P100) had a
significant effect on the rate of available phosphorus in the soil. The rate increased
from 17.15 mg.kg/soil at the P0 level to 21.37, 25.45 and 29.75 mg.kg/soil at P50,
P75 and P100, respectively with an increase of 73.46% compared to the comparison
level P0. The statistical analysis showed that there was no significant differences
for the bilateral interaction between the inoculation type and the phosphorus levels
on the available phosphorus in the soil after planting.
As for silty clay soil, a significant effect of inoculation with bacteria, whether
wild or mutagenic, or mixing them together, in affecting on the rate of available
phosphorus in the soil was noticed as it increased from 16.42 mg.kg/soil when
compared (non-inoculation B0) to 24.34, 30.72 and 32.52 mg.kg/soil for
inoculation whether wild or mutagenic, or mixing them together, respectively with
an increase of 97.05%, compared to non-inoculation (B0). Adding levels of
phosphate fertilization (P0, P50, P75 and P100) had a significant effect on the rate
of available phosphorous in the soil. The rate of available phosphorus in the soil
increased from 20.65 mg.kg/soil at P0 to 24.29, 27.44 and 31.62 mg.kg/soil for
P50, P75 and P100, respectively with an increase of 53.12% compared to no
addition (P0). There was no significant difference for the bilateral interaction
between the inoculation type and the phosphorus levels on the available phosphorus
in the soil after planting.
The ability of phosphate dissolving bacteria to produce phosphatase enzymes
works to connect the ester bonds that bind phosphorus to carbon, of organic matter,
through the release of phosphates which can be taken by organisms that dissolve
phosphates and then transfer them to the plant or, by producing lower molecular
weight organic acids. like oxalic acid which increases the availability of the soil for
phosphorous by increasing the weathering rates in the clay minerals in which
phosphorus is present or through the composition of complexes positively charged
with Ca, Fe and Al (Al-Hadethi & Al-Azawi, 2014). It also noted a superiority in
the values of the increase in available phosphorous after planting in the treatments
inoculated with mutagenic bacteria, compared to the treatments inoculated with
wild bacteria. This is due to the role of mutagenic bacteria which dissolve the
phosphates through induced mutations that stimulated the production of many
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organic acids in various quantities, which contributed to the reduction of soil pH
and among the most important acids like citric, oxalic, formic, maleic acid and
others, as well as the secretion of enzymes in large quantities such as phytase and
phosphatases, which increase the level of dissolved phosphorus in soils poor with
the phosphorous, such as calcareous soils.
Table 5: Effect of inoculation with B. polymyxa, wild, mutagenic and mixing them
together, and levels of phosphate fertilization in available phosphorus after
planting (mg.kg/soil).
Loamy sandy soil
Bacterial
Levels of phosphate fertilization
Rate
inoculation
P0
P50
P75
P100
B0
9.32
14.88
16.82
19.96
15.24
BW
16.58
19.65
23.32
29.11
22.16
BM
20.37
25.93
29.72
34.07
27.52
BWM
22.33
25.02
31.95
35.88
28.79
Rate
17.15
21.37
25.45
29.75
Silty clay soil
Bacterial
Levels of phosphate fertilization
Rate
inoculation
P0
P50
P75
P100
B0
12.88
15.29
15.45
22.07
16.42
BW
18.67
21.87
26.74
30.11
24.34
BM
24.72
29.81
32.04
36.31
30.72
BWM
26.34
30.2
35.55
38.02
32.52
Rate
20.65
24.29
27.44
31.62
Texture
0.138
Texture × Type
ns
inoculation
RLSD 0.05
inoculation type
0.276
Texture × P Level 0.684
P Level

0.276

Texture × inoculation type x P Level

Type inoculation
× P Level
ns

ns

As for the inoculated treatments with wild and mutagenic together, the results
showed that the high values of available phosphorous in the soil, after planting,
were compared with the single inoculation due to the high density of the number of
bacteria (the wild and mutagenic) that dissolve phosphates in the soil, which leads
to an increase in their activity and vital activities in the soil or the rhizosphere.
Thus, promoting growth of plants and increasing phosphorus availbility in the soil
after planting. These results are in agreement with Jabbar (2018).
The increase in available phosphorus in the soil, after planting, by increasing the
levels of phosphate fertilizer is due to the increase in the concentration of
phosphorous in the soil by increasing the addition, the greater the amount of
phosphate fertilizer added, which led to the higher concentration of available
phosphorus in the soil. These results came in agreement with Al-Jebory (2016).
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The improvement of the growth characteristics of the corn grown in loamy sand
soil is due to inoculation with wild and mutagenic B. polymyxa, as this bacteria
encouraged the plant to uptake nutrients and water in the calcareous loamy sand
soils, present in arid and semi-arid areas. It also noted that the high additives of
mineral fertilization levels, such as these calcareous loamy sand soils, do not mean
obtaining the maximum production for most of the growth characteristics because
the largest amount of this addition is lost without plant benefiting from it, as a result
of processes of adsorption, precipitation and leaching with irrigation water.
Therefore, adding part of the recommended fertilizer and completing it with a
bacterial inoculation with a high specialized capacity, such as mutagenic bacteria,
will increase the absorption of nutrients for plant growth. This leads to an increase
in the level of fertility of the soils and their production by more than that produced
by high fertilizer additives in those soils. The joint inoculation bacteria of wild and
mutagenic can be considered as a successful technique to improve and raise the
productivity of the soils, because these neighborhoods are based by linking the
minutes and increasing their size as a result of absorption of these cells on the
surfaces of the atoms about 50% of the bacterial cells are absorbing the atoms,
meaning that the bacteria work to block the sand particles, which is called protein
and fiber bridges for polysaccharides, thus holding the nutrients and preventing
their loss in sandy soils (Hassan, 2011).
The growth indicators of corn exceeded in the calcareous silty clay soil,
compared to the calcareous loamy sand soil, due to the increase in the number of
wild and mutagenic bacteria dissolving phosphates that the clay minerals of type 1:
2 with a large surface area. The clay minerals are characterized by the ability to
expand, contract and provide opportunity to the availability of the basic
requirements of carbon sources, nutrients and water. All of these are factors that
encourage the proliferation of wild and mutagenic bacteria dissolving phosphates
and the prevalence of their vital activities in addition to their ability to decompose
organic materials and supply the plant with the nutrients. Hassan (2011) showed
that clay protects the bacteria from conditions, other than appropriateness, such as
the lack of humidity, drought and high temperatures. Its positive reflection on the
growth indicators of the maize plant, is due to the survival rates of bacteria increase
with the increase in the ability of the soil to hold water and the provision of energy
requirements, as well as due to the positive charge of the properties of some clay
particles which makes them more suitable for the attraction of the bacteria
dissolving phosphates. The increase in the percentage of clay by 5% in the soil is
sufficient to encourage an increase in number of B. polymyxa due to the absorption
of these bacteria by the clay atoms which increases the dissolution rate of calcium
phosphates deposited by the production of acids and the availability of chelating
groups, and thus increase the rate of release of phosphorus available for absorption
by the plant. Therefore, the technique of inoculation with the wild and mutagenic
bacteria dissolving phosphates with high efficiency to dissolve the added
phosphorous as fertilizer is one of the successful techniques to raise the fertile level
of calcareous clay soils and reduce the factors that stabilize, obstruct and prepare
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phosphorus by calcium, aluminum or iron ions. The encapsulation of bacterial cells
by the fine clay particles is a barrier to the dimensions of the effect of phosphates
dissolved from calcium ions in the soil solution, which increases the readiness of
phosphorus for absorption by the roots of plants (Hassan, 2011).
On the other hand, use of wild and mutagenic bacteria phosphate dissolving
bacteria with chemical fertilizer is not only an additional preparation of the
elements necessary for the plant, but it increases the efficiency of the chemical
fertilizer and reduces its negative impact on the environment. This means the
possibility of reducing the level of chemical fertilizer by a 50% and replace it with
bacteria that dissolve phosphates. Thus, the cost of the agricultural process can be
reduced and the possibility of environmental pollution can be controlled. This is in
agreement with Al-Hilfy & Flayyah (2017) and Mustafa (2019) in reducing 50-75%
of chemical fertilizer at adding biofertilizer to obtain similar results in growth.
Haran (2019) concluded that adding the inoculation together with half the
recommendation of mineral fertilizer reduced the possibility of damage to plants
due to high levels of mineral fertilization.
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Abstract: Three stations were selected on Shatt Al-Arab River, which is
distinguished by its fresh water that is used for drinking, agriculture and
industry. The first station is located in the north of Basrah Province in AlShafy, the second in the province center in Al-Salhiya and the third one to the
south in the Sahel Region, during the period from October 2019 until
September 2020. The study aimed to assess the quality of Shatt Al-Arab River
water by using the NSF-WQI guide and its suitability for various uses as it
represents an easy and efficient method of evaluation. Seven factors were used
in the study: dissolved oxygen, biochemical oxygen demand, reactive
phosphate, potential of Hydrogen, total dissolved solids, nitrates and water
temperature. The results showed that the water quality index values varied
between 110-122, as Shatt Al-Arab River water is generally classified as poor
water. The second station recorded the highest (122) value for the index, while
the first station recorded the lowest value (110).
Keyword: Shatt Al-Arab River, Water quality, NSF-WQI

Introduction
Shatt Al-Arab River is one of the main and important rivers in Iraq and the main
source of fresh surface water in Basrah Province which is used for drinking,
irrigation, navigation, fisheries and industry (Abdullah et al., 2015).
Shatt Al-Arab River suffers from a decrease in the quality of water, especially in
recent years, due to the low rate of water drainage in the Tigris and Euphrates
rivers as a result of the construction of many dams in the headwaters of the main
rivers in Turkey (Partow, 2001).
Water quality can be described as the chemical, physical and biological
characteristics of water that are related to its suitability for a specific use, such as
for drinking, agriculture, livestock or entertainment. These uses, despite the
existence of common requirements, remain with their own requirements and the
deterioration of water sources. It has negative effects not only on biological
diversity, but also as an indicator of the deteriorating health status of the
environment (Roy, 2019).
Received Jan. 4, 2021, accepted Apr. 19, 2021
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The water quality index provides a single number that gives a clear and
integrated picture of the overall quality of the water situation at a specific time and
location from studying a set of factors affecting water quality. The main goal is to
convert complex data into information that is easy to understand, interpret and use
(Charuvan et al., 2012).
In 1970, the Water Quality Index (Wqi) was developed by the National
Sanitation Foundation by taking the opinions of 142 scientists from water scientists
after studying 35 factors, in order to subsequently choose nine factors in the
computation of the index (Sharifi, 1990). The NSF-WQI index was applied locally
by Farhood (2016), Hamdan et al. (2018) and Al-Hamdany et al. (2020) and
assessed the water quality of Shatt Al-Arab River.
The present study aimed at knowing the temporal and spatial changes of the
water quality variables and thus applying the NSF-WQI guide as an efficient way
to assess the water quality of the Shatt al-Arab.
Water Quality Index (NSF-WQI) guide is considered as one of the global
evidence that is widely used in evaluating water quality, by giving a weight to each
of the studied factors, which is reflected in the increase in the accuracy of the
results of the guide in its evaluation of water quality by giving one value that
expresses this quality and thus it becomes easy to know the suitability of this water
for a specific use (Sharifinia et al., 2019; Al-Hamdany et al., 2020).
Materials and Methods
Study Area
Shatt Al-Arab River is located in the south of Iraq, which consists of the
confluence of the Tigris and Euphrates rivers in Qurna city. Its length is about 195
km and extends southeastward along the city of Basrah, through the ports of Abu
Flus (in Iraq) and Abadan (in Iran) to the city of Faw and from there it extends
approximately 18 km until it flowing toward the Arabian Gulf (Fig. 1). The
southern part of Shatt Al-Arab River suffers from tidal phenomenon as a result of
the entry of the Gulf waters to it, so that the quality of the downstream water
becomes mixed between marine and fresh (Abdullah et al., 2015). The size of Shatt
Al-Arab River basin forms an area estimated at about 884,000 km2. The width of
this river decreases from 232 m in the center of Basrah city to 800 m at the mouth
of the river (Gatea, 2018). Throughout this distance from its confluence to the
estuary, the quality of its water is affected by many activities on its banks,
represented by the presence of many agricultural and tributaries that drain their
water directly or indirectly to the river with what it carries all kinds of pesticides
and fertilizers, and exposed to throwing wastes from some factories such as the
paper mill and power plants, as well as the resulting industrial or thermal wastes.
The unloading and loading platforms for goods represented in the port of Maqal
and the rest of the ports are also located on both banks of the river has groups of
inhabitants that practice many professions, including raising animals such as
buffaloes and species of birds, all of which add to the burden of polluting its
waters, as well as sewage wastes that are thrown directly into Shatt Al-Arab River
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without treatment, as indicated by Al-Hejuje (2014) who showed that Shatt AlArab River is one of the rivers, which are polluted with various pollutants,
including organic matter, which resembles other polluted rivers in the world. The
region is characterized by its hot climate and north to northwestern winds with the
blowing of dust storms. The region is characterized by a very hot summer season,
where air temperature sometimes reaches 50 C (Eassa & Mahmood, 2012).

Figure 1: Map of Shatt Al-Arab River with locations of study sites.

Collecting Samples
Three stations were selected on Shatt Al-Arab River: the first station represented
control due to its location north of Basrah, somewhat far from pollutants. The
second and third were chosen in this way to cover the largest possible section of the
Shatt al-Arab and to be located in residential and agricultural areas in which there
are many pollutants to collect samples for the period from October 2019 to
September 2020, with one sample at the time of ebb for each station per month by
using 500 ml polyethylene bottles for the purpose of conducting the tests. Table 1
shows the names and coordinates of these three stations.
Table 1: Names of the studied stations and their coordinates.
Station
Name
Latitude
St. 1
Al-Shafy
47°32'30.8336"E
St. 2
Al-Salhiya
47°51'3.2138"E
St. 3
Al-Sahel
48°0'6.9836"E

Longitude
30°50'52.9145"N
30°29'52.178"N
30°26'52.8539"N
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Field and Laboratory Work
Water temperature (WT) was measured in the field by using a graded mercury
thermometer (0.1-100 C). Measuring the pH of water in a field was by using a
German-made (PH 3110 WTW) device after calibrating the device with buffer
solutions (4, 7 and 9). US-made YSI model 556MPS was used for measuring total
dissolved solids (TDS) in mg/l. Both dissolved oxygen (DO) and biochemical
oxygen demand (BOD5) were laboratory measured according to APHA (2005) in
mg/l. Reactive phosphates (PO4) were measured by using the method of Murphy &
Riley (1962) in µg/l, and as for nitrates (NO3) in µg/l by a method of Parsons et al.
(1984).
Water Quality Index
In this study, NSF-WQI was used as it is an easy tool to express water quality in
one appropriate or inappropriate word by summarizing a large number of data in
one number. Seven environmental factors were used because it is considered as one
of the important factors in evaluating the quality of river water, and because it is
among the factors that are included in the calculation of the index values: DO,
BOD5, PO4, pH, TDS, NO3 and WT. The value of the guide was calculated based
on the environmental determinants of the Iraqi river conservation system for the
year 2011 and US-EPA 2012, according to the guide based on Ramakrishnaiah et
al. (2009) and Al-Hejuje (2014).
NSFWQI = ∑Wi Qi
Wi: According to the weight to the relative importance of each of the water
quality factors in the guide. This weight ranges between 1-4, give 4 for each of DO,
and BOD5, 3 for PO4, 2 for each of the pH, TDS and NO3 while 1 for WT.
Table 2: The relative weight of the factors involved in the calculation of NSF-WQI.
Parameter
Weight (wi)
Relative weight (Wi)
DO
4
0.222222222
BOD5
4
0.222222222
PO4
3
0.166666667
pH
2
0.111111111
TDS
2
0.111111111
NO3
2
0.111111111
W.T.
1
0.055555556
Vi

Qi=  Si × 100 (Parsons et al., 1984)
The sub-index Qi is calculated according to Sirajudeen & Abdul Vahith (2014)
where vi = measured value of factors and si = standard value of factors.
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Table 3: Water classification standards according to the NSF-WQI index values (AlHejuje, 2014).
Category
A
B
C
D
E
NSF-WQI score
<50
50-100
100-200
200-300
>300
Description

Excellent

Good

Poor

Very poor

Unsuitable

Results and Discussion
Table 4 shows the highest, lowest, average and standard deviation of the water
quality variables from October 2019 to September 2020 in the three study stations.
Table 4: Statistical analysis of environmental factors data in the study stations.
Station
Static
DO
BOD5
PO4
pH
TDS
NO3
Min.
4.80
1.40
0.02
7.26
1.06
0.18
Max.
11.80
5.0
0.75
8.67
4.07
7.40
St 1
Mean
7.28
3.10
0.30
7.91
2.11
3.54
SD
2.66
1.12
0.28
0.39
0.83
2.57
Min.
4.47
2.10
0.02
7.39
1.55
0.50
Max.
11.20
5.40
0.95
8.32
3.07
8.96
St 2
Mean
7.0
3.88
0.32
7.91
2.53
4.60
SD
2.48
1.01
0.37
0.27
0.46
2.93
Min.
4.36
1.70
0.02
7.06
2.04
0.65
Max.
10.20
5.20
0.64
8.41
3.97
7.66
St 3
Mean
7.28
3.47
0.20
8.05
2.29
3.71
SD
2.37
1.12
0.22
0.37
1.46
2.47

W.T.
13.40
28.84
21.59
5.82
13.05
31.20
22.90
6.40
13.53
32.00
22.92
6.82

The above table shows that the highest oxygen value (11.80 mg/l( was recorded
in the first station and the lowest (4.36 mg/l( in the third station. The increase in
oxygenation was observed during the cold months, and the reason for this increase
may be due to an increase in the solubility of oxygen due to the decrease in
temperature that accompanied it. A decrease in the decomposition of organic matter
that consumes oxygen, as the solubility of gases is inversely proportional to the
temperature, was observed, and it may be attributed to the decrease in oxygen
concentration. During the summer months, evaporation increases due to the high
temperature and the resulting decomposition of organic materials that consume
oxygen, especially in the second and third stations, which may receive untreated
wastewater due to its proximity to residential areas where microorganisms, oxidize
organic materials using oxygen and thus, decrease its value (Moyel & Hussain,
2015).
The highest values of BOD5 for water (5.40 mg/l) were recorded in the second
station and the lowest (1.40 mg/l) in the first station. In the analysis of organic
matter, its decrease in winter coincides with the decrease in temperature, which
results from the lack of activity of microorganisms (Ahmed, 2017).
The value of PO4 ranged between the highest value (0.95 mg/l) in the second
station and 0.02 mg/l for all stations. The highest values were recorded during the
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period from April to August for all stations, which may be due to low levels of
river drainage on some days of the year, and the increase in pollutants carried by
the subsidiary rivers from washing powders that are rich in phosphate compounds
or sewage water that are discarded without treatment or from drainage water from
agricultural and industrial wastes containing phosphate fertilizers (Al-Hejuje,
2014). The reason for the decrease in concentrations may be due to the period from
November through February which indicates consumption by phytoplankton and
plants that have a tendency to accumulate phosphates in their tissues (Moyel &
Hussain, 2015) or, it may be due to adsorption to the surfaces of organic
compounds and soil minerals in sediments (Weiner, 2000).
The highest water pH values were recorded in the first station (8.67) and the
lowest (7.06) in the third station, as it was within the weak baseline trend
throughout the study period, due to the high regulatory capacity of Iraqi waters due
to its high content of carbonates and bicarbonates (Stirling, 1985). The pH rise was
observed during the hot months from June to September, especially in the third
station, where the height was consistent with the high salinity and total dissolved
solids, especially in the third station. The reason may be due to the increase in the
concentrations of salts and dissolved solids during these months and the entry of
sea water bicarbonate-bearing saline, as it has also been shown by Al-Hejuje
(2014). The high pH of the water of Shatt Al-Arab River in the basal direction was
as a result of entering the salty front from the Gulf and the decrease in water
discharges in Shatt Al-Arab River, which results in an increase in the concentration
of dissolved substances in the water. This helps to lower the pH (Al-Lami et al.,
2001).
The values of TDS in the study stations showed that the highest values (4.07
mg/l) was in the first station and the lowest value (1.06 mg/l) for the same station.
It was observed that the concentrations of total dissolved solids increased during
winter and spring months. This may be attributed to the runoff of water and
discarded water, in addition to sewerage, which adds solids to the water and
increases its concentration (Al-Hejuje, 2014). TDS values decreased during June
and July, especially in the first station. This may be due to the high discharges of
water coming from Tigris River, or it may be due to the location of this station
north of Basrah and its distance from the tidal effects and its receipt of small
quantities of dissolved solids and organic materials (Al-Mansouri & Al-Mahmoud,
2009).
The nitrates recorded the highest value (8.96 mg/l) in the second station and the
lowest (0.18 mg/l) in the first station. Nitrate concentrations increased during the
cold months from December to April. This increase may be attributed to the rain
that works to dissolve organic materials and compounds nitrogen levels in fertilized
agricultural and industrial wastes and their entry into Shatt Al-Arab River waters
(Moyel & Hussain, 2015). This may be attributed to the high levels of dissolved
oxygen at low temperatures that stimulate micro-organisms to oxidize ammonia to
nitrates, as a positive direct correlation was found between nitrates and dissolved
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oxygen (r= 0.491). The second station showed a remarkable increase during
months of the year. This may be attributed to the station’s proximity to residential
areas, the decrease in water drainage and the increase in the percentage of
pollutants released directly or through branches of the rivers that flow into Shatt
Al-Arab River and carrying industrial and household wastes and untreated
wastewater loaded with nitrogenous compounds that are oxidized to nitrates (AlHejuje, 2014). The decrease in values during the period from September to
November may be attributed to the increase in phytoplankton activity and nitrateconsuming aquatic plants, as this is consistent with the findings of Moyel &
Hussain (2010).
The water temperature showed clear changes between summer and winter
seasons, as it recorded the highest value (32 C) in the third station, then began to
decrease until it recorded the lowest temperature (13.05 C) in the second station.
This difference may be due to the differences in temperature between summer
months, which are characterized by the long period of the day, the increase in the
brightness of the sun and the angle of its fall. Winter months are characterized by
the shortness of the day and the weakness of the solar radiation. This difference is
also attributed to the nature of the climate in Iraq, as it is cold and rainy in winter
and hot and dry in summer (Al-Hejuje, 2014).
Conclusion
The results of the environmental factors analysis showed that Shatt Al-Arab
River water is classified as poor water according to the index classification (NSFWQI), where the index value was 117. It was noticed that there was little
discrepancy between the indexes values of the three stations recorded. The second
station has the highest value of the guide (122), followed by the third station (117)
and the first station (110). The reason for the decrease in the index values and the
deterioration of the quality of Shatt Al-Arab River water in general, according to
this guide, may be due to an increase in concentrations of BOD5, PO4, TDS and
NO3, especially in the second station in which the index value was the highest
(122) compared to the other two stations. The results of the study were consistent
with Al-Hejuje (2014).
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Abstract: In this research, a scale was developed to assess the quality of fruits
of date palm cultivars. The scale was based on the evaluation of the fruiting
characteristics of the date palm, which included the characteristics of Khalal,
which given 10 degrees, Rutab characteristics which given 20 degrees, Tamer
characteristics which given 20 degrees, production which given 5 degrees and
ripening time which 5 degrees, with a total of 60 degrees for the quality of
cultivar. The quality of cultivar was divided into five classes or levels of
quality depending on the sum of the degrees of the five fruit characteristics, as
follows: 1-14 Low quality, 15-24 Medium (average) quality, 25-34 Good
quality, 35-44 Very good quality and 44-60 Excellent quality.
Keywords: Scale, Iraq, Date quality, Date cultivars

Introduction
Sources mention that there are more than 4000 cultivar names of date palms in
the World, but in fact, not all of them are real distinct cultivars. Most of them are
Duqals with unknown characteristics. Al-Baker (1972) mentioned 627 names of
cultivar in Iraq, of that 200 names in Basrah, but most of these names were without
description or even without mentioning the place of spread. Out of the total 627
cultivar names, there are 353 names without a description. These are taxonomically
rejected names, and out of these 353 names, there are 183 names without
mentioning the area of distribution. This is the case for most date producing
countries. Ministry of Agriculture (2011) in Saudi Arabia mentioned that there are
263 cultivars, but the actual known varieties are in fact much less than this number.
El-Sharabasy & Rizk (2019), in Egypt mentioned that there are 79 cultivars. In
Kuwait, Al-Mudaires (2010) mentioned that there are 43 cultivars.
There are no direct studies on this subject, as it is a new research presented for
the first time, but there are general studies on date palm cultivars that dealt with the
stages of fruit development. There are five stages of development of the date palm
fruit: Hababok, Jamri, Khalal, Rutab and date stages (Al-Helfi, 1993). The last
three stages are those that are eaten, but the true maturity stage is the Rutab. Dates
are classified into soft dates, semi-dry dates and dry dates (Ibrahim, 2013) and the
Received Feb. 14, 2021, accepted Apr. 19, 2021
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date palm classified into Khalal palm such as Zaqhlol and Chibchab, or Khalal and
Rutab palm such as Ashqar or Rutab and Tamer palm such as Barhee (Al-Mayah,
2012). There is a quality of Khalal, a quality of Rutab and a quality of dates, and
the quality of cultivar depends on the total quality of these characteristics and other
characteristics such as the quality of production and the date ripening (Mater, 1991;
Bin-Salih & Ibrahim, 2018). Estimating the quality of the fruits and then the quality
of cultivar is a relative thing that varies from person to person according to tastes
and from region to region.
Cultivars differ in their quality from one region to another and from one country
to another due to their being affected by environmental, soil and climate factors.
Ibrahim & Zaid (2019) pointed out the importance of the quality of dates, the types
of quality, their specifications and indicators, and how to pack, store and monitor
them. However, they did not mention anything or specify a standard for how to
assess or determine the quality of each cultivar. It is known that the quality of a
certain fruiting characters such as dates, for example, does not mean the quality of
the whole cultivar.
In the absence of a special measure to estimate the quality of date palm cultivars
and dates in the World, a simple and easy approximate scale that can be used to
estimate the quality of date and date palm cultivars, is established here.
Materials and Methods
Several field trips to date palm groves in Basrah were carried out during the fruit
ripening season for the years 2019 and 2020. The date cultivars were identified,
their names and places of distribution were recorded, and samples of Khalal, Rutab
and dates were collected. The quantity of production and the date of maturation
were recorded, and the cultivars were photographed. Quantitative and qualitative
characters for the fruits were measured. Quantitative characteristics such as fruit
size were measured by measuring the length and diameter of the fruit in
centimeters, and the production quantity by calculating number of bunches and the
weight of the bunch. The qualitative characteristics such as sweetness, bitterness
and flavor were achieved by direct taste. As for the ripening time, it was determined
by follow-up and direct observation.
Practical taste tests for date fruits were conducted in the Ecology Department,
College of Science, University of Basrah, within a special questionnaire format
with the names of cultivars hidden. A questionnaire was also conducted via social
media, including a sample of 100 individuals for each time.
To confirm the identification of the cultivars, date palm and date, atlases in the
World were used, such as Atlas dates varieties in Gulf (Al-Mudaires, 2010), most
popular date varieties in the Kingdom of Saudi Arabia (Ministry of Agriculture,
2011), Atlas of date palm in Egypt (El-Sharabasy & Rizk, 2019) and palm
cultivation and date production in Sudan (Dawood et al., 2019).
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Results
Scale to Assess the Quality of Date and Date Palm Cultivars
This scale is based on the quality of five fruit characteristics of the date palm,
which are: The quality of Khalal, the quality of Rutab, the quality of dates, the
annual production rate and the date of ripening. Each character is divided into
groups of secondary characteristics. Each trait is given a specific degree out of the
total of 60 degrees and according to the importance of the trait. The quality of the
character was estimated based on the stage of the fruit being eaten and the
percentage of its consumption by people.
Rutab and dates are the most used, so each of them was given a third of the
degree, and the Khalal is less used so it was given one sixth of the degree and so on.
Since each fruiting stage have several characteristics and each character has a range
of variation, it has been divided into secondary characteristics with the
determination of the upper, lower and middle limits according to taxonomic
judgment as follows:
1- The quality of Khalal has a maximum of 10 marks: 1/6 of the total score, and it
is divided into:
A- The size of Khalal has 4 degrees as follows: Large size (over 4 cm length) 4
degrees, medium size (2.5-4 cm length) 2 degrees, small size (less tam 2.5 cm
length) 1 degree.
B- Khalal sweetness (astringency) has 4 degrees as follows: Very sweet without
astringency 4 degrees, low astringency 2 degrees, bitter or astringent 1 degree.
C- The brittleness of Khalal has 2 degrees: Brittle 2 degrees, semi brittle or medium
1 degree, coarse 0 degree.
2- Rutab quality has a maximum of 20 marks: 1/3 of the total score, and it is
divided into:
A- The amount of fiber 5 degrees as follows: Fiber-free 5 degrees, medium, with
some fiber, 3 degrees, thick fiber 1 degree.
B- The tenderness of Rutab 5 degrees as follows: Fresh or mushy 5 degrees, semi
fresh 2 degrees, crusty or coriaceous 0 degrees.
C- The palatability of Rutab 5 degrees as follows: Delicious 5 degrees, medium or
agreeable 3 degrees, not palatable 1 degree.
D- The attractiveness of Rutab 5 degrees: Attractive, 5 degrees, middle 2 degrees,
unattractive 1 degree.
3- The quality of dates has 20 marks: 1/3 of the total score, as follows:
A- The adhesion of the skin to flesh 4 degrees as follows: Adherent 4 degrees,
semi-adherent 3 degrees, distinct skin 2 degrees.
B- The softness of dates 4 degrees as follows: Soft 4 degrees, semi dry 3 degrees,
dry 1 degree.
C- The flavor of dates 4 degrees as follows: Distinct flavor 4 degrees, little flavor 2
degrees, without flavor zero degree.
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D- The size of the flesh 4 degrees as follows: Small kernels 4 degrees, big or thick
(small seed) 3 degrees, medium (middle seed) 2 degrees, little or thin (large
seed) 1 degree.
E- Compressibility 4 degrees as follows: Compressible 4 degrees, middle 2 degrees,
unsuitable for pressing 0 degree.
4-The average annual production of an adult date palm has 5 makes: 1/12 as
follows: Profuse or very high 5 degrees, average 3 degrees, low 2 degrees.
5- Ripening date has 5 marks: 1/12 as follows: Very early 5 degrees, early 4
degrees, mid-late 2 degrees, late 3 degrees.
Depending on the grades obtained by the variety for all the characteristics, its
total quality is determined according to the following qualitative scale: 1-14 low
varieties, 15-24 ordinary (medium) varieties, 25-34 good varieties, 35-44 very good
varieties, 44-60 excellent varieties.
Depending on the above scale, the finest cultivars can be determined in any
country of the World or in the whole World (Table 1-3).
The scale was applied to the Iraqi, Saudi Arabia and World varieties. The results
of the ten best cultivars are as in Tables 1-3, and Plates 1-3.
The result of the scale reliability ratio of the questionnaire for best three cultivars
are as shown in Figure 1 and the results of the taste test of the varieties are in Figure
2.
Table 1: Top ten date palm cultivars in Iraq.
Degree of character quality
Cultivar
name
Khalal Rutab Tamer Production
Barhee
Shwaithi
Ahmer
Mir-Haj
Hasawi
Qantar
Hiwaiz
Braim
Maktoom
Zubair
Um AlDihin

8

20

18

5

2

Degree
of cultivar
quality
53

7

16

15

5

2

45

excellent

4
8
3
3
8
5
6

16
17
11
15
11
16
15

20
13
17
19
16
15
13

3
3
3
3
3
3
3

2
2
2
2
4
2
4

45
43
43
42
42
41
41

excellent
very good
very good
very good
very good
very good
very good

5

14

14

3

2

38

very good

Ripening

Quality
type
excellent
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Table 2: Top ten date palm cultivars in Saudi Arabia.
Degree of character quality
Cultivar
name
Khalal Rutab Tamer Production
Anbara
Safawi
Khalas
Khadhri
Sagae
Sukari
Safrai
Helwa
Nabot Saif
Ajwa

6
7
5
5
5
7
7
7
4
3

16
15
18
13
13
12
11
12
12
10

17
16
13
16
15
13
12
12
15
15

3
3
3
3
3
3
3
3
3
3

2
2
2
2
2
3
4
2
2
4

Table 3: Top ten date palm cultivars in the World.
Degree of character quality
Cultivar name
Khalal Rutab Tamer Production
Barhee
Duqlat noor
Medjhool
Shwaithi Ahmer
Mir-Haj
Anbara
Safawi
Shaheni
Bayarum
Khalas al-Hassa

8
6
5
7
4
6
7
7
6
5

20
20
15
16
16
16
15
15
13
18

18
16
20
15
20
17
16
16
17
15

Ripening

5
3
2
5
3
3
3
3
3
3

Ripening
2
2
4
2
2
2
2
2
4
2

Degree of
cultivar
quality
44
43
41
39
38
38
37
36
36
35

Degree of
cultivar
quality
53
47
46
45
45
44
43
43
43
41

207

Quality
type
very good
very good
very good
very good
very good
very good
very good
very good
very good
very good

Quality
type
excellent
excellent
excellent
Excellent
excellent
very good
very good
very good
very good
very good
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Barhee

Shwaithi Ahmer

Mir-Haj

Qantar
Plate 1: Top date palm cultivars in Iraq.
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Hasawi

Hiwaiz

Um Al- Dihin

Plate 2: Top date palm cultivars in Iraq.
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Braim

Zubair

Maktoom
Plate 3: Top date palm cultivars in Iraq.

A scale for assessing the quality of date and date palm cultivars

Number of votes

class 1

class 2

class 3

211

Total

90
80
70
60
50
40
30
20
10
0

Figure 1: Questioner
aboutname
top three cultivars of dates.
Cultivar
Figure 1: Questioner about top three cultivars of dates.

group 1(2020)

group 2 (2021)

group 3 (2021)

total quality votes

Number of votes

25
20
15
10
5
0

Cultivar name

Figure 2: Practical test of the taste of some cultivars of dates.

Discussion
For the purpose of facilitating the evaluation of quality of date and date palm
cultivars, there must be a standard or a scale for conducting this assessment.
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Depending on field follow up of the date palm cultivars and knowing their
distinctive characteristics, it is useful to develop a quantitative measure to assess
the quality of the varieties and cultivars. This scale is based on an approximate
relative estimate of the quality of the fruit characters.
Through this scale, it is possible to estimate the quality of each character
separately, for example, to estimate the quality of Khalal only or the quality of
Rutab or dates alone in addition to measuring or estimating the overall quality of
the cultivar. For example the quality of the Barhee cultivar or the Medjool or Ajwa
cultivar, noting that the quality of a specific trait (for example, the good quality of
dates) it may not necessarily mean the good quality of the cultivar and the same
case with the quality of Rutab. For example, the excellent quality of Rutab of
Ashqar, the Tebarzal, the Khalas or the Qantar, does not mean that these varieties
are the finest quality cultivars (Al-Helfi, 1993; Al-Mayah, 2012).
By comparing the results of quality of the cultivars resulting from the
application of the scale for the ten best cultivars with the results of the
questionnaire and the practical application of fruit tasting, the match rate was 7090% according to the cultivars. This is a good percentage for assessing the
reliability of the scale and its application. When applying this scale to the
internationally known cultivar of Barhee, it has obtained a score of 53 out of 60, as
in Table 3, which is the highest quality score of all cultivars, with a clear
differences from the rest of the cultivars. Thus, Barhee is really the king of all
cultivars of dates (Al-Baker, 1972; Mater, 1991).
In general, this scale is approximate and not absolute, and it is affected by the
difference in the evaluator's taste or the accuracy of his assessment. Nevertheless, it
is a good tool to reach the best relative evaluation of the cultivar that reduces
differences in personal, publicity and regional assessments.
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Abstract: The present study aimed to investigate the effect of fish grading on
the growth performance of common carp Cyprinus carpio cultivated in floating
cages located in the Al-Mashab River northwest of Basrah. A total of 4896
fishes were transferred from storage cages to culture cages (3×4×2 m), and
distributed at a rate of 816 fishes per cage with a culture density of 34
fishes/m3 into six cages, three of which were classified into large (GL), middle
(GM) and small (GS) individuals, whereas three cages were left without
grading (UG). The graded and ungraded cages were chosen depending on the
standard deviation for each cage. The fishes were fed for both treatments on a
standardized, locally made diet. The results of the study were evaluated
according to the criteria for total weight gain (WG), daily growth rate and
specific growth rate. In the first grading process, significant differences
(P<0.05) were recorded between graded (GL) and ungraded in final weight and
specific growth rate (SGR) but not in weight gain and daily growth rate (DGR),
while in the second grading, significant differences (P<0.05) were recorded
between graded (GL) and ungraded in final weight and weight gain but not in
SGR and DGR. At the end of the second grading period, the daily and specific
growth rate of graded fishes were ranged between 3.26-4.73 g/day and 0.220.46%/day, respectively, while for ungraded fishes there were 2.35 g/day and
0.23%/day, respectively. The survival rate (SR) was not different very much in
all treatments and ranged between 94.34 to 95.49% in small graded and
ungraded fishes, respectively. The study results recommend at least two
grading processes should be established during the culture season in two or
three months intervals.
Keywords: Sorting, SGR, DGR, Common carp, Size distribution

Introduction
The best modern technology achieved in the last twenty years in the field of
aquaculture is the technique of cage aquaculture, which is relatively new to the
inland aquaculture development of many countries that offer new prospects for
enhancing fish production, and also emerging new skills among fishermen and to
enhance their incomes (NFDB, 2016). This technology was used since earlier
Received Mar. 14, 2021, accepted May 26, 2021
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periods, but the development and modifications made to the designs and materials
of cages, the methods of construction and operation, and the great progress in
processed diets, all those have led to the spread of this technology on a large scale
in many countries around the world (Pillay & Kutty, 2005). The techniques used in
the growth and production of fishes in cages were relatively new in Asia, although
the origins of using cages to transport and preserve fishes for not long periods date
back nearly two centuries and the great development of intensive culture systems in
cages was driven by several factors, including the competition of this system.
Differences in individual growth rate within a fish population are common and
cause a major impediment to cost-effective management in commercial fish culture
(Benhaïm et al., 2011). The size of fish changes is due to the individual growth, and
thus the fishes reach at the end of the cultivation season different heterogeneous
sizes, so it usually requires sorting for those fishes that have reached the marketable
size from those that are below the required weights which returned back to the
culture system until they reach the appropriate size for marketing. So, reducing the
unevenness in size and increasing the homogeneity of weight are important goals in
the culture of fishes (Kim et al., 2020). The grading process takes place during the
cultivation season at different intervals according to the change in the size of the
fishes during sorting and sampling. The process of sorting and grading may take
long times, skilled labor and great effort. Among the benefits of grading is the
classification of fishes according to size and display to the consumer and that fish
producer can display fishes in several sizes (Kelly & Heikes, 2013). Other benefits
of grading include the elimination of the phenomenon of competition for food,
especially in cages. This phenomenon results in great different sizes of fishes.
Large fishes consume more feed and do not give an opportunity to allowing smaller
fishes to take their adequate food. When graded, this phenomenon will be
eliminated. Among the other benefits of grading is the reduction of the
phenomenon of cannibalism, in other words, larger fishes eat smaller ones (Heikes,
2007). Grading by size should reduce the stress imposed by the larger individuals
over small individuals (Hirt-Chabbert et al., 2014).
Coulibaly et al. (2007) demonstrated that when the process of grading or
approximating the size of the cultured fishes was carried out due to the reduction of
the phenomenon of competition and predation, the survival and growth rate of
African catfish Heterobranchus longifilis raised in floating cages with different
culture densities increased when the process of grading or approximation of the size
of the cultured fishes was carried out due to the reduction of the phenomenon of
competition and predation. Size grading is thought to reduce the harmful effects on
small fishes, resulting in a reduction in size dissimilarity and improved biomass
gain (Barki et al., 2000). Sometimes, size-grading of immature fishes is used as a tool
to increase production through selection for fast-growing fishes and to minimize
growth variability (Lima, 2020).
The present study aims to demonstrate the importance of common carp
(Cyprinus carpio) grading in floating cages and its effect on growth and size
variation.
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Materials and Methods
Cages and Stoking Density
The research study was implemented in Al-Ahwar Company for Fish Production
and Marketing in Al-Mashab, northwest of Basrah (30°62'96.9"N, 47°66'85.5"E).
Six cages (3×4×2 m) were selected and common carps, obtained from the same
company, were sorted and isolated from other fishes in special cages. Care was
taken in preparation for transporting them to the experimental culture cages. The
cages were covered with special cover nets to prevent the fishes from escaping into
the natural waters.
After completing the preparation of the culture cages (ensure that the wooden
frames of the cages are not damaged, passages of the main cages are free from
damage, the safety of the cages buoyancy materials and be free from corrosion and
breakage, checking the depths under the cages, which must not be less than 2 m in
the lowest tide, make sure that the location of the cages is free of rodents, which
causes rupture of nets, escape of fish, and damage to buoyancy materials), a total of
4896 common carps (542.38±29.17 g) were transferred from the storage cages to
six culture cages. A total of 816 fishes were distributed per cage at a culture density
of 34 fishes/m3. During the process of transferring the fishes from the storage cages
to the experimental cages, the fishes were sterilized with a solution of copper
sulfate at a concentration of 0.10% for a period of 25 seconds in order to eliminate
various pathogens. The fishes were left for 48 hours to empty their digestive tracts
from the previous feed. About 80 fishes were randomly sampled by a hand-net from
each of the six cages and the live fishes were weighed to the nearest 0.5 g in each
sampling.
Feed and Feeding
Local feeds (Table 1) were used to feed the fishes, which were made in the feed
manufacturing plant at the Marine Science Centre, University of Basrah. The
feeding rate was 5% of body weight and 3% during a limited period (one month)
due to high temperatures and low food intake according to daily observations, at a
rate of two meals; in the morning and in the afternoon. The weighing process was
repeated for specific intervals between weighing until the end of the experiment, in
order to adjust the amount of the daily food given according to the new weights.
Table 1: Ingredients and proximate composition of the experimental diets.
Ingredients
%
Chemical analysis (%) as DM
Fish meal
25
Moisture
3.49
Wheat flour
35
Crud protein
33.08
Wheat bran
30
Crud lipid
5.93
Yellow corn
10
Ash
8.57
Carbohydrates
48.93

217

Albahadly et al.

Sampling and Grading
After two months, the fishes were weighed in the six cages. Three cages were
determined to be graded, based on the standard deviation (cages with high standard
deviation) and according to fish size into a large (GL), medium (GM) and small
(GS) grading, while the other three cages were left without grading (UG). The first
grading process was carried out during this period, while the second grading
process was carried out for the three cages after three months from the first grading.
During the experiment, the average weight of each cage before and after the
grading process was measured. At the end of the experiment, after 170 days, all the
six graded and ungraded cage fishes were weighed and counted.
Measuring Water Quality
During the experimental periods, the surface water temperature in each sample
was measured by using a simple thermometer.
Measuring Growth Performance
The following equations were used to describe the growth performance of the
brood stock:
Weight Gain (WG) = W2 (g/fish) – W1 (g/fish)
(W2 g/fish – W1 g/fish)
Daily Growth Rate (DGR) = -----------------------------T
(lnW2 g/fish – lnW1 g/fish)
Specific Growth Rate (SGR) = ----------------------------------- X 100
T2-T1
Where lnW2 is the natural logarithm of the final weight at the time T2, lnW1 is
the natural logarithm of the initial weight at the time T1 and T2-T1 is the period
between the two weights.
Number of fish alive
Survival Rate (SR) = ------------------------------------------- X 100
The total number of fishes stocked
Statistical Analysis
All parameters were tested by using a one-way analysis of variance (ANOVA).
Significant results (P<0.05) were tested by using LSD to the test significant
difference between means. This statistical analysis was completed with the
computer software SPSS package Version 22.
Results
Water temperature ranged between 21.6 oC in November and 31.3 oC in June (the
average was 26.6 oC). The mean total weight gain of the graded and ungraded
fishes after two months was shown in Table 2. The average weight gain in the first
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grading process was ranged between 65.30 and 188.40 g for three size graded
fishes, while the ungraded fishes recorded 205.53 g. Significant differences
(P<0.05) were recorded between graded and ungraded fishes in final weight and
SGR but not in both weight gain and DGR. In the second grading process, the
weight gain rate of graded fishes ranged between 248.00 and 359.10 versus 178.43
g for ungraded ones (Table 3). Significant differences (P<0.05) were recorded
between graded and ungraded fishes in final weight and weight gain but not in both
SGR and DGR. The results showed that the daily and specific growth rates for both
graded and ungraded fishes at the end of the first grading period were ranged
between 2.18 and 6.28 g/day and from 0.27 to 0.66%/day for graded fishes,
respectively, while for ungraded fishes, they were 2.28 g/day and 0.27%/day,
respectively. At the end of the second grading period, the daily and specific growth
rates of graded fishes ranged between 3.26-4.73g/day and 0.22-0.46%/day,
respectively. For ungraded fishes, they were 2.35 g/day and 0.23%/day,
respectively. The survival rate was not different very much in all treatments and
ranged between 94.34 and 95.49% in small graded and ungraded fishes,
respectively.
Table 2: Growth parameters of common carps in graded and ungraded cages in the first
period (two months) (Mean±SD).
Parameters
Treatments (first period)
Ungraded (UG) Graded (GL)
Graded (GM)
Graded (GS)
IW (g)
731.8b±53.46
1014.7a±138.0
740.1b±57.8
537.6c±61.9
FW (g)
937.3b±53.46
1203.1a±121.2
805.4bc±93.1
655.7c±74.5
WG (g)
205.53a±11.21
188.40a±16.80 65.30b±35.30
118.10c±12.60
a
a
b
DGR (g/day)
6.85 ±0.37
6.28 ±0.56
2.18 ±1.18
3.94c±0.42
SGR (%/day)
0.83a±0.09
0.58b±0.12
0.27c±0.13
0.66ab±0.01
Data with different superscripts are signiﬁcantly different (P<0.05).
Table 3: Growth parameters of common carps in graded and ungraded cages in the second
period (three months) (Mean±SD).
Parameters
Treatments (second period)
Ungraded (UG) Graded (GL)
Graded (GM)
Graded (GS)
b
a
bc
IW (g)
937.3 ±53.46
1330.4 ±65.5
851.3 ±28.2
762.2c±60.7
bc
a
b
FW (g)
1115.7 ±13.6
1578.4 ±124.5 1210.4 ±66.6
1064c±81.7
c
b
a
WG (g)
178.43 ±29.67
248.00 ±59.00 359.10 ±38.40 301.80a±21.00
DGR (g/day)
2.35b±0.40
3.26b±0.78
4.73a±0.51
3.97a±0.28
SGR (%/day)
0.23b±0.04
0.22b±0.04
0.46a±0.03
0.44a±0.00
Survival (%)
95.49
94.58
95.43
94.34
Data with different superscripts are signiﬁcantly different (P<0.05).

Size distribution of common carps in graded and ungraded cages, as revealed in
Table 4, showed that about 60% of ungraded fishes were under 1000 g, while about
70% of graded fishes were above 1000 g. Only two compared to five fishes reached
more than 2000 g in both groups, respectively.
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Table 4: Size distribution of common carps in graded and ungraded cages.
Treatments
Weight range (g)
Ungraded (UG)
Graded (G)
No.
%
No.
300-599
205
8.61
0
600-999
1209
50.76
737
1000-1499
895
37.57
1241
1500-2009
71
2.99
377
2010-2499
2
0.07
5
Total
2382
100
2360

%
0
31.23
52.58
15.98
0.21
100

Discussion
Under the concept of commercial fish farming, there are several steps involved,
including sorting and classifying live fishes or what is called grading, which is an
important step in commercial farming that allows producers to benefit from the
maximum profit of the project since the price of fishes varies according to their
size, especially in local markets. Also, mixing large and small fishes gives an
undesirable appearance product to the retail seller that sells fishes to the consumer.
Through the results of the daily growth rate, it is noted that the great importance
of the grading process, as the fish that had a grading process, their daily growth
rates were comparable due to the uniformity of their weights, which reduced the
phenomenon of competition for the feeds provided and thus converted these feeds
consumed into daily growth among the graded fishes. Due to the variation in size,
ungraded fishes showed lower daily growth rates as a result of intense competition
for feed between small and large-size fishes, especially at the second grading
process. Table 4 demonstrated the consequence of large fishes on the growth of
smaller ones in the ungraded cages.
The results of the current experiment are in agreement with those of Al-Rudainy
et al. (1999) when they cultivated different sizes of common carps in earthen ponds
and found that the best growth was in the treatment of closely related fishes
(graded) and their daily growth rate was 2.8 g/day, while the daily growth of
different fish weights (ungraded) was 1.5 g/day. The low daily growth rate of
ungraded fishes may be due to small individuals which contribute about 60% from
the total size range below 1000g. Abu-elheni et al. (2015) indicated that the best
daily growth of common carps cultured in floating cages was in the similar weights
and achieved daily growth of 6.74 and 6.62 g/day, respectively, while the daily
growth rate of the control treatment, which contained different sizes of fishes, was
2.48 g/day.
Castillo-Vargasmachnca et al. (2007) found the best growth rate for the spotted
rose snapper (Lutjanus guttatus), cultured in floating cages of three different sizes,
was in the treatment of larger fishes (110.2 g). In other words, the cages that
contained high weights with little variations, are consistent with the results of the
current experiment.
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The results of the present experiment were not consistent with that of Akbulut et
al. (2002) who found the best daily growth rate in the treatment of small-sized
fishes when culturing rainbow trout (Oncorhynchus mykiss) in three different sizes
(small, medium and large size) of floating cages. The best growth rate was in the
treatment of smaller size, while the results of the current study showed that the best
growth was in the treatment of fishes in large-sized fishes. The same researchers
found that similar size fishes outperformed the specific growth rate (1.11%/day)
over the other treatments (1.02%/day), whose sizes were different, which were
consistent with the results of the current experiment.
Partial harvesting has been earlier known in some cases (Brummett, 2002; Yu &
Leung, 2006), but are not practical for applications in the present study, mostly due
to an increase in the production costs and in succession consumers and sellers favor
large common carps (more than 1500 g). Previous studies assumed that fish’s
heterogeneity is related to differences in initial sizes, but Kim et al. (2020)
suggested that it is a difficult factor to control and heterogeneity in the size of fishes
of the same age appears to be as a natural phenomenon.
Conclusions
The current study showed the importance of fish grading, especially in cages,
and its effect on growth and size variations, which will affect the production and
profit of the culture project. At least two grading processes should be established
during the culture season in two or three month’s intervals when initial fish weight
ranged between 250-500 g.
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Abstract: The present work aims at investigating the ability of diatoms to reestablish their community after a severe environmental stress such desiccation.
Diatoms were subjected to extreme environmental stress to observe their
survival capability. Samples of sediment were collected from three sites,
Maqal, Abu Flos and Al-Faw along the course of Shatt Al-Arab river. Different
temperature regimes were implemented for testing the ability of diatoms to
recover desiccation. Experiments were performed at various temperatures, 10,
15, 20, 25, 30, 35 and 40 ℃. A total of 67 diatom species were identified and
included freshwater forms (25%), brackish water forms (25%) and marine
species (26%), as well as 24% of taxa with undefined ecological preferences.
The recovery rate of diatom species at all sites appeared to be rather similar.
40%, 38% and 37% of all taxa encountered were able to recover desiccation at
sites 1, 2 and 3, respectively. Recovering ability of those species varies with
variable temperature. Favourable temperature for most species to regrow
ranged between 15 and 25 oC. Nitzschia palea exhibited the maximum growth
rate at all temperatures (10-35 oC). 32% of all epiphytic species encountered
were able to recover at 20 oC. Five species: Craspedostauros britannicus,
Nitzschia invisitata, Pinnularia quadratarea, Simonsenia sp. and Tryblionella
plana were not previously reported in Iraq and considered as new to the region.
A new species, Synedropsis abuflosensis, was found. The outcome of the
present work clearly indicates that some species of diatoms can recover after
exposure to sever environmental stress.
Keywords: Diatoms, Desiccation, Environmental stress, Shatt Al-Arab river,
Temperature

Introduction
Diatoms are the dominant phytoplankton group that occur in all aquatic habitats;
freshwater, brackish water, marine and some live on exposed wet soils (terrestrial)
(Quiroga & Chretiennot-Dinet, 2004; Warkiewicz et al., 2018). They are very
important components of the aquatic environment as they form "with other algae"
the base of the trophic levels. Diatoms constitute a fundamental link between
primary (autotrophic) and secondary (heterotrophic) production. Many
microorganisms feed on diatoms and in this way, they are integrated into aquatic
food webs (Mann et al., 2017). They are responsible for 20% to 25% of global
Received Apr. 4, 2021, accepted June 13, 2021
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carbon fixation and 40% of primary production in all oceans and constitute the
major source of atmospheric oxygen (Berger, 2007; Renaudie, 2016).
Diatoms are widely distributed from equator to poles, and inhabit various types
of substrates (Round et al., 1990). They live either freely in the water column
(planktonic diatoms) or spend most of their time living on the bottom (benthic
diatoms). According to their living mode, benthic diatoms can be divided into two
subgroups: motile benthic diatoms and attached benthic diatoms (Pinckney et al.,
1994; Dickman et al., 2005).
Diatoms are usually more sensitive to environmental changes than other benthic
microalgae (Schneider et al., 2012). Thus, they are commonly used throughout the
world as bioindicators to monitor changes in water quality due to their specific
tolerance to various environmental parameters: nutrient concentrations, pH,
salinity, temperature, conductivity and organic pollution (Gale, 2016). One of the
most influencing environmental parameters on diatom distribution, occurrence and
growth is temperature, which is responsible for the appearance or disappearance of
the different diatom species (Bopp et al., 2005).
Diatoms exist and thrive across many environments ranging from cold water to
hot springs (Maguire et al., 2013). Some diatoms have a rather narrow temperature
range outside which cells die (Anderson, 2000; Zhang et al., 2018). On the other
hand, temperature affects diatoms more than any other environmental factor and
this effect can be in one of two distinct ways: directly on metabolic rates and
indirectly by its impact on nutrient availability and uptake (Lewandowska et al.,
2014). Temperature plays significant role in diatoms primary production (Berges et
al., 2002; Behrenfeld et al., 2006). Generally, productivity increase in lower
temperature as a result of increasing activity of some enzymes associated with
photosynthesis (Prelle et al., 2019).
In Southern Iraq, particularly in Basrah District, environmental conditions are
becoming severe during the prolonged warm periods which lead to desiccation in
several aquatic habitats such as the shallow ponds, marginal marshes and coastal
areas of Shatt Al-Arab river. Even so, no attempt was made to study the ability of
benthic microalgae to survive such conditions. The only few investigations made on
the tolerance of diatoms to environmental conditions focused on the effect of
various environmental parameters such as temperature on planktonic diatoms
(Hussein et al., 2009; Al-Shawi et al., 2012). These authors studied the effect of
thermal water discharged from electric power plants in Najebiya and Hartha sites
on planktonic algae and merely provided list of species found in the area. On a very
narrow scale, Al-Hassani et al. (2009) studied the optimum temperature and light
intensity for the growth of Nitzschia palea in culture conditions.
The present study aims at investigating the ability of diatoms to recover after
prolonged periods of high temperature and desiccation. It is the first study in the
region to elaborate the survival rate of diatoms in harsh environmental conditions.

Tolerance of benthic diatoms to severe environmental stress in Shatt Al-Arab River

224

Material and Methods
Study Area
Shatt Al-Arab River (30o 18' N, 48o 53' E) flows through Basrah City in
Southern Iraq and extends for approximately 204 km (Fig. 1). It originates by the
confluence of the two major rivers in Iraq, Tigris and Euphrates, at Qurna City
north of Basrah, flowing southwards to discharge into the Arabian Gulf. The river
width ranges between 400 m around Basrah City to 1500 m further south at Faw
Town, with a depth ranging from 7 to 14 m, depending on tidal cycle (Abdullah,
1990; Mohamed & Abood, 2017).
Ecological characters of the Shatt Al-Arab River are affected by the semi-diurnal
tidal cycle of the Arabian Gulf. During high tide, water rises to ca 3 m at Faw City
and ca 0.5 m around Basrah urban region (Al-Hassan & Hussain, 1985).
Historically, Shatt Al-Arab River also receives water from two tributaries, Swaib
and Karun rivers which flow in the Iranian territories. Swaib River receives water
from Huwaiza Marsh and discharges into water impoundments to the southern parts
of Qurna City. Karun River discharges into the southern part of Shatt Al-Arab river.
Both tributaries, however, were diverted into the Iranian land and no longer supply
water to Shatt Al-Arab River (Al-Hassan & Hussain, 1985).
Shatt Al-Arab River is the main waterway in Basrah and it is largely used for
drinking, agriculture and transport. Parts of the river, close to crowded populations,
suffers from high level of pollution, both organic and inorganic. In many places,
untreated domestic and industrial outflows find their way to the river, causing
various environmental stresses, which affect both human and aquatic life (Naff &
Hanna, 2003; Mohamed & Abood, 2017).
Sampling and Preparations
Sampling was carried out During July and August 2020 at three sites along the
shoreline of Shatt Al-Arab River (Fig. 1). Site 1 is located at Maqal area (30o 34´
39´´ N, 47o 46´ 45´´ E), about 8.1 km to north of Basrah City center, opposite to AlMaqal port. Site 2 was at Abu Flos village (30o 27´ 08´´ N, 48o 01´ 59´´ E), located
opposite to Abu Flos port, 25 km south of Basrah City Center and 45 km to site 1.
Site 3 was selected at Al-Faw City (29o 58´ 22´´ N, 48o 28´ 14´´ E) to represent
highly brackish water habitat.
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Figure 1: Map showing study area and location of sampling sites (black circles).

Diatoms Collection
Epipelic diatoms were collected by scrapping the uppermost 0.5 cm of sediment
from randomly selected spots at each site, following the technique described by
Eaton & Moss (1966). All samples were mixed and kept in large containers. Upon
return to the laboratory, sediment samples were remixed carefully and transferred
into plastic Petri dishes (9 cm diameter) with 1 cm depth. Except for the cover, all
Petri dishes were wrapped with aluminum foil to prevent light from penetrating to
the sediment and forcing diatom cells to migrate upwards. For each site, 100 Petri
dishes were used for various analysis. Small portions of the sediment were directly
treated for identification of natural diatom flora (see below).
Water Samples
From each site, water samples were collected in 10 L plastic containers for
culture experiments. In the laboratory, the water was filtered through GF/C filter to
eliminate any organic or suspended material and then left at room temperature.
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Environmental Parameters
In situ air and water temperature were measured by using ordinary mercury
thermometer. Salinity was measured by using portable conductivity meter model
Cond 3110 set 1 (WTW- Germany) and a portable pH meter model pH 3110 set 2
(WTW- Germany) was used to measure the hydrogen ion concentration.
Experimental Design
For testing the ability of diatoms to recover desiccation under different
temperature regimes, Petri dishes from all sites (50 Petri dish for each site) were
allowed to completely dry at 48-50 oC ambient temperature, away from dust, and
kept for four weeks. Prior to the experiment, four Petri dishes and one liter of
filtered natural water from each site were left in the incubator at a particular
temperature for 24 hours. This is necessary that dry samples and water have the
same temperature specified for the experiment. In the next day, dry samples were
covered with the filtered natural water and allowed to acclimatize for 24 hours in
the incubator. In order to collect only benthic diatoms that have recovered, a
microscope slide or lens tissue were placed on the sediment in each Petri dish.
Slides were inspected for growing diatoms every 72 hours for 14 days for each
experiment.
For inspecting the preferred temperature for diatoms to recover, experiments
were performed at 10, 15, 20, 25, 30, 35 and 40℃. This range of temperature values
was selected to mimic the expected temperature fluctuations in the study area
during different periods of the year. The effect of each temperature treatment was
tested by incubating four replicates of dry sediment for each site in an incubator
equipped with cool-white fluorescent tubes at a 16:8-h light: dark cycles. Filtered
natural water was added to Petri dishes when necessary to keep sediment samples
wet during the course of the experiments. No culture media or other nourishments
were incorporated in order to only simulate natural nutrient resources. Growth of
diatoms was monitored every 72 hours. This was carried out by removing the slides
from the sediment and growing diatoms were completely scrapped in small vials.
Scrapped samples were fixed with 70% ethanol until the time of further
treatment. Diatoms in the vials were later cleaned and permanent slides were made
for species identification and relative abundance estimation. Inspection of diatoms
recovery was made for five times (every 72 hours) during every temperature
experiment which lasted for two weeks. The period of two weeks was initially
determined after a poilet experiment for growing dry diatoms which showed that no
new growth was appeared after a two weeks incubation period.
Diatom Cleaning and Examination
Diatom frustules were cleaned by boiling in 30% concentration hydrogen
peroxide following the procedure described in Taylor et al. (2007) and Al-Handal
& Wulff (2008). Cleaned diatom suspension was placed on a coverslip and left to
dry at room temperature then mounted in Naphrax® (Brunel microscope Ltd.,
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Chippenham, UK). Diatoms were examined and photographed by using Zeiss Axiophot
2 imaging microscope (Carl Zeiss AB), at the Department of Marine Biology,
Marine Science Centre, University of Basrah. GBIF (2021) was followed for
checking the scientific names and authorities (excluding the year of authority) of all
concerned diatom species.
Relative Abundance (RA)
Relative abundance of all species encountered in both natural and cultivated
samples was estimated by counting 400 valves in each slide. Counting was made in
transapical lines across the cover slip until 400 counts were reached. RA was
estimated according to the following formula:
RA = (n/N) x 100
Where n= number of valves of each species counted and N= total number of
valves of all species (400).
Results
Environmental Parameters
The environmental features of the three sites are shown in Table 1. Air
temperature reached its highest value (42°C) in July and its lowest value (38°C) in
August. The highest water temperature of 33 °C was recorded at site 2, while the
lowest temperature reading of 31 °C was recorded at site 1. Narrow fluctuation of
pH was observed during the sampling, the maximum value of 8 was at site 3 and
the minimum value of 7.2 was at site 1. The lowest value of salinity (1.5 psu) was
recorded at site 1, while the highest value (5.2 psu) was recorded at site 3.
Table 1: Environmental parameters at the study sites in Shatt Al-Arab River during July
and August 2020.
Parameters
Sites
Site 1
Site 2
Site 3
Air temperature (°C)
38
42
38
Water temperature (°C)
31
33
32
pH
7.2
7.8
8
Salinity (psu)
1.5
3.2
5.2

Diatom Species Composition
In total, 67 diatom species were identified at all sites. These taxa are listed
alphabetically in Table 2. Epipelic diatom species assemblages included freshwater
forms (25%), brackish water forms (25%) and marine species (26%), the remainder
(24%) were of variable undefined ecological preferences from marine to fresh. In
general, most of the encountered species (93%) were pennate, constituting 64
species belonging to 28 genera. Centric diatoms constituted merely 7% of the
diatom community and included five species belonging to three genera. Nitzschia
was the most common genus with 15 species distributed at all sites, followed by
Tryblionella with six species, Navicula with four species, Cyclotella with three
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species and Gyrosigma with three species. Other genera were less diverse and were
represented by a single species (Table 2). Higher number of species was in August
at site 3, while lower number was in July at site 2. five species (Craspedostauros
britannicus, Nitzschia invisitata, Pinnularia quadratarea, Simonsenia sp. and
Tryblionella plana) found in this study were not previously reported from Iraq and
considered as new to the region. Among them, Synedropsis abuflosensis is new to
science and its type material has been deposited in the Botanscher Garten und
Botanischer Museum, Berlin, under reference no. B 40 0045147. Description and
distinguishing features of this species will be dealt with in detail in a separate
article.
Table 2: Ecology and relative abundance (RA%) of the natural diatoms assemblage at the

study sites. f: freshwater, b: brackish water, m: marine, un: unknown.
Numbers under each site represent RA%.
Species
Achnanthes brevipes var. intermedia
(Kützing) Cleve
Amphora copulata (Kützing) Schoeman &
Archibald
Bacillaria paxillifera (O.F.Müller) Hendey
Berkeleya scopulorum
(Brébisson
ex
Kützing) Cox
Brachysira sp.
Caloneis permagna (Bailey) Cleve
Campylodiscus bicostatus Grunow
Cocconeis euglypta Ehrenberg
Cocconeis pediculus Ehrenberg
Craspedostauros britannicus Cox
Ctenophora pulchella (Ralfs ex Kützing)
Williams & Round
Cyclotella meneghiniana Kützing
Cyclotella striata (Kützing) Grunow
Cyclotella sp.
Diatoma vulgaris Bory
Entomoneis corrugata (Giffen) Witkowski,
Lange-Bertalot & Metzeltin
Fallacia pygmaea (Kützing) Stickle &
D.G.Mann
Fragilaria koensabbei Al-Handal & AlShaheen
Giffenia cocconeiformis (Grunow) Round
& Basson
Gomphonella olivacea Rabenhorst
Gomphonema affine Kützing
Gyrosigma
acuminatum
(Kützing)
Rabenhorst
Gyrosigma wormleyi (Sullivant) Boyer
Gyrosigma sp.
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Halamphora sp. 1
Halamphora sp. 2
Lindavia sp.
Mastogloia smithii Thwaites ex W. Smith
Navicula erifuga Lange-Bertalot
Navicula viridula var. Rostellata (Kützing)
Cleve
Navicula sp. 1
Navicula sp. 2
Nitzschia brevissima Grunow
Nitzschia clausii Hantzsch
Nitzschia elegantula Grunow
Nitzschia filiformis (W.Smith) Hustedt
Nitzschia gracilis Hantzsch
Nitzschia hybrida Grunow
Nitzschia invisitata Hustedt
Nitzschia lorenziana Grunow
Nitzschia obtusa W.Smith
Nitzschia palea (Kützing) W.Smith
Nitzschia scalpelliformis Grunow
Nitzschia sigma W.Smith
Nitzschua umbonata (Ehrenberg) LangeBertalot
Nitzschia sp. 1
Nitzschia sp. 2
Petrodictyon
gemma
(Ehrenberg)
D.G.Mann
Pinnularia quadratarea (A. Schmidt)
Cleve
Placoneis clementis (Grunow) Cox
Planothidium
delicatulum
(Kützing)
Round & Bukhtiyarova
Pleurosigma
angulatum
(Queckett)
W.Smith
Prestauroneis crucicula (W.Smith) Genkal
& Yarushina
Rhoicosphenia abbriviata (C.Agardh)
Lange-Bertalot
Scoliopleura basrensis Al-Handal &
Pennesi
Simonsenia sp.
Surirella striatula Turpin
Surirella sp. 1
Synedropsis abuflosensis Al-Handal, AlShaheen & Al-Saedy
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Tryblionella
hungarica
(Grunow)
Frenguelli
Tryblionella littoralis (Grunow) D.G.Mann
Tryblionella plana (W.Smith) Pelletan
Tryblionella sp. 1
Williamsella iraqiensis Al-Handal &
Kociolek
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Effect of Temperature on Diatom Species Recovery
The recovery rate of diatom species at all sites appeared to be rather similar. A
total of 40, 38 and 37% of all taxa encountered at all three sites respectively were
able to recover from desiccation. Recovering ability of those species varies with
variable temperature. Suitable temperature for most species ranged between 15 and
25 oC, although few species flourished at higher temperatures. No growth was
observed at 40 oC. Figures 2, 3 and 4 illustrate the time and abundance (RA%) of
taxa recovered at all sites. To better describe the ability of species to recover, each
species is treated separately in the following and taxa are arranged depending on
their recovery time and abundance after submerging dry material in water.
Nitzschia palea (Pl. 4, Figs. 8 & 9): This is the only species that recovered at all
sites. Its regrowth started after three days and constituted the highest growth rate
with a relative abundance of 78% at site 3 where it dominated diatom assemblage.
The species was able to recover at all temperature treatments with high growth
frequency.
Nitzschia filiformis (Pl. 4, Figs. 3 & 13): This species was found only at sites 1
and 2. It recovered after three days with a high growth rate, constituting 62.2% of
the total recovered diatom species at site 1 for 10 oC and 39.9% for 30 oC at site 1.
Tryblionella sp. 1 (Pl. 6, Fig. 5): This species was observed only at site 3. Its
regrowth began after three days with a growth rate constituting 49.28% of the
recovered diatom species at this site for 10 oC.
Synedropsis abuflosensis (Pl. 1, Fig. 12): This is a new species, recorded only at
site 2. It took three days to recover with high growth rate, constituting 41% of the
total recovered diatom taxa at 10 oC, and 35.5% at 25 oC.
Nitzschua umbonata (Pl. 4, Fig. 12): This species appeared at sites 1 and 3. It
returned after three days only at site 1 with a high growth rate accounting for 35.4%
of the recovered diatom species at 25 oC and 25.9% at 30 oC.
Fragilaria koensabbei (Pl. 1, Fig. 13): This species was observed at sites 2 and
3. It was able to grow after three days of incubation. The best growth rate at site 2
with a relative abundance of 26.3% at 10 oC and 24% at 30 oC.
Nitzschia gracilis (Pl. 4, Fig. 11): This species was found at all sites. Its
regrowth began after three days only at sites 1 and 2. It reached its largest growth
rate at site 1, accounting for 26% and 20.3% of the recovered diatoms at 15 and 20
o
C, respectively.
Entomoneis corrugata (Pl. 6, Figs.10 & 11): This species started to appear after
three days at all sites with an ability to regrow at wider temperature range (15-30
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C), with the maximum relative abundance of 25.8% at 20 oC in site 3 and 15.8% at
20 oC in site 2.
Cyclotella striata (Pl. 1, Fig. 1): This species appeared at all sites. Its regrowth
started after three days at sites 2 and 3. The highest growth rate was observed at site
3 with a relative abundance of 25.1% at 10 oC. C. striata exhibited ability to regrow
and survive at 35 oC with a growth rate of 22%. C. striata and N. palea were the
only species that could grow at 35 oC.
Nitzschia sp. 1 (Pl. 4, Fig. 4): This species was found at site 3. It began to
regrow after six days, with a growth rate of 19.8% of the total recovered diatom
species at 30 oC.
Williamsella iraqiensis (Pl. 1, Fig. 10): This species was observed at sites 2 and
3. It began to regrow after three days at both sites, with the highest growth rates of
17.5% and at 9.5% at 20 and 15 oC, respectively at site 2.
Cyclotella menighiniana (Pl. 1, Figs. 2 & 3): This species was found at all sites.
It took three days to regrow at sites 2 and 3, with the highest growth rate of 10.63%
at 10 oC at site 3.
Nitzschia elegantula (Pl. 4, Fig. 10): This species was found only at site 3. It
recovered after three days, with the highest growth rate of 10.8% at 25 oC.
Thalassiosira sp. (Pl. 1, Fig. 5): This species appeared at site 3. It was recovered
after three days, with the best growth rate of 9.8% at 25 oC.
Navicula erifuga (Pl. 3, Figs. 1 & 2): It was observed at site 1. Its recovery
started after three days with a relative abundance of 9.5% at15 oC.
Cyclotella sp. (Pl. 1, Fig. 4): This species was observed only at site 3. It
recovered after three days and had the highest growth rate of 6.8% at 20 oC.
Surirella sp. 1 (Pl. 6, Fig. 7): This species appeared at site 3 only. Its regrowth
started after three days, with a relative abundance of 6.8% at 30 oC.
Amphora copulata (Pl. 5, Fig. 10): This species was found at site 2 only. It
started to regrow after three days, with growth rate composing 6.25% of the total
recovered diatom species t this site for 20 oC.
Caloneis permagna (Pl. 2, Fig. 8): This species was found at site 1 only. After
three days of incubation, its growth rate accounted for 4.2% of the overall
recovered diatom species at 25 oC.
The rest of the recovered taxa which included Cocconeis euglypta, Lindavia sp.,
Navicula viridula var. rostellata, Nitzschia brevissima, Nitzschia clausii,
Tryblionella coarctata, Tryblionella plana, Halamphora sp. 2, Petrodictyon
gemma, Surirella sp. 2, Nitzschia lorenziana, Gyrpsigma sp. did not exhibit any
significant growth rate and their relative abundance was almost less than 1% of the
total recovered assemblage (Table 2).
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Relative abundance (%)

Figure 2: Relative abundance and recovery time of diatom species with different
temperatures at site 1.
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Relative abundance (%)

Figure 3: Relative abundance and recovery time of diatom species with different
temperatures at site 2.
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Figure 4: Relative abundance and recovery time of diatom species with different
temperatures at site 3.
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Plate 1: L. M. images of some benthic diatoms from Shatt Al-Arab river, Basrah, Iraq.
1. Cyclotella striata, 2, 3. Cyclotella menighiniana, 4. Cyclotella sp., 5.
Thalassiosira sp., 6. Lindavia sp., 7, 8. Diatoma vulgaris, 9. Simonsenia sp., 10.
Williamsella iraqiensis, 11. Ctenophora pulchella, 12. Synedropsis
abuflosensis, 13. Fragilaria koensabbei.
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Plate 2: L. M. images of some benthic diatoms from Shatt Al-Arab river, Basrah, Iraq.
1. Rhoicosphenia abbriviata, 2. Mastogloia aff. Smithii, 3. Gomphonema affine, 4.
Achnanthes brevipes var. intermedia (sternum valve), 5. Achnanthes brevipes var.
intermedia (raphe valve), 6. Gomphonella olivacea, 7. Planothidium delicatulum,
8. Caloneis permagna, 9. Cocconeis euglypta, 10, 13. Prestauroneis crucicula, 11.
Cocconeis pediculus, 12. Placoneis clementis, 14. Berkeleya scopulorum.

237

Al-Saedy & Al-Shaheen

Plate 3: L. M. images of some benthic diatoms from Shatt Al-Arab river, Basrah, Iraq.
1, 2. Navicula erifuga, 3. Navicula viridula var. rostellata, 4. Navicula sp. 1, 5.
Navicula sp. 2, 6. Scoliopleura basrensis, 7. Brachysira sp., 8. Gyrosigma
wormleyi, 9. Gyrosigma sp., 10. Pleurosigma angulatum, 11. Gyrosigma
acuminatum.
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Plate 4: L. M. images of some benthic diatoms from Shatt Al-Arab river, Basrah, Iraq.
1. Nitzschia sigma, 2. Nitzschia hybrida, 3, 13. Nitzschia filiformis, 4. Nitzschia sp.
1, 5. Nitzschia sp. 2, 6. Nitzschia scalpelliformis, 7. Nitzschia lorenziana, 8, 9.
Nitzschia palea, 10. Nitzschia elegantula, 11. Nitzschia gracilis, 12. Nitzschua
umbonate, 14. Nitzschia brevissima.
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Plate 5: L. M. images of some benthic diatoms from Shatt Al-Arab river, Basrah, Iraq.
1, 2. Nitzschia obtusa, 3. Nitzschia clausii, 4. Bacillaria paxillifera, 5. Pinnularia
quadratarea, 6. Craspedostauros britannicus, 7. Giffenia cocconeiformis, 8.
Nitzschia invisitata, 9. Fallacia pygmaea, 10. Amphora copulata, 11. Halamphora
sp. 1, 12. Halamphora sp. 2.
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Plate 6: L. M. images of some benthic diatoms from Shatt Al-Arab river, Basrah, Iraq.
1. Tryblionella littoralis, 2. Tryblionella plana, 3. Tryblionella hungarica, 4.
Tryblionella coarctata, 5. Tryblionella sp. 1, 6. Tryblionella granulata, 7. Surirella
sp. 1, 8. Surirella striatula, 9. Petrodictyon gemma, 10, 11. Entomoneis corrugata,
12. Campylodiscus sp.
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Discussion
Despite of the limited sampling, both in time and number of samples, yet several
of the encountered taxa were not previously reported in Shatt Al-Arab River and
constitute new records to the diatom flora of Iraq (Al-Handal & Abdulla, 1994; AlHandal & Al-Shaheen, 2019). This could be attributed to the ongoing changes in
the environmental conditions in the river which lead to either disappearance or
appearance of new organisms (Al-Mayah & Al-Asadi, 2018).
In the present investigation, an attempt to understand how diatoms respond to
environmental stress, especially to high temperatures, was made. Therefore,
epipelic diatoms collected from coastal line of Shatt Al-Arab river, were exposed to
desiccation at 50 ͦ C in order to monitor their ability to recover such harsh
conditions. Diatoms tolerance to desiccation is not well known although few studies
pointed to limited number of species with certain level of regrowth after exposing
to prolonged period of exposure to air (Hargraves & French, 1975; Schmid, 2009;
Souffreau et al., 2010).
One of the most common recovered species was Nitzschia palea which appeared
at all sites and constituted 78% of the total recovered diatoms at site 3. It is not
unlikely that this species reappeared in such high frequency, it is well known to
occur in different environmental conditions (Ahirwar et al., 2020) and is common
in lotic and lentic habitats and sometimes the most abundant taxon (Trobajo et al.,
2009). It is also tolerant to high levels of toxic metal pollutants and pesticides
(Wang et al., 2020). This capability of surviving in extreme conditions, such as
desiccation, is attributed to its capability of tolerating wide environmental
fluctuations. N. palea had a maximum growth rate at all temperatures (10-35 oC).
Previously, it was thought that this species is unable to grow at temperatures above
30 oC (Beliveau & Hickman, 1982), whereas in this study it grew at 35 oC,
providing evidence that it can tolerate a higher temperature range.
Nitzschia filiformis is another species that recovered with a high growth rate, and
accounted for 62.2% of the total diatom species recovered at site 1. N. filiformis has
a wide ecological preference and was found to flourish in areas polluted by
industrial effluents (Lange-Bertalot et al., 2017). This species is one of the most
abundant tube-forming diatoms (Carr & Hergenrader, 1987; Fricke et al., 2017).
This might explain its ability to withstand desiccation. The present results indicated
that its optimum growth was at 10 oC and 30 oC, with less appearance at the other
treatments.
Tryblionella sp. 1 was one of the most recovered diatoms and constituted
49.28% at 10 °C at site 3. It was only recovered at this temperature, indicating its
narrow temperature preference. Since the definite identity of this species is not
known, it was not possible to relate its desiccation tolerance to any ecological
preference.
The newly found species, Synedropsis abuflosensis occurred at site 2 only. It
was recovered with a high growth rate of 41% at 10 °C and 35.5% at 25 °C.
Synedropsis is a small genus with only few representatives. It was not previously
recorded from all Asian inland or marine habitats. Ecology of this new taxon is
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different from all other known Synedropsis species by occurring as benthic and
epiphytic on algal mats which add a new environmental preference to this genus
whose taxa are either sea-ice forms (Hasle et al., 1994) or planktonic (Melo et al.,
2003; Prasad & Livingston, 2005).
Nitzschua umbonata recovered at sites 1 with a growth rate of 35.4% at 25 oC
and 25.9% at 30 oC. This species occurs sporadically in eu- to polytrophic,
saprobically impacted freshwater habitats which are rather similar to Shatt Al-Arab
River conditions. It is used as organic pollution indicator (Ndiritu et al., 2006;
Simsek, 2018). Such environmental stress resistance may explain its regrowth after
desiccation in the present study.
Fragilaria koensabbei is another species which recovered at sites 2 and 3 with a
growth rate of 26.3% at 10 oC and 24% at 30 oC. The distribution and ecology of
this species is not well known as it was recently described from Shatt Al-Arab
river. It is common, however, in Southern Iraq as planktonic and epiphytic (AlHandal & Al-Shaheen, 2019). The present results indicated that F. koensabbei
regrowth was achieved at all temperature treatments except for 35 oC.
Nitzschia gracilis was recovered at sites 1 and 2 with largest growth rate of 26%
and 20.3% at 15 and 20 oC, respectively. It was previously documented that
favourable temperature of optimum growth of this species is in the range of 15-30
o
C (Beliveau & Hickman, 1982) which coincides with the present finding. N.
gracilis is a widely distributed species (Hartley et al., 1986; Krammer & LangeBertalot, 1988), but its environmental preference is rarely known. Its recovery in
the present study, however, indicates its resistance to temperature extremes.
Entomoneis corrugata recovered at all sites with an ability to regrow at all
temperature treatments except for 35 oC. It reached maximum relative abundance of
25.8% at 20 oC (site 3) and 15.8% at 20 oC (site 2). E. corrugata is common in
Southern Iraq (Al-Handal & Al-Shaheen, 2019) but with limited distribution in the
World (Witkowski et al., 2000). However, its common occurrence in Shatt Al-Arab
River exhibits its tolerance to wide environmental fluctuations.
The two species of Cyclotella; C. striata and C. menighiniana showed noticeable
recovery although their environmental preference vary considerably. C. striata is a
marine to brackish water form and considered as good indicator to environmental
changes (Abate et al., 2017). It was recovered at site 3 with a relatively high growth
rate (25.1%) at 10 oC and showed the ability to grow at 35 oC, constituting 22% of
all other taxa. C. menighiniana is an organic and industrial pollution tolerant and
inhabit variable habitats (Buric et al., 2007). It was recovered at sites 2 and 3, with
the highest growth rate of 10.63% at 10 oC at site 3.
A number of species including Cyclotella sp., Surirella sp. 1 and Thalassiosira
sp. were able recover at site 3 only with relatively high relative abundance (Fig. 4).
All these taxa are of marine origin which explains their occurrence at site 3 which
is exposed to sea water during high tide. Their recovery indicates their ability to
tolerate temperature extremes.
Other species which their recovery was confined to one site included Navicula
erifuga and Caloneis permagna (site 1) and both Amphora copulata and
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Williamsella iraqiensis (site 2). Their relative abundance was relatively small in
comparison to the other taxa, but they exhibited noticeable tolerance to high
temperature.
It was previously documented that some species of diatoms can survive
desiccation by producing resting spores and resting cells, which is a successful way
for surviving environmental stress (Hargraves & French, 1975; Souffreau, 2011).
Resting cells act as a seed bank in the sediment (Jewson et al., 2006; Poulicková et
al., 2008) which could explain the rapid spring blooms of diatoms. Resting cells
and spores are also resistant to dark, cold and nutrient limited conditions (McQuoid
& Hobson, 1995). According to Sanyal et al. (2019), resting spores of diatoms can
survive for centuries in nature and the diatoms spores are still viable if the perfect
conditions are given. The present results showed that the germination period for
most of the species exposed to desiccation can occur within a short period, mostly
after 72 hours after return of natural conditions, which coincide with Sanyal et al.
(2019).
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Abstract: Two hundred and fifty-five fishes, belonging to six species, were
collected weekly from the Tigris River in the Al-Ataifiya Region, Baghdad
City during the period from July 2018 until the end of March 2019. The
examination of skin and gills of these fishes showed the occurrence of six
Myxobolus species. These included: M. erythrophthalmi, M. fahmii, M.
gobiorum, M. ichkeulensis, M. saugati and M. sclerii. The description and
measurements, besides the illustrations of these myxozoans parasites are given
here for the first time in Iraq. In addition, a list of all Myxobolus species, so far
recorded from the six infected fish species is given.
Keywords: Myxozoa, Myxobolus spp., Tigris River, Baghdad, Iraq

Introduction
Myxozoans are microscopic metazoan parasites belonging to the phylum
Myxozoa. They infect a variety of hosts and fishes are the most common hosts that
reported all around the World (Lom & Dykova, 2006). The genus Myxobolus
Bütschli, 1882 is the largest genus among myxozoans, with 856 nominal species
and considered as the most prevalent genus worldwide (Eiras et al., 2005, 2014).
Spores of this genus are microscopic, multicellular, and exist as pseudocysts within
tissues (histozic) or between tissues (coelozoic). These pseudocysts can exist in
various host tissues in a manner of white to pale yellow pock on the affected parts
of the body and enable to be seen in naked eyes (Kaur & Singh, 2008-2009; Gupta
& Kaur, 2017). Myxobolus species infect different organs of freshwater fishes such
as skin, fins, gills, eye, heart, gallbladder, liver, kidneys, spleen and wall of the
alimentary canal (Kaur, 2014).
In Iraq, the first study about Myxobolus species was by Herzog (1969) on M.
muelleri Bütschli, 1882, M. multiplicatus (Reuss, 1906) and M. oviformis Thelohan,
1892. Subsequently, several surveys were carried out on fish parasites from
different Iraqi inland waters and some fish ponds and farms revealed the record of
98 Myxobolus species (Mhaisen & Al-Jawda, 2020). Recently, Al-Jawda & Ali
(2021) recorded an additional Myxobolus species: M. hemibarbi Dogiel &
Received Apr. 20, 2021, accepted June 22, 2021
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Akhmerov in Akhmerov, 1960 from the yellow barbell Carasobarbus luteus for the
first time in Iraq in addition to the record of 20 fish host records for 12 Myxobolus
species in Iraq. So, more studies on fish parasites are needed to record more
parasite species and increase our knowledge of the fish's parasitic fauna in Iraq.
The present paper documents the first description of six Myxobolus species from
gills of six freshwater fish species from Tigris River in Al-Ataifiya Region,
Baghdad City.
Materials and Methods
Two hundred and fifty-five fishes, belonging to six species (Table 1), were
collected weekly from Tigris River in Al-Ataifiya Region, Baghdad City during the
period from July 2018 until the end of March 2019. Live fishes were brought to the
laboratory. They have been identified based on Coad (2010) and followed Fricke et
al. (2021) for updating the valid names. These fishes included five cyprinid fishes
(Arabibarbus grypus, Carasobarbus luteus, Garra rufa, Luciobarbus barbulus and
L. xanthopterus) in addition to one leucisid fish (Chondrostoma regium). External
organs of these fishes (skin, fins, gills and scales) were examined by dissecting
microscope to detect plasmodium that had been smashed to obtain spores. Fresh
smears from these organs, in addition to, internal organs (eye, gallbladder, liver,
spleen, kidneys, heart and wall of the alimentary canal) were taken from fishes and
macroscopically examined for spores.
The spores were immediately photographed in a live state by using a digital
camera. For permanent specimens, the spores were fixed in absolute methanol for
2-8 minutes and then stained with Giemsa solution for about 25-30 minutes, then
washed in water and desiccated (Saha & Bandyopadhyay, 2017).
Drawings were done by a Camera Lucida. Spores were described and measured
according to the guidelines of Lom & Arthur (1989). All measurements, unless
otherwise indicated, are given in micrometer (μm) as minimum-maximum (mean)
values. Updating the scientific name of fishes was done according to Froese &
Pauly (2021). The information on the previous records of myxozoans of fishes of
Iraq was achieved from the index-catalogue of parasites and disease agents of fishes
of Iraq (Mhaisen, 2021).
Results and Discussion
The examination of fishes showed their infection with six Myxobolus species. The
distribution of these parasites, their location on the fish host's body, and the
prevalence of infection are demonstrated in Table (1).

Six species of Myxobolus from freshwater fish species in Iraq

Table 1: Distribution of Myxobolus species on their fish hosts.
Myxobolus species
Host fish
No. of fishes
Prevalence
examined
infected
(%)
M. erythrophthalmi C. regium
37
2
5.4
M. fahmii
C. luteus
50
1
2
M. gobiorum
L. xanthopterus
48
1
2.1
M. ichkeulensis
A. grypus
84
2
2.4
M. saugati
L. barbulus
26
1
3.9
M. sclerii
G. rufa
10
1
10
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Site of
infection
Gills
Gills, Skin
Gills
Gills, Skin
Gills
Gills

The following is the description and measurements of these parasites (in μm),
based on five specimens of each parasite species.
Myxobolus erythrophthalmi Molnár, Eszterbauer, Marton, Cech & Székely,
2009 (Figure 1)
This parasite was isolated from gills of C. regium with a prevalence of 5.4%.
According to Mhaisen (2021), the only record of this parasite from fishes of Iraq
was that from C. regium by Abbas (2019). As neither detailed description nor
measurements for this parasite were published yet, the following is an account of
such information.
The plasmodia were not found during examination of the gill swabs, but several
spores were found scattered between the secondary lamellae of gill filaments. The
spores are mostly ellipsoid with seven sutural edge markings observed in fresh
spores. Spore length 11.0-11.8 (11.4) and width 9.6-8.8 (9.4). Two pyriform polar
capsules, equal in size, slightly converging anteriorly and occupying approximately
half the length of the spore, length 6.1-6.5 (6.3) and width 3.0-3.8 (3.4). No
intercapsular appendix was seen, but a small thickening between capsules could be
observed. The sporoplasm is homogenous and occupying whole of the
extracapsular space behind the polar capsules. The description and measurements
of the present M. erythrophthalmi are in agreement with those reported by Molnár
et al. (2009) from the blood vessels in the renal interstitium of Scardinius
erythrophthalmus in the Lake Balaton, Hungary.
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Figure 1: Myxobolus erythrophthalmi. A: Camera Lucida drawing (Scale bar = 6 μm).
B: Photomicrograph (400x).

Myxobolus fahmii Ali, Al-Rasheid, Sakran, Abdel-Baki & Abdel-Ghaffar,
2002 (Figure 2)
This parasite was found on skin and gills of C. luteus with a prevalence of 2%.
The only record of this parasite from fishes of Iraq was that from C. luteus by
Abbas (2019). As neither detailed description nor measurements for this parasite
were published yet, the following is an account of such description and
measurements.
The plasmodia were not found during examination of the gill swabs, but
several spores were found scattered in skin smears and between the secondary
lamellae of gill filaments. Spores are pear-shaped with a characteristic nipplelike anterior tip. Spore length 11.2-11.8 (11.5) and width 6.8-7.2 (7.0). Two
pyriform polar capsules, equal in size, converge from the front at over two-thirds
of their length and occupied more than half the spore length and are placed at a
distance posteriorly, length 7.2-7.4 (7.3( and width 3.4-3.6 (3.5). No
intercapsular appendix was seen. The sporoplasm is homogenous and occupying
whole of the extracapsular space behind the polar capsules. The descriptions and
measurements of the present M. fahmii showed agreement with those described
by Ali et al. (2002) from gills of Niger barb Barbus bynni (=Labeobarbus bynni)
from the Nile River in Egypt.
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Figure 2: Myxobolus fahmii. A: Camera Lucida drawing (Scale bar = 7.4 μm).
B: Photomicrograph (400x).

Myxobolus gobiorum Donec, 1984 (Figure 3)
This parasite was isolated from gills of L. xanthopterus with a prevalence of
2.1%. The only record of M. gobiorum from fishes of Iraq was from C. luteus by
Abbas (2019). The following is an account of description and measurements of this
parasite as neither detailed description nor measurements for this parasite were
published yet.
Plasmodia of this parasite are dark, small and oval to spherical cysts, mostly
found between secondary lamellae of gills and measured 0.06-0.12 (0.09) mm in
diameter. Spores are oval, elongated in shape with rounded anterior and posterior
ends. Spore length 10.2-11.4 (10.6) and width 8.4-9.2 (8.8). Two pyriform polar
capsules, equal in size, far from each other and occupied about half of the spore,
length 5.2-5.6 (5.4) and width 2.2-2.6 (2.3). Intercapsular process visible and
triangle in shape. The sporoplasm is granular occupying most of the posterior part
of the spore behind the polar capsules. M. gobiorum measurements and description
in the present study are in agreement with those mentioned by Shul'man (1984)
from fins of Gobio gobio in the Kuban ponds and reservoirs of the Crimean
peninsula.
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Figure 3: Myxobolus gobiorum. A: Photomicrograph of plasmodium (400x), B: Camera
Lucida drawing (Scale bar = 5.2 μm). C: Photomicrograph (400x).

Myxobolus ichkeulensis Bahri & Marques, 1996 (Figure 4)
This species was obtained from skin and gills of A. grypus with a prevalence of
2.4%. This parasite was recorded for the first time in Iraq from A. grypus by Abbas
(2019). As neither detailed description nor measurements for this parasite are
published yet, the following is an account of such information.
Plasmodia of this parasite are dark, small and rounded to spherical cysts, mostly
found between primary and secondary lamellae of gills and measured 0.08-1.1
(0.09) mm in diameter. Spores are spherical with nine sutural edge markings. Spore
length 13.3-13.9 (13.6) and width 12.2-12.8 (12.5). Two oval polar capsules, equal
in size and reach with their posterior end to half the length of the spore, length 5.56.1 (5.8) and width 4.1-4.3 (4.2). No intercapsular was visible between the anterior
ends of the polar capsules. The sporoplasm is homogenous and fills half of the
spore length. The description and measurements of the present M. ichkeulensis are
in agreement with those reported by Bahri & Marques (1996) from gills and fins of
Carassius auratus and Mugil cephalus in Lake Ichkeul in northern Tunisia.
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Figure 4: Myxobolus ichkeulensis A: Photomicrograph of plasmodium (400x), B: Camera
Lucida drawing (Scale bar = 4.8 μm). C: Photomicrograph (400x).

Myxobolus saugati Kaur & Singh, 2011 (Figure 5)
This species was recorded from gills of L. barbulus with a prevalence of 3.9%. M.
saugati was firstly recorded in Iraq from L. barbulus by Abbas (2019). The
following is an account on description and measurements of this parasite as neither
description nor measurements are published yet.
The plasmodium was not found in the swabs taken from the gills, but clusters of
spores were found between the secondary gill lamellae. The spores are ovoid with a
rounded anterior and posterior ends. Spore length 8.2-8.6 (8.4) and width 6.2-7.0
(6.6). Two pyriform polar capsules with the distinct neck at the anterior end, equal
in size, converge anteriorly and are placed at a distance posteriorly and exceeding
half length of the spore, length of capsule 4.0-4.4 (4.2) and width 1.2-1.6 (1.4). An
intercapsular process is absent. Sporoplasm is granular and occupying whole of the
extracapsular space behind the polar capsules. Description and measurements of M.
saugati in the present study agree with those mentioned by Kaur & Singh (2011) on
Labeo rohita scales in Kanjali River in Punjab, India.
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Figure 5: Myxobolus saugati. A: Camera Lucida drawing (Scale bar = 4 μm).
B: Photomicrograph (400x).

Myxobolus sclerii Kaur & Singh, 2010 (Figure 6)
This parasite was isolated from gills of G. rufa with a prevalence of 10%.This
parasite was recorded for the first time in Iraq from G. rufa by Abbas (2019). As
neither detailed description nor measurements for this parasite are published yet,
the following is an account of such information.
Plasmodia of this parasite are small, dark, oval to spherical cysts, mostly found
between secondary lamellae of gills and measured 0.6-0.8 (0.7) mm in diameter.
Spores are pyriform with a narrow anterior end and broad and rounded posterior
end. Spore length 8.3-8.9 (8.6) and width 4.8-5.2 (5.0). Two pyriform polar
capsules equal in size, converging closely towards the anterior end but placed at
distance posteriorly and occupy more than half of the spore cavity, length 4.1-5.3
(4.7) and width 1.4-1.6 (1.5). A medium-sized, rod-shaped intercapsular process
present. Sporoplasm is homogenous and half-moon shaped. The description and
measurements of the present M. sclerii agree with those of M. sclerii from the
eyeball of the catla Catla catla (=Gibelion catla) in Kanjali waters in India (Kaur &
Singh, 2010.
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Figure 6: Mxobolus sclerii. A: Photomicrograph of plasmodium (400x), B: Camera Lucida
drawing (Scale bar = 4 μm). C: Photomicrograph (400x).

Finally, it is worth to mention here all the previously reported Myxobolus species
so far recorded from the six infected fishes of the present study, depending on
Mhaisen (2021) are as in the following.
A. grypus is infected with 39 species of Myxobolus which included M.
amurensis, M. bramae, M. branchialis, M. branchiophilus, M. buckei, M. carassii,
M. caudatus, M. chondrostomi, M. cyprinicola, M. dispar, M. dogieli, M. drjagini,
M. ellipsoides, M. exgiuus, M. ichkeulensis, M. intrachondrealis, M. karelicus, M.
karuni, M. koi, M. krokhini, M. kubanicus, M. lussi, M. macrocapsularis, M.
muelleri, M. multiplicatus, M. musculi, M. naffari, M. nemacheili, M. niei, M.
orientalis, M. oviformis, M. parvus, M. persicus, M. pfeifferi, M. poljanski, M.
problematicus, M. schulmani, M. sphaericus, M. szekeli as well as unidentified
Myxobolus species.
C. luteus is infected with 66 species of Myxobolus which included M. acutus, M.
adeli, M. amurensis, M. bliccae, M. bouixi, M. bramae, M. branchilateralis, M.
bulbocordis, M. chondrostomi, M. cyprini, M. cyprinicola, M. dermatobius, M.
dispar, M. dogieli, M. drjagini, M. ellipsoides, M. exgiuus, M. fahmii, M. feisti, M.
follius, M. gigi, M. hemibarbi, M. impressus, M. intrachondrealis, M. iranicus, M.
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karuni, M. koi, M. kubanicus, M. lobatus, M. lomi, M. macrocapsularis, M.
magnus, M. mesopotamiae, M. muelleri, M. musajevi, M. musculi, M. nemacheili,
M. niei, M. obpyriformis, M. orientalis, M. oviformis, M. paludinosus, M. parvus,
M. permagnus, M. persicus, M. pethericii, M. pfeifferi, M. phylloides, M. poljanski,
M. problematicus, M. pseudodispar, M. pseudorasborae, M. rotundatus, M.
sanagaensis, M. schulmani, M. sessabai, M. shadgani, M. sharpeyi, M. spatulatus,
M. sphaericus, M. sprostoni, M. squamae, M. suturalis, M. szekeli, M. talievi and
M. uniporus.
C. regium is infected with 23 species of Myxobolus which included M. alienus,
M. branchialis, M. bulbocordis, M. cyprinicola, M. dermatobius, M. dispar, M.
drjagini, M. erythophthalmi, M. impressus, M. karuni, M. kubanicus, M. muelleri,
M. musculi, M. naffari, M. oviformis, M. paludinosus, M. parvus, M. pfeifferi, M.
poljanski, M. pseudodispar, M. schulmani, M. sharpeyi and M. sphaericus.
G. rufa is infected with M. dogieli, M. drjagini, M. musculi, M. oviformis and M.
sclerii.
L. barbulus is infected with 13 Myxobolus species which included M. chuatsi,
M. cyprinicola, M. dispar, M. drjagini, M. kubanicus, M. lussi, M.
macrocapsularis, M. muelleri, M. oviformis, M. pfeifferi, M. saugati, M. shadgani
and M. sphaerocapsularis.
L. xanthopterus is infected with 25 Myxobolus species which included M.
acutus, M. bramae, M. cyprinicola, M. dispar, M. dogieli, M. drjagini, M.
ellipsoides, M. gobiorum, M. improvisus, M. koi, M. kubanicus, M. molnari, M.
muelleri, M. nemacheili, M. oviformis, M. parvus, M. pfeifferi, M. poljanski, M.
rotundus, M. sandrae, M. sphaericus, M. sphaerocapsularis, M. squamae, M.
tilapiae, M. yini as well as unidentified Myxobolus species.
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Abstract: Salinity changes in the Shatt Al-Arab Estuary and North-West
Arabian Gulf were monitored and reviewed in terms of the shortage of
freshwater inflows to the Shatt Al-Arab Estuary. Data from previous and
current surveys on marine mammals in the area have also been checked and
compared to study the biodiversity under newly-developed circumstances. The
Eco-physiological investigation was performed to assess the salinity tolerance
limits of whales, dolphins and dugong. One-third of the world’s 81 species of
whales and dolphins, collectively called cetaceans, are thought to occur off the
shores in the area. The new checklist is prepared according to recent surveys in
the neighbouring Arab Gulf countries and the known checklist of mammals in
Iraqi waters. Spatial variation of the marine mammals of the southern part was
governed by the occurrence of feeding habitats rather than a direct response to
salinity variations. Alteration of seaweed’s habitats in response to water
pollution is reported to have a direct effect on the biodiversity of mammals in
the gulf. The results of this review were discussed in terms of salinity
tolerance, hazardous ecological factors and spatial variation. No obvious effect
of salinity changes imposed by the shortage of freshwater inflow on the
distribution or loss of marine mammals neither on their habitat in the Arabian
Gulf.
Keywords: Arabian Gulf, Marine mammals, Shatt Al-Arab Estuary

Introduction
The Arabian Gulf is a remarkably salty sea. There are few rivers to contribute a
flow of freshwater, such as Shatt Al-Arab River which in turn suffer from
freshwater flow. The Shatt Al-Arab River is the chief supply of fresh water to the
northern Gulf. This river has a length of 195 km and an average width of 500 m
with a depth that differs from 8-15 m downstream to Basrah (Al-Ramadhan &
Pastour, 1987). The usual river overﬂow into the gulf ranges from 1456 m3/s
(Reynolds, 1993) to 1750 m3/s (Al-Hassan, 1999). Because of high temperatures,
the shallow water evaporates faster than it is replaced by the inflow from the Tigris
and Euphrates rivers and the smaller rivers of the eastern shore. Thus, though the
salinity of the world's oceans averages 35‰ psu, in the gulf the study of AlYamani et al. (2008) found salinities ranging from 38 to 70‰ psu in open waters.
Received Apr. 6, 2021, accepted June 23, 2021
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The high salt content of the water, like high temperatures, is a stress that gulf
creatures, such as fishes and mammals, must be able to tolerate if they are to
survive; many have learned to thrive on it, though through very effective
osmoregulatory and thermal adaptability mechanisms (Al-Yamani et al., 2008).
Exceptionally high salinity embayment is common in many locations along the
southern shores of the gulf. The relative richness and productivity of these areas are
poorly understood; salinity rises to between 55 and 65‰, yet benthic diversity
remains moderately high (Loughland & Zainal, 2009), but where salinity rises to
over 60-90‰, algae ultimately grade to cyanophyte dominated zones, with
diminishing diversity. In extremes of these gradients, fauna becomes very limited
though very few species may remain abundant (Al-Saad & Salman, 2012).
However, relatively stable, high-level salinity and temperature environments in
the Arabian Gulf are in contrast with the changing conditions of the monsoon
regime and vigorous upwelling phenomena which govern the climate and
productivity of the oceanic waters adjacent to the Arabian seas (Notarbartolo di
Sciara et al., 2021). Despite the harsh environmental conditions of the Arabian
Gulf, it contains internationally important ecosystems comprising coral reefs,
seagrass beds and mangrove forests (Burt, 2014; Vaughan et al., 2019). The
tropical waters of the Arabian Gulf have a long history of maritime resource
richness and the high levels of biodiversity were due to the complex matrix of
coastal habitats, coral reefs and seagrass beds in this region (Edmonds et al., 2021).
The freshwater inlets dilute the high salinity water of the north-western region
of the gulf. The estuary represents a strong connection between the habitats of the
inland marshes of Iraq and the northern part of the Arabian Gulf as far as the
species and nutrients are concerned (Al-Yamani et al., 2008). There are several
physical and chemical changes that the water discharge of the Shatt Al-Arab River
generates in the northern part of the Arabian Gulf area (Jawad, 2021). These
changes can be seen in the hydrodynamic variations, where the water discharge
aids the counterclockwise circulation of the gulf; changes in both temperature and
salinity (Al-Yamani et al., 2004; Al-Yamani, 2008). The most important is the
drainage and the decrease in river water discharge due to upstream use. The
shallow water in the northern part is influenced by the Shatt Al-Arab River
discharge that is more productive than open gulf water (Nezlin et al., 2007).
Reduced flushing of Iraqi southern marshlands with freshwater decreased them
from 8500 km2 in 1984 to 745 km2 in 2002. Flushing would aid in removing salts.
Flooding the marshlands with river waters after the 2003 war partially restored
them to 4000 km2 (Richardson et al., 2005; Jones et al., 2006).
Fluvial outflow is rich in nutrients (Talling, 1980) which can be attributed to the
river run-off. These nutrients, silicates, in particular, sustain a qualitatively and
quantitatively rich diatom crop in the northern gulf water (Subba Rao & AlYamani, 2000).
Diversion of water increased pollution, and negatively impacted the biota. It
reduces catches of commercially important fishes (Volovik, 1994). Changes in
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nutrient load, caused by damming, can affect the food web in surface waters
(Humborg et al., 1997), which is possibly occurred in the gulf.
Sources and Methods
A total of 56 references (29 published research papers, nine reports, 12 books,
three atlases and three classification and database websites) dealing with the
ecology of the Arabian Gulf and Shatt Al-Arab Estuary concerning the biodiversity
of the marine mammals in the Arabian Gulf were employed. Data from such
references were gathered to provide reliable information on the impact of
fluctuations of Shatt Al-Arab discharge on the environmental conditions of the
Arabian Gulf and their effects on the occurrence of marine mammals. The review
ended up by preparing a checklist of marine mammals recorded to occur in the
Arabian Gulf. The scientific names, authorities and the classification families and
orders in the checklist were prepared according to the Global Biodiversity
Information Facility (GBIF, 2021). Scientific names of the marine mammals in the
text were reported as they appeared in their original references.
Results and Discussion
Mammals of the Arabian Gulf
Cetaceans
The Arabian Gulf is an important habitat for marine mammals. One-third of the
81 species of whales and dolphins, collectively called cetaceans, are thought to
occur off the shores in the Arabian Gulf. According to some surveys, 21 species of
cetaceans are reported to occur in the Arabian Gulf (Baldwin, 2003; Preen, 2004).
About eleven species of dolphins and porpoises have been identified in the Arabian
Gulf, most of which are very rarely encountered and suggested to be seasonal or
transit visitors (EHC, 2003). The dolphins are better known than the whales,
because some species are often encountered by fishermen and people in sailboats or
yachts.
Much of what we know about the local species of cetaceans was based initially
on proper research which was done by Robert Baldwin in the UAE. The aerial
surveys of the southern and western Arabian Gulf (the waters of the UAE, Qatar,
Bahrain and Saudi Arabia) that were conducted in 1986 and 1999/2000 provided a
good picture of the relative abundance and distribution of small cetaceans (Preen,
2004). According to Preen (2004), during the aerial surveys, animals were counted
along parallel strips of water (transects) that were 400 m wide and 3.7 km apart, so
that 11% of the area was censused. In 1986, 65 groups of cetacean were counted
and the index of abundance was 1,690 dolphins and porpoises. In 1999, only 19
groups were seen along the same transects and the index of abundance was only
489. The difference between surveys is statistically highly significant and indicates
a 71% decline in the abundance of cetaceans over 13 years.
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Near-shore Cetaceans
Data from aerial surveys indicated that at least within nearshore waters (out to a
depth of >20 m), the bottlenose dolphin Tursiops truncatus is the most common
species, accounting for about 70% of all small cetaceans. The species was also
mentioned to occur in the Arabian Gulf by Mohamed & Hussain (1998), but no
details were offered by those authors to distinguish the animals they sighted from
T. aduncus. Notarbartolo di Sciara et al. (2021) suggested that more data must be
collected before T. truncatus is considered to be present in the gulf. Instead, T.
aduncus seemed to be recorded throughout the region’s coastal waters (Braulik et
al., 2010; Cowan, 2013). The bottlenose dolphin is less restricted and occurs in
shallow through to deep water. Only 29% of bottlenose dolphins seen on the aerial
surveys were in water less than 10 m deep (Preen, 2004). It is easily recognized by
its short stubby beak and a large forehead.
The humpback dolphin Sousa chinensis is most common in shallower waters
and is the species most likely to be seen very close to the coast. During the aerial
surveys, 96% of humpback dolphins were in water less than 10 m deep. The IndoPacific humpback dolphin makes up about 27%. It stays in shallow but open
waters. According to Bishop & Alsaffar (2008) between February 2004 through 1
March 2005, 524 Sousa chinensis dolphins were observed over a total of 389 hours.
Observations were recorded for each water body surrounding Boubyan Island.
Seasonal sightings of S. chinensis peaked in spring at nearly 2/h. Overall, April was
the best month for S. chinensis sightings at nearly 4/h, and Khor Abdullah, with an
average of 2/h, was the best location. The highest monthly sightings of S. chinensis
occurred in Khor Abdullah in June when an average of 6.5/h was observed. Based
on the maximum number of sightings in one day, the population of S. chinensis in
the Boubyan area is believed to be 70-100 individuals. Another humpback dolphin,
S. plumbea, is an exclusively coastal species that is frequently reported from very
shallow nearshore waters with a largely continuous distribution along much of the
coastline of the Arabian Gulf (Baldwin et al., 2004; Notarbartolo di Sciara et al.,
2021).
The Indo-Paciﬁc ﬁnless porpoise is recorded in the gulf throughout coastal
waters from the Strait of Hormuz, Iran, Kuwait, Saudi Arabia, Qatar, Bahrain and
UAE (Baldwin, 2003; Collins et al., 2005). In the habitat of shallow water channels
between mudbanks and mangrove swamps lining the offshore islands, the rare
finless porpoise (Neophocaena phocaenoides) is most at ease (Bishop & Alsaffar,
2008). The finless porpoise is the smallest dolphins, distinguished by the lack of a
dorsal fin. This dolphin likes to come close inshore to hunt in the mangrove-lined
shallow sea-water channels of the offshore islands. It counts for 1-2% of the total.
The few sightings of finless porpoise suggest that it may be found in shallow or
deep water (Bishop & Alsaffar, 2008). An even more acrobatically gifted dolphin is
the Spinner dolphin (Stenella lonirostris). It is smaller (up to 2 m) and has a white
belly and a grey flank band. During its leaps, it spins around its longitudinal axis
and somersaults in spectacular displays. Spinners can occur both in the deep waters
of the Arabian Gulf in pods of up to 300 individuals.
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Deep Water Cetaceans
The deep waters of the Arabian Gulf on the edge of the continental shelf contain
more species than the warm, sandy shallow waters. In the former habitat, one may
find the mighty sperm whale (Physeter macrocephalus) that reaches 20 meters in
length, although no conﬁrmed records of sperm whales in the gulf (Notarbartolo di
Sciara et al., 2021). Even larger blue whale (Balaenoptera musculus) which may
grow to 30 meters in length could be found here as reported by Baldwin (2003)
who suggested that blue whales are rare, but widespread in the region, occurring
even in the Arabian Gulf. The largest of the dolphins, the 4 meters long Risso's
dolphin (Grampus griseus), a deep water species, which was not conﬁrmed to be
recorded from the gulf because the basin is not expected to be a suitable habitat for
them (Notarbartolo di Sciara et al., 2021).
The other baleen whale is the fin whale (Balaenoptera physalus) that grows up
to 20 meters in length. It is both an open ocean dweller and a visitor of coastal
waters and therefore found in the Arabian Gulf. Among the smaller whales are
Bryde's whale (Balaenoptera edeni), the Sei whale (Balaenoptera borealis) and the
mink whale (Balaenoptera acutorostrata). Bryde's whale has been recorded from
the Arabian Gulf as mentioned by Braulik et al. (2010) and Notarbartolo di Sciara
et al. (2021) who stated that this species occurs regularly in the gulf. It is probably
the most common whale on the coast and breeds in this region. The Sei whale
grows up to 20 meters long and is easily confused with other whales of similar size.
They are, however, rarely seen since they stay in deep waters.
All the other odontocetes here are dolphins, including the misnamed killer
whales and false killer whales. Killer whales (Orcinus orca) appear to occur with
some regularity in the gulf (Baldwin et al., 1999). They live and hunt in pods of up
to 30 individuals. The false killer whale (Pseudorca crassidens) has been recorded
from the Arabian Gulf (Preen, 2004). It is widely distributed throughout the
Arabian region, including the Arabian Gulf (Al-Robbae, 1971; Baldwin, 2003).
They can approach within touching distance and are a favourite of whale-spotters.
Owfi et al. (2016) stated that the most recorded dolphins were finless porpoise,
Indo-pacific humpback dolphin and Indo-pacific bottlenose dolphin, and this is
reflecting their inshore distribution and local abundance.
Sirenians (Dugongs)
The Arabian Gulf is home to the largest known population of dugongs (Dugong
dugon). The highest numbers are found in the gulf off the coasts of Saudi Arabia,
Bahrain, Qatar and UAE (Preen, 2004). They appear to be only occasional visitors
to the north Arabian Gulf coast. Abu Dhabi Emirate contains about half the gulf
population of dugongs and represents the single most important site for this
threatened species in the western half of its world range (EHC, 2003).
The dugong is an unusual marine mammal of tropical and subtropical coastal
waters of the Indian and southwest Pacific oceans. Dugongs feed almost
exclusively on seagrasses, making them the only herbivorous mammal that is
strictly marine. They are long-lived, slow-breeding animals. They become sexually
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mature between 10-15 years of age, have a single calf every 3-7 years and can live
to the age of 70 years (Marsh et al., 1984). Dugongs are docile, relatively slowmoving, large, and, in many countries, a desirable source of meat. Moreover, their
seagrass diet restricts them to the same shallow coastal waters that are most
intensively used by people. Seagrasses loss can adversely affect the occurrence and
distribution of the species.
Osmoregulatory Adaptation to Salinity Changes
Ecophysiological adaptations of cetaceans in response to salinity changes are
concentrated on preventing the uptake of more saltwater. This will enable marine
mammals to live without an urgent need for freshwater. Such osmoregulatory
adaptation can be done through various mechanisms, such as preventing the
penetration of water by the impermeable skin, satisfying water requirements via
their fish food which contains more diluted fluids than seawater, inactivation of
water reabsorption process by the kidney and conserving metabolic water by underskin fatty layers in a similar manner to that of desert animals (Salman & Eddy,
1988).
Threats of Marine Mammals in the Arabian Gulf
Cetaceans
Many marine world megafauna’s populations have decreased due to
unsustainable direct exploitation or incidental mortality (Anderson et al., 2011;
McClellan et al., 2014). Many coastal cetaceans have distinct ‘home ranges’
restricting their ability to simply move to alternative habitats nearby (Baldwin et
al., 1999; Baldwin, 2003), and alternatives are, in any case, often greatly altered
themselves. A range of insidious threats such as pollution and noise occur in the
gulf, some of which are difficult to quantify (Reynolds et al., 1999). Few cetaceans
have been studied in the gulf in any detail (Baldwin, 2003), some exceptions being
the ‘very rare’ finless porpoise (Reeves et al., 1997; Jefferson & Hung, 2004). The
status of S. chinensis is unknown (Baldwin et al., 2004), except for records at
Kuwait’s Boubyan Island (Bishop & Alsaffar, 2008). A single published set of
cetacean abundance measurements in UAE waters, however, provides evidence for
a marked decline in dolphins. During an aerial census focusing on dugongs in 1986
and repeated in 1999, Preen (2004) detected a statistically significant decline of
over 70% in dolphin abundance.
All of the whales and many of the dolphins are endangered animals. Threats to
whales are widespread and include ﬁshery entanglements (Moazzam & Nawaz,
2014), ship strikes and pollution (Dakhteh et al., 2017). Owfi et al. (2016) stated
that the largest threat to marine mammals in Iran is incidental capture in fishing
gears, where six bycaught finless porpoises were recorded and it is well known that
this species may be particularly vulnerable to incidental mortality caused by
gillnets.
The decline in cetacean numbers is a matter of great concern. Factors
contributing to this decline are likely to be repeated cetacean die-offs and mortality
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in fishing nets. Dolphins and porpoises may get caught in the large-meshed nets.
There have been at least two substantial die-offs of small cetaceans in the Arabian
Gulf since the 1986 survey. In late 1986, at least 532, and perhaps up to 2,000
cetaceans died along the coasts of Qatar, Saudi Arabia and Bahrain. Most of the
dead dolphins were found near the southern Qatar border, suggesting that the dieoff extended into the UAE. In 1991, 81 cetacean carcasses were found along the
Saudi and Bahrain coasts (Preen, 2004) and this die-off may also have extended
into the UAE. These die-offs could have had a serious impact on the populations of
cetaceans in the UAE. Small cetaceans are known to be vulnerable to drowning in
fishing nets (Harwood & Hembree, 1987) and at least two species are in imminent
danger of extinction because of net-fishing activities (Perrin et al., 1994).
There is little current information on the status of the Bryde’s whales in the
region, although evidence from relatively frequent stranding’s suggests they are
vulnerable to entanglement in gillnets and ship strikes (Kershaw et al., 2013).
There is no information on the current status of the Blue whale in the region,
though infrequent live sightings and strandings conﬁrm their continued occurrence
(Notarbartolo di Sciara et al., 2021). Evidence for human-caused mortality of
Sperm whale, including those caused by ship-strike, ﬁsheries interactions and
sound pollution from oil exploration activities have been described from an
assessment of a limited number of strandings (Baldwin, 2003). The Indo-Pacific
common dolphin is frequently recorded as bycatch (Braulik et al., 2010). There was
a mass stranding of 11 Indo-Paciﬁc common dolphins at Bandar-e-Jask on the
Iranian coast, in 2011 (Mohsenian et al., 2014).
Dugongs
The fate of dugongs is increasingly dependent upon the actions of humans.
Internationally, dugongs are listed as vulnerable to extinction (IUCN, 1996), and
they are listed as endangered in many jurisdictions. Although dugongs are legally
protected in many countries, there is generally little enforcement of these laws and
dugongs are still widely hunted and caught in nets. Due to their low reproductive
rate, dugong populations are likely to decline if human-related mortality exceeds 12% of females per year (Marsh et al., 1984). However, hunting has declined in the
Arabian region, due to the increased affluence of coastal people (Preen, 1989). In
most areas, the take of dugongs in mesh fishing nets now seems to be a greater
threat. These nets, which may be set primarily to catch fishes or dugongs, are now
extremely widespread in subsistence and commercial fisheries in tropical coastal
waters. Dugongs are known to get caught in the large-meshed nets used in the
Marawwah Island region of Abu Dhabi.
Over the period 1986 and 1999, the dugong population remained unchanged
despite documented chronic impacts from fisheries activities, such as bycatch
(Baldwin & Cockcroft, 1997). The global status of D. dugon was assessed as
vulnerable on the IUCN Red List. However, assessments conducted on a regional
basis recognized that dugongs from the Arabian Gulf still be considered as data
deﬁcient (Marsh et al., 2011).
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Dugongs are also vulnerable to pollution, especially by oil. In the Arabian Gulf, at
least 37 (but possibly more than 200) dugongs died during the 1983 Nowruz oil
spill (Preen, 1989). Loss of habitat also threatens dugongs in some areas. Seagrass
meadows that support dugongs can be damaged or lost as a result of increased
water turbidity, sedimentation, eutrophication or disease (den Hartog, 1987; Walker
& McComb, 1992). Dugong populations that are fragmented and reduced by overexploitation become especially vulnerable to rare events like oil spills or natural
disasters.
Globally Threatened Marine Mammals
Globally threatened marine species, used to be present in the Arabian Gulf, are
blue whale, Balaenoptera musculus (absent from Northern Gulf), humpback whale,
Megaptera novaeangliae (absent from Northern Gulf) and dugong, Dugong dugon
(vagrant in Northern Gulf, important further south).
Finally, it’s appropriate to show here a list of marine mammals of the Arabian
Gulf. The following is a systematic account of such mammals. Their scientific
names, authorities, families and orders are according to GBIF (2021).
Phylum Chordata
Class Mammalia
Order Cetacea
Family Balaenopteridae
Balaenoptera acutorostrata Lacépède, 1840
Balaenoptera edeni Anderson, 1879
Balaenoptera borealis Lesson, 1828
Balaenoptera musculus (Linnaeus, 1758)
Balaenoptera physalus (Linnaeus, 1758)
Megaptera novaeangliae (Borowski, 1781)
Family Delphinidae
Delphinus delphis Linnaeus, 1758
Grampus griseus (G. Cuvier, 1812)
Orcinus orca (Linnaeus, 1758)
Pseudorca crassidens (Owen, 1846)
Sousa chinensis (Osbeck, 1765)
Sousa plumbea (G. Cuvier, 1829)
Stenella longirostris (Gray, 1828)
Tursiops aduncus (Ehrenberg, 1833)
Tursiops truncatus (Montagu, 1821)
Family Phocoenidae
Neophocaena phocaenoides (G. Cuvier, 1829)
Family Physeteridae
Physeter macrocephalus Linnaeus, 1758
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Order Sirenia
Family Dugongidae
Dugong dugon (Müller, 1776)
Conclusions
As a conclusion, we can summarize the following general threats of marine
mammals in the Arabian Gulf: Fishing or accidentally fishing by seine and trawling
nets, destroying the mammal’s habitats, pollutions, especially oil pollution,
disturbance due to aquaculture and tourism, epidemic diseases and accidents of
collision with marine boats.
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First Record of Dichelyne (Cucullanellus) tripapillatus (Nematoda:
Cucullanidae) Parasitic in King Soldier Bream Argyrops spinifer
(Pisces: Sparidae) in Arabian Gulf, off Iraq
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Abstract: A total of 42 specimens of Argyrops spinifer were caught from Iraqi
territorial waters during the period from October 2019 till September 2020. The
adult nematodes were isolated from the infected fishes. Morphological features
of both males and females of nematodes matched with that of Dichelyne
(Cucullanellus) tripapillatus (Gendre, 1927). This nematode is distinguished
by the location of nerve ring in relation to the length of oesophagus, as well as
the distribution of the ten caudal papillae of males. The record of this species
and its subgenus represent its first one in the Arabian Gulf and Iraq.
Keywords: Parasites, Marine Fishes, Sparidae, Nematodes, Dichelyne, Iraq

Introduction
King soldier bream, locally named Endek, is an economically important fish
desirable for the Iraqi consumer and the female has the ability of sex reversal
during its late age (Khalaf et al., 2020). This teleost spreads in the western Pacific
and Indian regions to northern Australia. Fries are usually shallow water dwellers,
while adults are deep water bottom dwellers, and feed on invertebrates, especially
molluscs and crustaceans (Froese & Pauly, 2021).
Parasitic studies dealt with Argyrops spinifer (Forsskål) are few in the Arabian
Gulf Region. This fish were found to be infected with trematodes and larvae of
nematodes (Saoud et al., 1986; Petter & Sey, 1997; Sey et al., 2003; Kardousha,
2016).
The family Cucullanidae includes three genera: Cucullanus, Dichelyne and
Oceanicucullanus. Dichelyne is a global genus with 36 valid species parasitize
many species of teleosts from different habitats, including marine, river and
brackish waters (WoRMS, 2021).
Two species and one unidentified species of Dichelyne were recorded from
fishes of Arabian Gulf: Petter & Sey (1997) recorded D. (Dichelyne) exiguus
(Yamaguti, 1954) from Otolithes argenteus (= O. ruber) (Sciaenidae) and
Dichelyne (D.) sp. from the snapper Lutjanus coccineus (=Lutjanus sanguineus)
Received Apr. 23, 2021, accepted June 28, 2021
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(Lutjanidae) from Kuwaiti water. Moravec et al. (2014) described Dichelyne (D.)
spinigerus from O. ruber off Iranian coasts.
Cucullanidae species reported in Iraq are all belong to Cucullanus, with three
species and two unidentified species viz., C. armatus Yamaguti, 1954 from Netuma
thalassina (Ali, 2008; Al-Salim & Ali, 2011), C. extraneus Li, Ali, Zhao, Lü, &
Xu, 2017 was described as a new species from Pomacanthus maculosus (Li et al.,
2016), C. otolithi (Ashraf, Khanum & Farooq, 1977) from O. ruber (Al-Daraji,
1995, Ali et al., 2014); Cucullanus sp. 1 from Lethrinus nebulosus (Ali, 2008; Ali
et al., 2014) and Cucullanus sp. 2 from of two sparids; Acanthopagrus arabicus and
A. spinifer (Al-Hasson, 2015; Mhaisen et al., 2018; Al-Hasson et al., 2019).
Local studies of parasites of king soldier bream were rare. Al-Hasson (2015) and
Al-Hasson et al. (2019) isolated Cucullanus sp., Hysterothylacium sp. type BA,
Hysterothylacium sp. type BC and unidentified mazocraeid monogenoidea. Bannai
(2018) recorded Gnathostoma binucleatum Almeyda-Artigas, 1991. However, it is
known that the spiny body is a distinguishing character between Gnathostoma and
Echinocephalus (Anderson et al., 2009). It was impossible to see that in the photos
of figure 2, and no mention to this character was given in the brief description of G.
binucleatum. So, such specimens may belong to Echinocephalus.
The present parasitological survey of endoparasitic helminths of marine fishes of
Iraq, revealed of one interest nematode record. It was identified as Dichelyne
(Cucullanus) tripapillatus from the intestine of A. spinifer. This is the first record of
this parasite in fishes of the Arabian Gulf. So, comprehensive descriptions of its
male and female specimens were given.
Materials and Methods
A total of 42 specimens of A. spinifer were caught from Iraqi marine waters
during the period from October 2019 to May 2020, for parasitic worm’s
examination. The helminths were isolated from intestine of a single fish host,
cleaned with tap water and fixed with 4% hot formalin. After two days, parasites
were transported to 70% ethanol. The worms were cleared by 1:9 glycerin-water
solution (Moravec, 1994). The illustrations were made using camera Lucida
mounted on Leica compound microscope. All measurements are in micrometers,
with mean between parentheses.
Results
Dichelyne (Cucullanellus) tripapillatus (Gendre, 1927) Tӧrnquist, 1931
Host: Argyrops spinifer
Site of infection: intestine
Prevalence and mean of intensity: 2.5% and 4, respectively.
Deposition: Iraq Natural History Research Center and Museum, SN: INHM-NC22NC225.
Description (Fig. 1)
White-coloured worms, small-length characterized by a thick cuticle 30-50 at the
front of the body and 15-20 at the middle and posterior ends of the body. Maximum
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width of the body at the middle, the body narrows after the middle to be tapered at
the posterior end (Figs. 1B-1E), ala absent. The anterior end is rounded, the mouth
is large ventrodorsally forming vertical incision at the level of the body, denticles
up to 40 on each inner side of the mouth. Anterior part of the oesophagus is much
distended forming false oral capsule (= oesophastome) ending with the nerve ring
that surrounds the oesophagus almost in the middle (Fig. 1A). The posterior end of
oesophagus is also distended but less breadth than that of anterior part of
esophagus. The oesophagus connects to the intestine through a small valve (Fig.
1A). Intestinal cecum in some specimens reaches the level of the nerve ring, deirids
in the middle of the distance between the end of the oesophagus and the nerve ring,
the excretory pore opens at the level of the posterior end of the esophagus,
abdominal muscular sucker present and the conical tail has a sharp end in both
sexes (Figs. 1B, 1C & 1E).
Male (Fig. 1)
Based on three specimens, body length 4200-6760 (5570), maximum width
390-600 (480), oesophagus length 750-960 (857) forming 14.2-17.8% (15.7%) of
the total length of the body, oesophastome width 100-120 (110) and its length 150220 (183), oesophagus width at the nerve ring level and at the posterior end is 70100 (87) and 90-120 (103), respectively. The nerve ring and deirids 350-390 (363)
and 650-970 (807), respectively from the anterior end of the body, intestinal cecum
length 350-450 (400), distance between the mid-ventral sucker and cloacal opening
420-700 (557), the cloacal opening surrounded by elevated lips. Spicules, similar
and equal 850-900 (883) in length and 13.3-20.2% (16.4%) from body length,
Gubernaculum short, rod-like shaped, 27-40 (35), caudal papillae 10 pairs arranged
as follows: Precloacal papillae consist of four pairs, one pre ventral sucker and
three pairs between the sucker and cloacal opening, four pairs of paracloacal
papillae; fourth and fifth subvenral, The sixth ventral on both sides of the cloacal
opening and the seventh sublateral, the postcloacal papillae consist of three pairs
located at the end of the tail, eighth and tenth subventral, while the ninth pair
lateral. Pair of phasmids on the middle of the tail. Tail conical with sharp end, 120200 (166) in length.
Female (Fig. 1)
Based on one specimen, body length 6030 and maximum width 580, total
oesophageal length 1020 and constitutes 16.9% of the total length of the body,
oesophastome length 200 and width 215, width of the oesophagus at the level of the
nerve ring, and at the posterior end 100 and 200, respectively. The nerve ring,
deirids and excretory pore located 400, 850, and 930, respectively from anterior
extremity, the length of the intestinal cecum 270, vulva elevated, post equatorial,
3700 with a ratio 61.4% from the anterior end, vagina is 240 long and the nearby
eggs are oval 35-60 (49) x 30-43 (37), tail 270 in length.
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Figure 1: Dichelyne (Cucullanellus) tripapillatus male from A. spinifer. A- Anterior part,
lateral, B-posterior end, lateral, C- female: Posterior end, D-eggs, E- Posterior
part of female, Abbreviations: d: deirid, ex: excretory pore, g: gubernaculum, ic:
intestinal cecum, nr: nerve ring, oe: oesophagus, p: papilla, ph: phasmid, s:
spicule, u: uterus, v: vulva, vs: ventral sucker. Scale bar: A and B= 200µm, C and
D= 100 µm, E= 500 µm.

Discussion
The current specimens are small in size, characterized by an expansion at the
beginning of the oesophagus and have intestine cecum and thick cuticle, that falling
them within the genus Dichelyne. This genus is one of the three genera of
Cucullanidae (Anderson et al., 2009).
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Petter (1974) divided Dichelyne into three subgenera: Neocucullanellus,
Cucullanellus and Dichelyne, depending on the presence or absence of ventral
sucker and on the number and distribution of caudal papillae in the male. The
present specimens are included within the subgenus Cucullanellus due to the
possessing of precloacal ventral sucker and 10 pairs of papillae, the first pair being
close to the ventral sucker.
Isbert et al. (2015) presented the species of Dichelyne (Cucullanellus) with the
families of their hosts and the original geographical locations; three species were
recorded as parasites of Sparidae. These were D. (C.) adriaticus (Törnquist, 1931)
in the gilthead seabream Sparus aurata from the Mediterranean Sea off the Italian
coast, D. (C.) jialaris Luo, Guo, Fang & Hang, 2004 in red seabream Pagrus major
from the Taiwan Strait off China and D. (C.) tripapillatus (Gendre, 1927) in the
zebra seabream Diplodus cervinus of the East Atlantic Ocean at the Mauritanian
Coast.
The morphological characters of the current nematode agreed with the
description of D. (C.) tripapillatus, which was historically recorded from three
species of sparids excluded type host, Sepiola rondeleti (=Pagrus auratus),
Chysophrys aurata (=Sparus aurata) and Chaetodon bifasciatus (=Acanthopagrus
bifasciatus) (Ivashkin & Khromova, 1976) and from Diplodus sargus (Sparidae) in
the Adriatic Sea off the coast of Montenegro by Petter & Radajković (1989).
D. (C.) tripapillatus differs from D. (C.) adriaticus by smaller lengths (19003700 vs. 2400-6760). D. (C.) tripapillatus differs from D. (C.) jialaris described in
by Luo et al. (2004) and re-described by Moravec et al. (2018) in nine species of
fishes belonging to the Sparidae of East Asian waters, by smaller length (6760
compared to 5800) and the site of the nerve ring for the oesophagus (40-46%
compared to 51-68.8%). Deirid distance from anterior end is slightly shorter than in
the current study samples, while the length of the spicules to the body was slightly
shorter than that of D. (C.) jialaris (13-20.2% compared with 18-21%). Moravec et
al. (2018) also mentioned some characters that were not described in the original
description, including eggs that were 72-81 x 42-51, which are larger than that in
D. (C.) tripapillatus (35-60 x 30-43).
Terminology related to measurements associated with the male ventral sucker
varied between various global studies; from the beginning of the sucker to the end
of tail (Isbert et al., 2015), mid-sucker to end of tail (Luo et al., 2004), mid-sucker
to the beginning of the cloaca (Li et al., 2014) or without giving importance to this
character (Moravec et al., 2018).
It is worth mentioning that the morphological and genetic study of Li et al.
(2014) on D. (C.) pleuronectidis (Yamaguti, 1935), which parasitizing flatfish
Pleuronichthys cornutus in the South China Sea, showed that the length or loss of
intestinal cecum in some specimens of Dichelyne species may be among the
differences of the species, so caution should be exercised when distinguishing
between the Dichelyne and Cucullanus genera based on this traditional
characteristics. Based on the latter investigation, it can understand the reason why
the caecum was absent or difficult to see in figure 3A and presented in plate 5A of
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Cucullanus sp. of Al-Hasson et al. (2019) description. Even Cucullanus sp. 2 in A.
abrabicus and A. spinifer by Al-Hasson et al. (2019) who accommodate their
specimens in Dichelyne instead of Cucullanus based on female description only,
differ from D. (C.) tripapillatus by length of body (10908 vs 6030) and distance of
vulva to anterior end (95.8% vs. 61.4% from anterior extremity).
There have been no previous record of this nematode in Iraq or Arabian Gulf, so
the current study is the first report of this subgenus and species in the region, and
A. spinifer is a new host for D. (C.) tripapillatus in the World.
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Abstract: Surveying literature concerning the occurrence of the nematode
larval forms of the genus Contracaecum in fishes of Iraq, showed the infection
of 44 freshwater and marine fish species in Iraq with such larvae. The infection
included larvae of unidentified Contracaecum species, Contracaecum
rudolphii type-B and Contracaecum septentrionale Kreis, 1955. The infections
were distributed in Tigris, Euphrates and Shatt Al-Arab rivers as well as some
of their tributaries, lakes, marshes, drainage networks in addition to many fish
ponds and floating cages in different parts of Iraq. This checklist also provided
references on some histopathological and biochemical changes, some
ecological aspects of the infection, life cycle and scanning electron
microscopy. In addition, this checklist includes literature on six species of adult
Contracaecum species as well some unidentified species of this genus from 17
bird species from different parts of Iraq, of which both Eurasian bittern
Botaurus stellaris and pygmy cormorant Microcarbo pygmaeus were infected
with a maximum number of three Contracaecum species as well as
unidentified species of this genus.
Keywords: Nematoda, Ascaridida, Anisakidae, Contracaecum, Fishes, Iraq

Introduction
The genus Contracaecum Railliet & Henry, 1912 has 68 accepted species which
belong to the family Anisakidae, order Rhabditida and class Chromodorea of the
phylum Nematoda (WoRMS, 2021). Both EOL (2018) and ITIS (2021) listed 25
valid species for this genus. According to GBIF (2021), this genus is considered as
a synonym of Hysterothylacium Ward & Magath, 1917. Members of Contracaecum
are significant due to their number of species, wide range of host species involved
in their life cycles, and their adverse health impacts on hosts (Shamsi, 2019). Some
species have no specificity for fish hosts, so they are able to use a wide variety of
fish species as intermediate hosts, and in addition, some nematodes have the ability
to survive in “alternative” organisms, known as “paratenic” hosts. These hosts are
not required for completion of the life cycle but they can
contain infective nematode life stages and be a source of infection (Yanong, 2017).
Received Apr. 14, 2021, accepted July 1, 2021
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Yanong (2017) summarized the general life cycle pattern for nematodes
infecting fishes that act as intermediate hosts. Nematode eggs/ larvae (a) pass out in
the faces of the definitive host (various species of piscivorous birds and mammals)
enter a variety of invertebrate intermediate hosts (b) or a fish intermediate host (c)
prior to being eaten by or entering the final host, a fish-eating mammal, bird, or fish
(d). Also, Shamsi (2019) gave another summary for the general life cycles of
Contracaecum species in which she demonstrated that nematode eggs embryonate
into first-stage larvae (L1) within the egg. Then, they develop further and moult to
the second larval stage (L2). Eggs or larvae can be ingested by the first intermediate
hosts (variety of invertebrates) and then grow in their haemocoel. When the
infected invertebrates are eaten by second intermediate hosts (variety of teleost
fishes), larvae reach the third larval stage (L3). Various species of piscivorous birds
and mammals become infected by predating upon infected fishes and are definitive
hosts of Contracaecum. The definitive host may become infected even by
consuming the infected first intermediate hosts or the second intermediate hosts
(Fig. 1). This general life history pattern is variable and there may be differences in
the types of intermediate/definitive hosts among different species of Contracaecum
(Shamsi, 2019).

Figure 1: General life cycle of Contracaecum species (from Shamsi, 2019).

The morphological characteristics of the body of the third stage larvae of
Contracaecum was demonstrated by Shamsi & Aghazadeh-Meshgi (2011) and
summarized by Shamsi (2019). As the genus' name suggests, these nematodes have
two oppositely-directed caecae as part of their digestive system (Figure 2). They
also have an excretory pore located at their anterior (cephalic) end. These should be
considered the most significant morphological characteristics when differentiating
Contracaecum species from the rest of the anisakid nematodes because they are the
most consistent at all developmental stages (Shamsi, 2019). In adult Contracaecum
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species, other important features with taxonomic significance include the presence
of interlabia and labia, the absence of labial denticulation, rounded eggs with
smooth shells, the presence of two spicules, conical tails in both male and females
(which are shorter in males) and the presence of post- and pre-cloacal papillae in
males (Shamsi, 2019).

Figure 2: From left to right, anterior, middle and posterior parts of a third-stage larva of
Contracaecum sp. A: anus, BT: boring tooth, E: oesophagus, I: intestine, IC:
intestinal caecum, V: ventriculus, VA: ventricular appendix (from Nagasawa,
2012).

Contracaecum species are known to be able to have highly pathogenic impacts
on both wildlife (fishes, birds, marine mammals) and humans (Shamsi, 2019). If the
larvae are accidentally taken by humans by consuming raw or undercooked fish
meat, they may cause a zoonotic infection characterized by stomach pains, fever,
diarrhoea and vomiting (Girişgin et al., 2012).
In Iraq, Herzog (1969) was the first to detect Contracaecum spp. larvae in nine
freshwater fishes from different Iraqi waters and fish markets. After that, many
published and unpublished sources were given, most of which dealt with records of
different larval forms of Contracaecum species from fishes of Iraq, which will be
demonstrated in the results and discussion. However, some articles predicted that
these larvae belonged to some adult Contracaecum species (Herzog, 1969;
Shamsuddin et al., 1971; Al-Hadithi & Habish, 1977; Habish, 1977). Such
prediction is not acceptable as identification of adult Contracaecum species
depends on some features of the reproductive organs, which are no so well
developed in the larval forms. However, only recently in Iraq, some molecular
investigations were carried out which demonstrated the identification of some adult
forms of Contracaecum (Abdullah, 2020; Al-Musaedi, 2020; Abdullah et al.,
2021a, b).
In addition to the demonstration of the occurrence of larval forms of
Contracaecum in some fishes of Iraq, other researches covered some

284

Mhaisen & Abdul-Ameer

aspects of histopathological changes (Shamsuddin et al., 1971; Habish, 1977;
Khalifa et al., 1978; Abdul-Ameer, 1989; Mohamad, 1989; Nawab Al-Deen, 1994;
Al-Salim & Mohamad, 1995; Rahemo & Nawab Al-Din, 1995; Ali, 2001; AlJadoaa, 2002; Al-Salihi, 2002; Rahemo et al., 2005; Abbas, 2007; Abdul Fraj &
Ftohe, 2008; Al-Darweesh, 2010; Al-Jubouri et al., 2017), biochemical changes
(Al-Niaeem, 1999; Ali, 2001; Al-Jadoaa, 2002; Al-Niaeem & Al-Azizz, 2002; AlSalihi, 2002; Abdul Fraj & Ftohe, 2008) and some ecological aspects of the
infection (Al-Hadithi & Jawad, 1975; Habish, 1977; Al-Hadithi & Habash, 1979;
Anwar & Ismail, 1979; Khamees, 1983; Al-Daraji, 1986; Khamees & Mhaisen,
1988; Mhaisen et al., 1988; Al-Alusi, 1989; Mohamad, 1989; Taher et al., 1994;
Al-Awadi, 1997; Al-Nasiri, 2000; Abdullah, 2002; Al-Waaly, 2005; Abdullah &
Mhaisen, 2006; Al-Zubaidy, 2009; Abubakr, 2015; Hussein, 2018; Hathal et al.,
2020; Hathal, 2021) as well as life cycles (Habish, 1977) and by using scanning
E.M. (Rahemo & Nawab Al-Din, 2009).
The present article is designed to revise all records on Contracaecum species
from fishes of Iraq and provide updated list of their host species in Iraq. It is a
continuation of some recent checklists on some groups of fish parasites of Iraq,
which included those on Dactylogyrus species (Mhaisen & Abdul-Ameer, 2019a),
ancylodiscoidid and ancyrocephalid species (Mhaisen & Abdul-Ameer, 2019b),
Trichodina species (Mhaisen & Abdul-Ameer, 2020), Myxobolus species (Mhaisen
& Al-Jawda, 2020) and Lernaea species (Mhaisen & Abdul-Ameer, 2021).
Sources and Methods
A total of 120 references (66 published research papers, 35 unpublished M. Sc.
theses, one M. Technol. thesis, 14 unpublished Ph. D. theses, three conference
abstracts, and one article abstract) dealing with records on Contracaecum species
from fishes of Iraq were used to prepare the present article. Data from such
references were gathered to provide reliable information on Contracaecum
distribution in fishes from different water bodies and fish farms in Iraq as well as
fish-Contracaecum list. For fishes, the scientific names were reported as they
appeared in their original references but then they were checked with an account on
freshwater fishes of Iraq (Coad, 2010). Fish valid scientific names and their
authorities were corrected according to a well-known specialized electronic site
(Fricke et al., 2021). Valid fish host species are also alphabetically arranged
together with their synonyms (if any) and their chronologically arranged references.
The nomenclature taxonomy of Contracaecum species was updating according to
WoRMS (2021).
Results and Discussion
Surveys Achieved on Contracaecum Species from Fishes of Iraq
The available literature concerning the occurrence of Contracaecum species
from fishes of Iraq indicated that distribution of such parasites in fishes in different
water bodies as well as in fish ponds and farms can be grouped into eight major
categories according to localities of collection of the infected fishes. These are:
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1- Tigris River at Nineveh Province (Saleem, 1991; Nawab Al-Deen, 1994;
Rahemo & Nawab Al-Din, 1995; Al-Niaeemi, 1997; Rahemo & Al-Niaeemi,
2001; Al-Salihi, 2002; Mustafa, 2005; Mustafa et al., 2006; Abdul Fraj & Ftohe,
2008; Rahemo & Nawab Al-Din, 2009), Salah Al-Din Province (Abdul-Ameer,
1989; Al-Jawda et al., 2000; Hussein, 2018) and Baghdad Province (Ali et al.,
1987b; Balasem et al., 1993; Al-Moussawi, 1997; Hammood, 2017; Abbas,
2019) as well as some tributaries of Tigris River which included Greater Zab
River (Ali, 1989; Nawab Al-Deen, 1994; Abdullah, 2002; Abdullah & Mhaisen,
2006; Shwani, 2009; Shwani & Abdullah, 2010; Abdullah & Mhaisen, 2011;
Abubakr, 2015), Lesser Zab River (Abdullah, 2002; Abdullah & Mhaisen, 2006;
Shwani & Abdullah, 2010; Abdullah & Mhaisen, 2011; Abdullah, 2020; Hathal
et al., 2020; Abdullah et al., 2021a, b; Hathal, 2021), Mortuka stream at Erbil
Province (Abdullah, 2004), Serchinar stream at Sulaimaniya Province (Rahemo
et al., 2005), Sirwan River at Sulaimaniya Province (Abdullah, 2020; Abdullah
et al., 2021a, b) and Diyala River (Ali et al., 1987a; Al-Shaikh et al., 1995;
Mhaisen et al., 2002).
2- Euphrates River and its branches at Al-Anbar Province (Mhaisen et al., 1997;
Al-Sady, 2000; Al-Alusi, 2011; Al-Salmany, 2015), Babylon Province (AlSa’adi, 2007; Al-Zubaidy, 2009; Al-Sa’adi et al., 2012, Mhaisen et al., 2015),
Karbala Province (Al-Saadi, 2007; Al-Saadi et al., 2010, 2011), Al-Diwaniah
Province (Al-Jadoaa, 2002; Al-Waaly, 2005; Yassin, 2010; Al-Mahi, 2014; AlMahi & Al-Mayali, 2016, 2017), Thi Qar Province (Rahemo & Al-Abbadie,
1994; Al-Abbadie, 2006; Al-Kinanny & Al-Ubaydi, 2017) and Al-Muthanna
Province (Al-Asadiy, 2018).
3- Shatt Al-Arab River (Al-Hadithi & Habish, 1977; Habish, 1977; Al-Hadithi &
Habash, 1979; Anwar & Ismail, 1979; Al-Hadithi et al., 1980; Mhaisen, 1986;
Ali, 2001; Eassa et al., 2014) and some of its branches at Basrah Province which
included: Garmat Ali River (Jori, 1998; Abdul-Rahman, 1999; Al-Niaeem,
1999; Al-Niaeem & Al-Azizz, 2002; Kadhim, 2009; Al-Janae’e, 2010), AlMajidiah River (Mehdi, 1989); Al-Salihiya River (Al-Janae’e, 2010) and
Mehaijeran Creek (Khamees, 1983; Mhaisen et al., 1986; Khamees & Mhaisen,
1988; Mhaisen et al., 1988).
4- Some lakes, depressions and marshes: These included surveys from two lakes in
Sulaimaniya province: Darbandikhan Lake (Abdullah, 2005) and Dokan Lake
(Abdullah, 1990; Abdullah & Rasheed, 2004), Al-Tharthar Lake (Khalifa et al.,
1978; Al-Saadi, 1986), three lakes in Al-Anbar Province: Al-Rutba Dam Lake
(Al-Karboly, 2012), Al-Qadisiya Dam Lake (Al-Alusi, 1989) and AlHabbaniyah Lake (Ali et al., 1988a; Mhaisen et al., 1999), Hemrin Dam Lake in
Diyala Province (Balasem et al., 2000), man-made lakes in Salah Al-Din
Province (Ali et al., 1988b; Abul-Eis et al., 1989), Al-Tharthar- Tigris Canal in
Salah Al-Din Province (Ali & Shaaban, 1984; Khalifa, 1989), Bahr Al-Najaf
depression in Al-Najaf Al-Ashraf Province (Al-Awadi, 1997; Al-Awadi et al.,
2010a), Al-Dalmaj Marsh of Al-Diwaniyah Province (Mohammad, 2016),
Huwazah Marsh at Maysan Province (Ali, 2008; Al-Musaedi, 2020), Central
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marshes of Thi-Qar Province (Mohammad, 2016) and Al-Hammar Marsh in
Basrah Province (Al-Daraji, 1986; Dawood, 1986; Mohamad, 1989; Al-Salim &
Mohamad, 1995; Jori, 2006; Abbas, 2007) as well as in Al-Mashab Marsh in
Basrah Province (Al-Tameemi, 2013; Awad & Al-Tameemi, 2013).
Some drainage networks at Babylon Province (Al-Zubaidy, 2009) and AlDiwaniyah Province (Al-Waaly, 2005; Al-Jadoaa, 2008).
Fish ponds and farms which included some at Erbil Province (Abdullah, 2004),
Baghdad Province (Al-Nasiri, 2000; Al-Nasiri et al., 2002, 2003; Wasit Province
(Al-Darweesh, 2010), Babylon Province (Ali et al., 1989; Al-Zubaidy, 1998; AlJadoaa, 2002; Al-Zubaidy, 2009), and Basrah Province (Rasool, 2017) in
addition to some floating cages at Babylon Province (Al-Jubouri et al., 2017).
Fish markets at Nineveh Province (Al-Mowla, 2010), Erbil Province (Abdullah,
2000), Baghdad Province (Al-Moussawi et al., 2018), fishermen at Al-Najaf AlAshraf Province (Taher et al., 1994), Basrah Province (Al-Hadithi & Jawad,
1975; Mhaisen, 1986) as well as from fish brought from different areas in mid
and southern Iraq: Amara, Habbaniyah, Kut, Tharthar and rivers of Tigris and
Euphrates (Shamsuddin et al., 1971).
Marine waters of Iraq, which included those from Khor Al-Zubair lagoons (AlDaraji, 1995) and Khor Abdullah (Bannai, 2002).

It is reliable to state here that most records done by Herzog (1969) cannot be
categorized to any of the above localities of collection as he mentioned no location
for most of the infected fishes in his collections.
The following is a list of the scientific names and the full authority of the
infected fishes with Contracaecum species together with their orders and families,
based on Fricke et al. (2021).
Class Actinopteri
Order Clupeiformes
Family Clupeidae
Tenualosa ilisha (Hamilton 1822)
Order Cypriniformes
Family Cyprinidae
Arabibarbus grypus (Heckel, 1843)
Barbus lacerta Heckel, 1843
Capoeta damascina (Valenciennes, 1842)
Capoeta trutta (Heckel, 1843)
Carasobarbus luteus (Heckel, 1843)
Carassius auratus (Linnaeus, 1758)
Cyprinion macrostomus Heckel, 18431
Cyprinus carpio Linnaeus, 1758
Garra rufa (Heckel, 1843)
Luciobarbus barbulus (Heckel, 1847)
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Luciobarbus esocinus Heckel, 1843
Luciobarbus kersin (Heckel, 1843)
Luciobarbus mystaceus (Pallas, 1814)2
Luciobarbus subquincunciatus (Günther, 1868)
Luciobarbus xanthopterus Heckel, 1843
Mesopotamichthys sharpeyi (Günther, 1874)
Family Xenocyprididae3
Ctenopharyngodon idella (Valenciennes, 1844)
Family Leuciscidae
Acanthobrama centisquama Heckel, 1843
Acanthobrama marmid Heckel, 1843
Alburnus orontis Sauvage, 18824
Alburnus sellal Heckel, 1843
Chondrostoma regium (Heckel, 1843)
Leuciscus vorax (Heckel, 1843)
Squalius cephalus (Linnaeus, 1758)
Squalius lepidus Heckel, 1843
Order Siluriformes
Family Bagridae
Mystus pelusius (Solander, 1794)
Family Siluridae
Silurus glanis Linnaeus, 1758
Silurus triostegus Heckel, 1843
Family Heteropneustidae
Heteropneustes fossilis (Bloch, 1794)
Order Aulopiformes
Family Synodontidae
Saurida undosquamis (Richardson, 1848)
Order Synbranchiformes
Family Mastacembelidae
Mastacembelus mastacembelus (Banks & Solander, 1794)
Order Pleuronectiformes
Family Soleidae
Brachirus orientalis (Bloch & Schneider, 1801)
Order Cichliformes
Family Cichlidae
Coptodon zillii (Gervais 1848)
Order Cyprinodontiformes
Family Poeciliidae
Gambusia holbrooki Girard, 1859
Poecilia latipinna (Lesueur, 1821)
Family Aphaniidae
Aphanius stoliczkanus (Day, 1872)5
Order Beloniformes
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Family Belonidae Bonaparte 1835
Ablennes hians (Valenciennes, 1846)
Order Mugiliformes
Family Mugilidae
Planiliza abu (Heckel, 1843)
Planiliza subviridis (Valenciennes, 1836)
Order Perciformes
Family Sillaginidae
Sillago sihama (Fabricius, 1775)
Family Sciaenidae
Johnius belangerii (Cuvier 1830)
Otolithes ruber (Bloch & Schneider 1801)
____________________________________________________
1
The specific name of this fish is spelled as macrostomus according to Fricke et al.
(2021) but as macrostomum in Froese & Pauly (2021), WoRMS (2021) as well as
in all concerned Iraqi references within this article. The specific name
macrostomum was also ascertained through a personal communication with Dr.
Jörg Freyhof.
2
According to Freyhof et al. (2021), Luciobarbus mystaceus has been described by
Pallas (1814) from the Kura River in Georgia and this species is a synonym of L.
capito and some authors refer the species description of B. mystaceus to Heckel
(1843), who only identified some barbels from Mesopotamia as B. mystaceus, but
did not describe the species.
3
One reference (Abdul-Rahman, 1999) so far concerning with the occurrence of
Contracaecum species in Iraq referred to the grass carp Ctenopharyngodon idella
as belonging to the family Cyprinidae. However, Tan & Armbruster (2018) in
their phylogenetic classification, placed this species within the family
Xenocyprididae. This is also followed by Fricke et al. (2021) and Froese & Pauly
(2021).
4
According to Fricke et al. (2021) and Froese & Pauly (2021), Alburnus orontis is
distributed in Turkey and Syria.
5
According to Freyhof et al. (2017), Aphanius dispar in the Arabian Peninsula
waters is a complex species and the species in Iraq was Aphanius stoliczkanus
(Day, 1872).
Types of Contracaecum Species Known from Fishes of Iraq
According to Herzog (1969), the first Contracaecum larvae detected from seven
fish host species: Arabibarbus grypus (as Barbus grypus), Carasobarbus luteus (as
Barbus luteus), Heteropneustes fossilis, Leuciscus vorax (as Aspius vorax),
Luciobarbus xanthopterus (as Barbus xanthopterus), Mystus pelusius and Silurus
triostegus belonged to C. rudolphii Hartwich, 1964, while four fish species:
Luciobarbus esocinus (as Barbus esocinus), L. xanthopterus (as B. xanthopterus),
Mesopotamichthys sharpeyi (as Barbus sharpeyi) and Planiliza abu (as Mugil abu)
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were infected with unspecified Contracaecum species. Shamsuddin et al. (1971)
demonstrated the infection of some freshwater fishes with larvae of Contracaecum
species, which they suggested, on basis of their morphology, as belonging to C.
microcephalum (Rudolphi, 1809), C. multipapillatum (Drasche, 1882) Lucker,
1941 and C. spiculigerum (Rudolphi, 1809). According to WoRMS (2021), C.
spiculigerum is considered as a synonym of C. rudolphi. Al-Hadithi & Habish
(1977) and Habish (1977) concluded that larvae of Contracaecum belonged to C.
microcephalum as they found the adults of this species in the intestine of the purple
heron Ardea purpurea. The intestine of this bird also contained L. abu (as Mugil
hishni) of which some specimens, from the same collecting area (Shatt Al-Arab
River and its branches), were infected with larvae of Contracaecum species.
Recent studies, based on the molecular analysis (Abdullah, 2020, Abdullah et
al., 2021a, b) showed that the Contracaecum larval specimens from 10 infected fish
species from northern Iraq represented Contracaecum rudolphii type-B. Another
recent molecular study (Al-Musaedi, 2020) showed that the isolated Contracaecum
sp. from Carasobarbus luteus from Al-Huywazah Marsh, southern Iraq belonged to
Contracaecum septentrionale Kreis, 1955.
Contracaecum-Host List
The following is a list of Contracaecum species so far recorded from fish species
of Iraq with their concerned hosts and references.
1- Contracaecum species larvae: Such larvae were reported from 44 valid fish
species as in the following alphabetically listed fish species.
Ablennes hians: Bannai (2002).
Acanthobrama centisquama: Ali et al. (1987b).
Acanthobrama marmid: Ali et al. (1988b), Abdul-Ameer (1989), Nawab Al-Deen
(1994), Al-Nasiri (2000), Abdullah (2002, 2005), Rahemo & Nawab Al-Din
(2009), Abdullah & Mhaisen (2011), Al-Salmany (2015).
Alburnus orontis: Al-Sa’adi (2007), Mhaisen et al. (2015).
Alburnus sellal (as Alburnus capito by Al-Nasiri, 2000 and Chalcalburnus sellal by
Abdul-Rahman, 1999): Abdul-Rahman (1999), Al-Nasiri (2000).
Aphanius stoliczkanus (as Aphanius dispar): Al-Awadi (1997), Kadhim, (2009), AlAwadi et al. (2010a).
Arabibarbus grypus (as Barbus grypus): Herzog (1969), Shamsuddin et al. (1971),
Al-Hadithi & Habish (1977), Habish (1977), Ali & Shaaban (1984), Al-Saadi
(1986), Al-Alusi (1989), Khalifa (1989), Abdullah (1990), Nawab Al-Deen
(1994), Al-Awadi (1997), Al-Moussawi (1997), Abdullah (2000), Al-Jawda et
al. (2000), Mhaisen et al. (2002), Abdullah & Rasheed (2004), Al-Saadi (2007),
Al-Sa’adi (2007), Al-Awadi et al. (2010a), Al-Saadi et al. (2010), Al-Karboly
(2012), Al-Mahi (2014), Mhaisen et al. (2015), Al-Mahi & Al-Mayali (2017).
Barbus lacerta: Nawab Al-Deen (1994), Al-Alusi (1989).
Brachirus orientalis (as Synaptura orientalis): Bannai (2002).
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Capoeta damascina (as Barbus belayewi): Abdullah (2002), Abdullah & Mhaisen
(2011).
Capoeta trutta (also as Varicorhinus trutta): Abdul-Ameer (1989), Nawab Al-Deen
(1994), Rahemo & Nawab Al-Din (1995), Abubakr (2015).
Carasobarbus luteus (also as Barbus luteus): Herzog (1969), Shamsuddin et al.
(1971), Al-Hadithi & Habish (1977), Habish (1977), Khalifa et al. (1978),
Khamees (1983), Al-Daraji (1986), Al-Saadi (1986), Mhaisen (1986), Mhaisen
et al. (1986), Ali et al. (1987a), Khamees & Mhaisen (1988), Ali (1989),
Abdullah (1990), Nawab Al-Deen (1994), Abdul-Rahman (1999), Al-Niaeem
(1999), Abdullah (2000), Al-Nasiri (2000), Abdullah (2002), Al-Jadoaa (2002),
Abdullah & Rasheed (2004), Al-Waaly (2005), Al-Abbadie (2006), Al-Sa’adi
(2007), Abdullah & Mhaisen (2011), Al-Karboly (2012), Mhaisen et al. (2015),
Al-Asadiy (2018).
Carassius auratus: Al-Janae'e (2010).
Chondrostoma regium: Ali et al. (1988a), Abdul-Ameer (1989), Abdullah (1990),
Al-Moussawi (1997), Abdullah (2002), Abdullah & Rasheed (2004), Abdullah
(2005), Abdullah & Mhaisen (2011).
Coptodon zillii (also as Tilapia zillii): Al-Sa’adi (2007), Al-Sa’adi et al. (2012),
Mhaisen et al. (2015), Mohammad (2016).
Ctenopharyngodon idella: Abdul-Rahman (1999).
Cyprinion macrostomum: Ali et al. (1987b, 1988b), Abdullah (1990), Abdullah &
Rasheed (2004), Abubakr (2015).
Cyprinus carpio: Shamsuddin et al. (1971), Dawood (1986), Al-Alusi (1989),
Abdullah (1990), Al-Zubaidy (1998), Abdul-Rahman (1999), Abdullah (2000),
Al-Nasiri (2000), Abdullah (2002), Al-Jadoaa (2002), Al-Nasiri et al. (2002),
Abdullah & Rasheed (2004), Abdullah & Mhaisen (2006), Al-Darweesh (2010),
Yassin (2010), Abdullah & Mhaisen (2011), Al-Alusi (2011), Eassa et al.
(2014), Al-Jubouri et al. (2017), Rasool (2017), Hussein (2018).
Gambusia holbrooki (as Gambusia affinis): Al-Awadi (1997), Al-Awadi et al.
(2010a).
Garra rufa: Al-Moussawi (1997), Abdullah (2002), Abdullah & Mhaisen (2011).
Heteropneustes fossilis (also as Saccobranchus fossilis): Herzog (1969), Al-Hadithi
& Habish (1977), Habish (1977), Mhaisen (1986), Ali et al. (1987a, b),
Mohamad (1989), Balasem et al. (1993), Al-Salim & Mohamad (1995), AlShaikh et al. (1995), Abdul-Rahman (1999), Ali (2001), Abdullah (2002),
Mhaisen et al. (2002), Abdullah (2005), Abdullah & Mhaisen (2011).
Johnius belangerii: Bannai (2002).
Leuciscus vorax (also as Aspius vorax): Herzog (1969), Al-Hadithi & Jawad
(1975), Al-Hadithi & Habish (1977), Habish (1977), Khalifa et al. (1978),
Khamees (1983), Ali & Shaaban (1984), Al-Daraji (1986), Al-Saadi (1986),
Mhaisen (1986), Mhaisen et al. (1986), Abdul-Ameer (1989), Al-Alusi (1989),
Nawab Al-Deen (1994), Al-Moussawi (1997), Mhaisen et al. (1997), AbdulRahman (1999), Al-Jawda et al. (2000), Al-Nasiri (2000), Al-Jadoaa (2002), Al-
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Abbadie (2006), Al-Saadi (2007), Al-Sa’adi (2007), Al-Saadi et al. (2010), AlAlusi (2011), Al-Karboly (2012), Al-Salmany (2015), Mhaisen et al. (2015).
Luciobarbus barbulus (as Barbus barbulus): Abdullah (1990, 2002), Abdullah &
Rasheed (2004), Abdullah & Mhaisen (2011).
Luciobarbus esocinus (as Barbus esocinus): Herzog (1969) in page 136 but not in
135, Shamsuddin et al. (1971), Khalifa et al. (1978), Abdulllah (1990), Nawab
Al-Deen (1994), Abdullah (2000), Balasem et al. (2000), Abdullah & Rasheed
(2004), Abdullah (2005).
Luciobarbus kersin (as Barbus kersin): Abdullah (1990), Abdullah & Rasheed
(2004).
Luciobarbus mystaceus (as Barbus mystaceus): Al-Alusi (1989).
Luciobarbus subquincunciatus (as Barbus subquincunciatus): Abdullah (1990),
Abdullah & Rasheed (2004).
Luciobarbus xanthopterus (as Barbus xanthopterus): Herzog (1969), Shamsuddin
et al. (1971), Al-Hadithi & Habish (1977), Habish (1977), Khalifa et al. (1978),
Abdul-Ameer (1989), Al-Alusi (1989), Khalifa (1989), Abdullah (1990),
Abdullah (2000), Al-Nasiri (2000), Al-Jadoaa (2002), Abdullah & Rasheed
(2004), Al-Abbadie (2006), Al-Saadi (2007), Al-Sa’adi (2007), Al-Saadi et al.
(2010), Al-Alusi (2011), Mhaisen et al. (2015), Hathal et al. (2020), Hathal
(2021).
Mastacembelus mastacembelus (also as M. simach): Abdul-Rahman (1999),
Abdullah (2002), Al-Salihi (2002), Abdullah (2005), Al-Sa’adi (2007), Ali
(2008) as Type BA L3 larva, Al-Mowla (2010), Abdullah & Mhaisen (2011),
Mhaisen et al. (2015).
Mesopotamichthys sharpeyi (also as Barbus sharpeyi): Herzog (1969) in page 136
but not in 135, Shamsuddin et al. (1971), Al-Hadithi & Habish (1977), Habish
(1977), Khalifa et al. (1978), Al-Daraji (1986), Mhaisen (1986), Nawab Al-Deen
(1994), Abdul-Rahman (1999), Al-Niaeem & Al-Azizz (2002), Al-Saadi (2007),
Al-Saadi et al. (2010).
Mystus pelusius (also as M. halepensis*): Herzog (1969) in page 136 but not in 135,
Al-Hadithi & Habish (1977), Habish (1977), Ali et al. (1987b)*, Al-Moussawi
(1997), Abdul-Rahman (1999), Al-Sa’adi (2007), Mhaisen et al. (2015).
Otolithes ruber (misspelled as Otolithus ruber): Bannai (2002).
Planiliza abu (also as Liza abu, Mugil abu & Mugil hishni): Herzog (1969) in page
136 but not in 135, Shamsuddin et al. (1971), Al-Hadithi & Jawad (1975), AlHadithi & Habish (1977), Habish (1977), Al-Hadithi & Habash (1979), Anwar
& Ismail (1979), Al-Hadithi et al. (1980), Khamees (1983), Al-Saadi (1986),
Mhaisen (1986), Mhaisen et al. (1986), Ali et al. (1987a), Mhaisen et al. (1988),
Al-Alusi (1989), Ali et al. (1989), Mehdi (1989), Balasem et al. (1993), Rahemo
& Al-Abbadie (1994), Taher et al. (1994), Al-Awadi (1997), Jori (1998), AbdulRahman (1999), Mhaisen et al. (1999), Al-Nasiri (2000), Al-Sady (2000) p. 36,
Al-Jadoaa (2002), Al-Nasiri et al. (2003), Abdullah (2004), Mustafa (2005), AlAbbadie (2006), Mustafa et al. (2006), Al-Saadi (2007), Al-Jadoaa (2008), AlZubaidy (2009), Al-Awadi et al. (2010a), Al-Janae'e (2010), Al-Saadi et al.
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(2010), Yassin (2010), Al-Saadi et al. (2011), Al-Mahi (2014), Al-Mahi & AlMayali (2016), Al-Kinanny & Al-Ubaydi (2017), Al-Mahi & Al-Mayali (2017),
Hammood (2017), Hussein (2018), Abbas (2019).
Planiliza subviridis (as Liza subviridis & Mugil dussumieri): Al-Hadithi & Habish
(1977), Habish (1977), Abdul-Rahman (1999).
Poecilia latipinna: Al-Tameemi (2013), Awad & Al-Tameemi (2013).
Saurida undosquamis: Bannai (2002).
Sillago sihama: Bannai (2002).
Silurus glanis: Saleem (1991), Al-Niaeemi (1997), Rahemo & Al-Niaeemi (2001),
Al-Salihi (2002), Abdul Fraj & Ftohe (2008), Al-Mowla (2010) as L3 & L4
larvae.
Silurus triostegus (also as Parasilurus triostegus): Herzog (1969), Shamsuddin et
al. (1971), Al-Hadithi & Habish (1977), Habish (1977), Khalifa et al. (1978), AlDaraji (1986), Ali et al. (1987a), Abdul-Ameer (1989), Abdul-Rahman (1999),
Al-Abbadie (2006), Jori (2006), Abbas (2007), Al-Sa’adi (2007), Ali (2008) as
Types BA and BB L3 larvae, Shwani (2009), Al-Janae'e (2010), Shwani &
Abdullah (2010), Mhaisen et al. (2015), Al-Moussawi et al. (2018), Hussein
(2018), Hathal et al. (2020), Hathal (2021).
Squalius cephalus (as Leuciscus cephalus): Ali et al. (1987b), Abdullah (2005),
Rahemo et al. (2005).
Squalius lepidus (as Leuciscus lepidus): Abdullah (1990, 2002), Abdullah &
Rasheed (2004), Abdullah & Mhaisen (2011).
Tenualosa ilisha: Al-Janae'e (2010).
Unspecified host: Abul-Eis et al. (1989).
2- Contracaecum rudolphii B larva: This species was recently recognized from the
following ten fish species:
Acanthobrama marmid: Abdullah (2020), Abdullah et al. (2021b).
Arabibarbus grypus: Abdullah (2020), Abdullah et al. (2021b).
Capoeta trutta: Abdullah (2020), Abdullah et al. (2021b).
Carasobarbus luteus: Abdullah (2020), Abdullah et al. (2021b).
Chondrostoma regium: Abdullah (2020), Abdullah et al. (2021b).
Cyprinus carpio: Abdullah (2020), Abdullah et al. (2021a).
Luciobarbus barbulus: Abdullah (2020), Abdullah et al. (2021a).
Luciobarbus esocinus: Abdullah (2020), Abdullah et al. (2021a).
Luciobarbus xanthopterus: Abdullah (2020), Abdullah et al. (2021a).
Mastacembelus mastacembelus: Abdullah (2020), Abdullah et al. (2021a).
3- Contracaecum septentrionale Kreis, 1955 larva: This species was recently
recognized from Carasobarbus luteus by Al-Musaedi (2020).
It is appropriate to mention here that Ali et al. (2014) indicated that larvae of
Contracaecum species in Basrah Province had either a very small caecum, as it the
case in those infecting H. fossilis (hence known as Contracaecum sp. 2) or a long
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caecum as in the remaining 19 fish host species (hence known as Contracaecum sp.
1). In addition, some adult Contracaecum species were recorded from Khor AlZubair estuary. These included J. belangerii by Al-Daraji (1995) as well as three
other fish species (A. hians, S. undosquamis and S. sihama) by Bannai (2002). AlSalim & Ali (2010) transferred these Contracaecum species to the genus
Hysterothylacium Ward & Magath, 1917 as adult Contracaecum species are known
to be parasites of birds and mammals (Fagerholm, 1991).
Adult Contracaecum Species from Birds of Iraq
In Iraq, some adult Contracaecum species were recorded from some birds in
different parts of Iraq such as Baghdad City (Al-Moussawi & Mohammad, 2011;
Al-Moussawi, 2017; Al-Qaisi et al., 2020), Bahr Al-Najaf depression of Al-Najaf
Al-Ashraf Province (Al-Awadi et al., 2010b), Al-Sanaf Marsh of Thi-Qar Province
(Mohammad, 2014; Mohammad & Hbaiel, 2019a, b), Al-Hammar Marsh of ThiQar Province (Ali, 2008; Al-Kinanny, 2013), Al-Hammar Marsh of Basrah
Province (Ali, 2008), Basrah marshes (Abdullah, 1988; Al-Hadithi & Abdullah,
1991; Awad et al., 1994; Al-Tameemi, 2013) and Shatt Al-Arab River (Al-Hadithi
& Habish, 1977; Habish, 1977; Abed, 2005; Swadi, 2013; Yaseen, 2018). The
bird’s valid scientific names followed BirdLife International (2021).
The following is a list of Contracaecum species so far recorded from bird
species of Iraq with their concerned hosts and references.
1- Contracaecum microcephalum (Rudolphi, 1809): This species was reported from
the following seven bird species:
Ardea purpurea: Al-Hadithi & Habish (1977), Habish (1977), Awad et al. (1994),
Mohammad & Hbaiel (2019b).
Ardeola ralloides: Ali (2008), Mohammad & Hbaiel (2019b).
Botaurus stellaris: Ali (2008).
Bubulcus ibis: Swadi (2013).
Egretta grazetta: Awad et al. (1994), Ali (2008), Mohammad & Hbaiel (2019b).
Microcarbo pygmaeus (reported as Phalocrocorax pygmaeus): Awad et al. (1994).
Pelecanus onocrolalus: Mohammad & Hbaiel (2019b).
2- Contracaecum micropapillatum (Stossich, 1890): This species was reported from
the following three bird species:
Ardea cinerea: Ali (2008).
Botaurus stellaris: Ali (2008).
Nycticorax nycticorax: Mohammad & Hbaiel (2019a) as free larvae in the
proventriculus.
3- Contracaecum multipapillatum (Drasche, 1882) Lucker, 1941: This species was
reported from the following three bird species:
Ardeola ralloides: Mohammad & Hbaiel (2019b).
Egretta grazetta: Mohammad & Hbaiel (2019b).
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Microcarbo pygmaeus (reported as Phalocrocorax pygmaeus): Awad et al. (1994).
4- Contracaecum ovale (Linstow, 1907): This species was reported from the
following three bird species:
Ardea purpurea: Abdullah (1988), Al-Hadithi & Abdullah (1991), Al-Kinanny
(2013).
Botaurus stellaris: Ali (2008).
Egretta gularis: Yaseen (2018).
5- Contracaecum rudolphi Hartwich, 1964 (also reported as C. spiculigerum): This
species was reported from the following two bird species:
Microcarbo pygmaeus (reported as Phalocrocorax pygmaeus): Awad et al. (1994),
Al-Kinanny (2013).
Phalocrocorax carbo: Al-Moussawi & Mohammad (2011), Al-Moussawi (2017),
Mohammad & Hbaiel (2019b), Al-Qaisi et al. (2020).
6- Contracaecum septentrionale Kreis, 1955: This species was reported as free
larvae from proventriculus of one bird species:
Nycticorax nycticorax: Mohammad & Hbaiel (2019a).
7- Unidentified adult and fourth larval stages of Contracaecum species were
reported from the following 17 bird species:
Ardea alba (reported as Egretta alba): Awad et al. (1994), Al-Awadi et al. (2010b).
Ardea cinerea: Ali (2008) as larvae and Al-Tameemi (2013).
Ardea purpurea: Al-Awadi et al. (2010b), Al-Tameemi (2013), Mohammad (2014).
Ardeola ralloides: Ali (2008) as larvae, Al-Awadi et al. (2010b), Al-Tameemi
(2013), Mohammad (2014).
Botaurus stellaris: Ali (2008) as larvae, Al-Awadi et al. (2010b).
Bubulcus ibis: Al-Tameemi (2013), Mohammad (2014).
Ceryle rudis: Al-Awadi et al. (2010b).
Egretta garzetta: Al-Awadi et al. (2010b), Al-Tameemi (2013), Mohammad
(2014), Yaseen (2018).
Egretta gularis: Yaseen (2018).
Himantopus himantopus: Al-Tameemi (2013).
Larus cachinnans: Yaseen (2018).
Larus genei: Al-Tameemi (2013), Mohammad (2014).
Microcarbo pygmaeus (reported as Phalocrocorax pygmaeus): Al-Tameemi (2013).
Nycticorax nycticorax: Al-Tameemi (2013), Mohammad (2014), Yaseen (2018).
Pelecanus onocrotalus: Mohammad (2014).
Phalacrocorax carbo: Abed (2005), Al-Tameemi (2013), Mohammad (2014).
Platalea leucordia: Awad et al. (1994).

Checklist of fish hosts of species of Contracaecum in Iraq

295

Acknowledgements
Sincere thanks are due to Dr. Jörg Freyhof of Leibniz Institute for Evolution and
Biodiversity Science, Berlin for ascertaining the specific name of the fish Cyprinion
macrostomum through a correspondence with Dr. Atheer H. Ali. Sincere thanks are
also due to Dr. Atheer H. Ali of the College of Agriculture, University of Basrah,
Iraq for forwarding some literature and for his valuable suggestions while revising
the manuscript.
References
Abbas, A.A.-K. (2007). Histopathological studies of some parasites of the Asian
catfish, Silurus triostegus (Heckel, 1843) and potassium permanganate on the
black molly, Poecilia sphenops (Valenciennes, 1846). Ph. D. Thesis, Coll.
Educ., Univ. Basrah: 144 pp. (In Arabic).
Abbas, J.A. (2019). The parasitic fauna of some species of fishes from Tigris River
at Al-Autaifia Region, Baghdad Province, Iraq. M. Sc. Thesis, Coll. Educ.
Pure Sci. Ibn Al-Haitham, Univ. Baghdad: 140 pp. (In Arabic).
Abdul-Ameer, K.N. (1989). Study of the parasites of freshwater fishes from Tigris
River in Salah Al-Dien Province, Iraq. M. Sc. Thesis, Coll. Sci., Univ.
Baghdad: 98 pp. (In Arabic).
Abdul Fraj, M.S.A. & Ftohe, Z.I. (2008). Histological structure of the cyst wall of
Contracaecum larva and the histopathology in the stomach of Silurus glanis.
Al-Rafidain J. Sci., 19(2): 59-71. (In Arabic). DOI:10.33899/ rjs.2008.41573.
Abdullah, B.H. (1988). A study on parasites of some aquatic birds in Basrah. M.
Sc. Thesis, Coll. Educ., Univ. Basrah: 118 pp. (In Arabic).
Abdullah, S.M.A. (1990). Survey of the parasites of fishes of Dokan Lake. M. Sc.
Thesis, Coll. Sci., Univ. Salahaddin: 115 pp. (In Arabic).
Abdullah, S.M.A. (2000). Isolation of some parasites in samples of fishes taken
from Erbil’s market. J. Dohuk Univ., 3(1): 1-6. (In Arabic).
Abdullah, S.M.A. (2002). Ecology, taxonomy and biology of some parasites of
fishes from Lesser Zab and Greater Zab rivers in north of Iraq. Ph. D. Thesis,
Coll. Educ. (Ibn Al-Haitham), Univ. Baghdad: 153 pp. (In Arabic).
Abdullah, S.M.A. (2004). Comparison between the parasitic infections of fishes
caught in two of each of small natural habitats and fish farms in Erbil City.
Zanco, 16(4): 43-50. (In Arabic).
Abdullah, S.M.A. (2005). Parasitic fauna of some freshwater fishes from
Darbandikhan Lake, north of Iraq. J. Dohuk Univ., 8(1): 29-35.
Abdullah, S.M.A. & Mhaisen, F.T. (2006). Effect of sex and length of Cyprinus
carpio from Lesser Zab River in northern Iraq, and seasonal variations on the
infection with some parasites. Rafidain J. Sci., 17(9): 1-9.
Abdullah, S.M.A. & Mhaisen, F.T. (2011). Infection of fishes from Greater Zab and
Lesser Zab rivers in north of Iraq with larvae of nematode Contracaecum spp.
Kirkuk Univ. J., Sci. Stud., 6(3): 694-701. (In Arabic).

296

Mhaisen & Abdul-Ameer

Abdullah, S.M.A. & Rasheed, A.A.M. (2004). Parasitic fauna of some freshwater
fishes from Dokan Lake, north of Iraq. II: Endoparasites. Ibn Al-Haitham J.
Pure Appl. Sci., 17(5): 1-12.
Abdullah, Y.S. (2020). Ultra-morphological structure and molecular
characterization of Contracaecum larvae (Nematode) parasitic of some fishes
in Sulaimani Province, Kurdistan Region-Iraq. Ph. D. Thesis, Coll. Sci., Univ.
Sulaimani: 130 pp.
Abdullah, Y.S.; Abdullah, S.M.A. & Hussein, R.H. (2021a). Morphology and
molecular studies of Contracaecum larvae (Nematoda: Anisakidae) in some
fish species from Sulaimani Province, Kurdistan Region, Iraq. Basrah J.
Agric. Sci., 34(1): 93-110.
Abdullah, Y.S.; Abdullah, S.M.A. & Hussein, R.H. (2021b). Ultramorphology and
molecular studies of Contracaecum larvae (Nematoda: Anisakidae) collected
in five cyprinid fish species from Sulaimani Province, Kurdistan Region-Iraq.
Helminthologia, 58(1): 41-58.
Abdul-Rahman, N.M. (1999). Parasites infection in fish from Garmat Ali River and
its relation with food items. M. Sc. Thesis, Coll. Agric., Univ. Basrah: 103
pp. (In Arabic).
Abed, J.M. (2005). Biological and ecological survey of some enemies of fishes in
three fish farms in Iraq. Ph. D. Thesis, Coll. Agric., Univ. Basrah: 111 pp. (In
Arabic).
Abubakr, A.M.-A. (2015). Studies on nematodes of two cyprinid fishes from
Greater Zab River, near Aski-Kalak, Kurdistan Region with special reference
to the effect of sex, length and season on infection rate. M. Sc. Thesis, Coll.
Educ., Univ. Salahaddin: 82 pp.
Abul-Eis, E.S.; Ali, N.M.; Abdul-Ameer, K.N. & Kadim, L.S. (1989). On the
occurrence of fish parasites raised in man-made lakes. II: Helminths. Second
Sci. Conf., Fish. Mar. Resour., Basrah: 16-17 May 1989. (Abstract).
Al-Abbadie, F.A.M. (2006). Preliminary study on the parasites of some freshwater
fishes in Al-Gharraf River, southern Iraq. J. Thi Qar Univ., 2(3): 17-27. (In
Arabic).
Al-Alusi, M.A. (1989). A study of alimentary canal helminths of some species of
Iraqi fishes from Al-Qadissiya Dam Lake. M. Sc. Thesis, Coll. Sci., Univ.
Baghdad: 110 pp. (In Arabic).
Al-Alusi, M.A. (2011). Survey of some parasitic worms on three fish species from
Euphrates River at Al-Haklania District, Al-Anbar Province. Ibn Al-Haitham
J. Pure Appl. Sci., 24(1): 69-75. (In Arabic).
Al-Asadiy, Y.D.K. (2018). Detection of the relationship between the intensity of
infection Contracaecum sp. (Ascaridoidea) larvae and feeding of freshwater
fish caught in Samawahh City. Indian J. Public Health Res. Dev., 9(10): 594599. DOI:10.5958/0976-5506.2018.01197.X. (Abstract only).
Al-Awadi, H.M.H. (1997). Some ecological aspects of the parasitic faunae of fishes
and aquatic birds in Bahr Al-Najaf depression, Iraq. Ph. D. Thesis, Coll.
Educ. (Ibn Al-Haitham), Univ. Baghdad: 71 pp.

Checklist of fish hosts of species of Contracaecum in Iraq

297

Al-Awadi, H.M.H.; Mhaisen, F.T. & Al-Joborae, F.F. (2010a). Parasitic fauna of
fishes in Bahr Al-Najaf depression, mid Iraq. Bull. Iraq Nat. Hist. Mus.,
11(1): 1-9.
Al-Awadi, H.M.H.; Mhaisen, F.T. & Al-Joborae, F.F. (2010b). Helminth parasitic
fauna of aquatic birds in Bahr Al-Najaf depression, mid Iraq. Bull. Iraq Nat.
Hist. Mus., 11(2): 7-15.
Al-Daraji, S.A.M. (1986). Survey of parasites from five species of fishes found in
Al-Hammar Marsh. M. Sc. Thesis, Coll. Agric., Univ. Basrah: 130 pp. (In
Arabic).
Al-Daraji, S.A.M. (1995). Taxonomical and ecological studies on the metazoan
parasites of some marine fishes of Khor Al-Zubair estuary, north-west of the
Arabian Gulf. Ph. D. Thesis, Coll. Agric., Univ. Basrah: 182 pp.
Al-Darweesh, A.A.R. (2010). Pathological study of endoparasitic and fungal
infections in common carp Cyprinus carpio L. M. Sc. Thesis. Coll. Vet.
Med., Univ. Baghdad: 89 pp. (In Arabic).
Al-Hadithi, I.A.W. & Abdullah, B.H. (1991). Some helminth parasites from three
species of aquatic birds in Basrah- Iraq. Basrah J. Agric. Sci., 4(1 & 2): 261271. (In Arabic).
Al-Hadithi, I.A.W. & Habash, A.H. (1979). Ecological and biological studies on
the larval nematode, Contracaecum sp. a parasite of the fishes in Basrah, Iraq.
(2): Seasonal variations. Bull. Coll. Educ., Univ. Basrah, 1: 309-322.
Al-Hadithi, I.A.W. & Habish, A.H. (1977). Observations on nematode parasite
(Contracaecum sp.) in some Iraqi fishes. Bull. Basrah Nat. Hist. Mus., 4: 1725.
Al-Hadithi, I.A. & Jawad, L.A.J. (1975). Survey on nematode infection of Iraqi
fishes. Bull. Basrah Nat. Hist. Mus., 2: 19-25.
Al-Hadithi, I.A.; Habash, A.H. & Daoud, Y.T. (1980). Seasonal changes of
acanthocephalan worms parasitic in mugilid fishes in Shatt Al-Arab. Gulf &
Arab. Penins. Stud., 24: 127-139. (In Arabic).
Ali, A.H. (2001). Pathological effects of helminths parasitic on some local fishes.
M. Sc. Thesis, Coll. Agric., Univ. Basrah: 174 pp. (In Arabic).
Ali, A.H. (2008). Taxonomy of helminth parasites in some marine and freshwater
fishes and the relation of some of it’s with their final hosts in southern of Iraq.
Ph. D. Thesis, Coll. Agric., Univ. Basrah: 336 pp. (In Arabic).
Ali, A.H.; Mhaisen, F.T. & Khamees, N.R. (2014). Checklists of nematodes of
freshwater and marine fishes of Basrah Province, Iraq. Mesopot. J. Mar. Sci.,
29(2): 71-96.
Ali, B.A.-R. (1989). Studies on parasites of some freshwater fishes from Greater
Zab- Iski-Kalak. M. Sc. Thesis, Coll. Sci., Univ. Salahadden: 120 pp. (In
Arabic).
Ali, M.D. & Shaaban, F. (1984). Some species of parasites of freshwater fish raised
in ponds and in Tigris- Al-Tharthar Canal Region. Seventh Sci. Conf. Iraqi
Vet. Med. Assoc., Mosul: 23-25 Oct. 1984: 44-46. (Abstract).

298

Mhaisen & Abdul-Ameer

Ali, N.M.; Abul-Eis, E.S. & Abdul-Ameer, K.N. (1988a). Study on the parasites of
common carp Cyprinus carpio and other freshwater fishes in Habbaniyah
Lake, Iraq. J. Biol. Sci. Res., 19(2): 395-407.
Ali, N.M.; Abul-Eis, E.S. & Abdul-Ameer, K.N. (1988b). On the occurrence of fish
parasites raised in manmade lakes. Sixth Conf. Europ. Ichthyol., Budapest:
15-19 Aug. 1988: 60. (Abstract).
Ali, N.M.; Al-Jafery, A.R. & Abdul-Ameer, K.N. (1987a). Parasitic fauna of
freshwater fishes in Diyala River, Iraq. J. Biol. Sci. Res., 18(1): 163-181.
Ali, N.M.; Salih, N.E. & Abdul-Ameer, K.N. (1987b). Parasitic fauna of some
freshwater fishes from Tigris River, Baghdad, Iraq. IV: Nematoda. J. Biol.
Sci. Res., 18(3): 35-45.
Ali, N.M.; Mhaisen, F.T.; Abul-Eis, E.S. & Kadim, L.S. (1989). Helminth parasites
of the mugilid fish Liza abu (Heckel) inhabiting Babylon Fish Farm, Hilla,
Iraq. Proc. 5th Sci. Conf., Sci. Res. Counc., 5(2): 225-233.
Al-Jadoaa, N.A.A. (2002). The parasitic infections and pathological changes of
some local and cultured fishes from Al-Qadisiya and Babylon provinces. Ph.
D. Thesis, Coll. Educ., Al-Qadisiya Univ.: 158 pp. (In Arabic).
Al-Jadoaa, N.A. (2008). Study of the parasitic infection of Liza abu fish in drainage
water at Al-Diwaniya Province. J. Babylon Univ., 15(1): 256-263. (In
Arabic).
Al-Janae'e, A.M.S. (2010). Parasites of some Iraqi fishes in two localities varied in
their trophic levels in inland water of Basrah. M. Sc. Thesis, Coll. Agric.,
Univ. Basrah: 227 pp. (In Arabic).
Al-Jawda, J.M.; Balasem, A.N.; Mhaisen, F.T. & Al-Khateeb, G.H. (2000).
Parasitic fauna of fishes from Tigris River at Salah Al-Deen Province, Iraq.
Iraqi J. Biol. Sci., 19 & 20: 16-24.
Al-Jubouri, M.O.A.; Al-Niaeem, K.S. & Taher, M.M. (2017). Clinical diagnosis of
some diseases and parasites infected common carp (Cyprinus carpio)
cultivated in floating cages at Babylon Province. Euphrates J. Agric. Sci.
(Second Vet. Conf.): 229-244.
Al-Karboly, R.W.K. (2012). The dispersal on intestinal parasites in fish in Al-Rutba
Dam. Iraqi J. Desert Stud., 4(1): 1-4. (In Arabic).
Al-Kinanny, Z.A.H. (2013). Parasitic helminthes in some aquatic birds in AlHammar Marsh of Thi-Qar governorate with reference to some of
environmental aspects of the parasites birds Bubulcus ibis. M. Sc. Thesis,
Coll. Educ. Pure Sci., Univ. Thi-Qar: 106 pp. (In Arabic).
Al-Kinanny, Z.A.H. & Al-Ubaydi, N.A.H. (2017). Seasonal changes and their
impact on the incidence internal parasites of fish Liza abu in the-Qar
governorate. J. Al-Qadisiyah Pure Sci., 22(1): 41-47. (In Arabic).
Al-Mahi, A.M.Y. (2014). The usage of bio-accumulation of heavy metals in tissues
of parasitic helminthes of two types of fresh waters fishes in Al-Qadisiya
governorate. Ph. D. Thesis, Coll. Educ., Al-Qadisiya Univ.: 132 pp. (In
Arabic).

Checklist of fish hosts of species of Contracaecum in Iraq

299

Al-Mahi, A.M.Y. & Al-Mayali, H.M. (2016). Identification of some intestinal
helminthes in Barbus grypus, Liza abu and study of histopathological changes
result from infection. J. Al-Qadisiyah Pure Sci., 21(1): 96-115. (In Arabic).
Al-Mahi, A.M.Y. & Al-Mayali, H.M. (2017). Measurements of some heavy metals
in tissues infected by intestinal worms of two kind of fishes in Al-Qadisiyah
Province. Al-Qadisiyah J. Vet. Med. Sci., 16(3): 115-124. 6th Conf. (1st Int.)
27-28 Sep. 2017. DOI:10.29079/vol17iss1art486.
Al-Moussawi, A.A. (1997). A taxonomic comparison between some species of
family Cyprinidae and family Bagridae and their infection with endoparasites.
M. Sc. Thesis, Coll. Sci., Univ. Baghdad: 86 pp. (In Arabic).
Al-Moussawi, A.A. (2017). Insights at morphological features of Contracaecum
rudolphii Hartwich, 1964 (Nematoda: Anisakidae) as revealed by scanning
electron microscope (SEM). J. Entomol. Zool. Stud., 5(3): 116-119.
Al-Moussawi, A.A. & Mohammad, M.K. (2011). Contracaecum rudolphii
Hartwich, 1964 (Nematoda: Anisakidae) in the cormorant Phalacrocorax
carbo (Linnaeus, 1758) wintering in Baghdad area: A new host record in Iraq.
Bull. Iraq Nat. Hist. Mus., 11(3): 7-16.
Al-Moussawi, A.A.; Hadi, A.M. & Macawi, Z.A. (2018). Diagnosis of some
parasites of Asian catfish Silurus triostegus (Heckel, 1843). Adv. Biores.,
9(3): 86-90.
Al-Mowla, S.A.T. (2010). Biochemical parameters in some nematodes, which
infect some vertebrates. Ph. D. Thesis, Coll. Sci., Univ. Mosul: 229 pp. (In
Arabic).
Al-Musaedi, A.I.C. (2020). Morphological and molecular study of gastrointestinal
helminthes parasites of some fish species in Al-Huwayzah Marsh, Misan/
Iraq. M. Sc. Thesis, Coll. Sci., Univ. Misan: 97 pp.
Al-Nasiri, F.S. (2000). Parasitic infections of fishes in a man-made lake at AlAmiriya Region, Baghdad. M. Sc. Thesis, Coll. Educ. (Ibn Al-Haitham),
Univ. Baghdad: 133 pp. (In Arabic).
Al-Nasiri, F.S.; Mhaisen, F.T. & Al-Nasiri, S.K. (2002). Parasitic infections of the
common carp, Cyprinus carpio in a man-made lake at Baghdad Region. Iraqi
J. Agric. (Spec. Issue), 7(1): 175-181.
Al-Nasiri, F.S.; Mhaisen, F.T. & Al-Nasiri, S.K. (2003). Parasites of the grey
mullet Liza abu in a man-made lake at Baghdad Region. Iraqi J. Agric. (Spec.
Issue), 8(1): 133-140.
Al-Niaeem, K.S.K. (1999). Histopathological and biochemical effects of some
helminths parasitic in three Iraqi freshwater fishes. M. Sc. Thesis, Coll.
Agric., Univ. Basrah: 73 pp. (In Arabic).
Al-Niaeem, K.S. & Al-Azizz, S.A.A. (2002). The influence of parasitism in Barbus
sharpeyi on protein and lipid content. Basrah J. Vet. Res., 1(1): 27-32. (In
Arabic).
Al-Niaeemi, B.H.S. (1997). A study on parasites of the fish Silurus glanis L., from
Tigris River in Mosul City with special reference to the histopathological

300

Mhaisen & Abdul-Ameer

effects caused by some infections. M. Sc. Thesis, Coll. Sci., Univ. Mosul: 116
pp. (In Arabic).
Al-Qaisi, A.Q.; Al-Warid, H.S. & Al-Moussawi, A.A. (2020). Molecular
characterization of Contracaecum rudolphii Hartwich, 1964 (Nematoda:
Anisakidae) from the cormorant Phalacrocorax carbo in Iraq. Bull. Iraq Nat.
Hist. Mus., 16(2): 135-150. DOI:10.26842/binhm.7.2020.16.2.0135.
Al-Saadi, A.A.J.J. (1986). A survey of alimentary canal helminths of some species
of fishes from Tharthar Lake. M. Sc. Thesis, Coll. Sci., Univ. Baghdad: 94
pp. (In Arabic).
Al-Saadi, A.A.J.J. (2007). Ecology and taxonomy of parasites of some fishes and
biology of Liza abu from Al-Husainia Creek in Karbala Province, Iraq. Ph. D.
Thesis, Coll. Educ. (Ibn Al-Haitham), Univ. Baghdad: 155 pp. (In Arabic).
Al-Saadi, A.A.J.J.; Mhaisen, F.T. & Hasan, H.R. (2010). Endoparasites of seven
fish species from Al-Husainia Creek, Karbala Province, mid Iraq. Basrah J.
Agric. Sci., 23 (Spec. Issue 2): 139-146.
Al-Saadi, A.A.J.; Mhaisen, F.T. & Hasan, H.R. (2011). Some aspects of the
reproductive biology of the mugilid fish Liza abu (Heckel) in Al-Husainia
Creek, Karbala Province, Iraq and effect of parasitism on its gonadosomatic
index. Iraqi J. Agric. Res. (Spec. Issue), 16(3): 166-173. (In Arabic).
Al-Sa’adi, B.A.-H.E. (2007). The parasitic fauna of fishes of Euphrates River:
Applied study in Al-Musaib City. M. Technol. Thesis, Al-Musaib Technic.
Coll., Found. Technic. Educ.: 102 pp. (In Arabic).
Al-Sa’adi, B.A.; Mhaisen, F.T. & Al-Rubaie, A.-R.L. (2012). The first
parasitological report on the redbelly tilapia Tilapia zillii (Gervais, 1848) in
Iraq. Proc. 1st Sci. Symp. Iraq Nat. Hist. Mus. Baghdad: 20 June 2012: 1-6.
Al-Sady, R.S. (2000). Description of a new species of Acanthocephala
(Neoechinorhynchus iraqensis) and some ecological aspects of its infection to
the mugilid fish Liza abu from Al-Faluja Region, Al-Anbar Province with
observations on the experimental infection. M. Sc. Thesis, Coll. Educ. (Ibn
Al-Haitham), Univ. Baghdad: 84 pp. (In Arabic).
Al-Salihi, M.S.A.-F.M. (2002). Histopathological and histochemical studies on the
cysts of helminth larvae in some vertebrates in Nenavah governorate. Ph. D.
Thesis, Coll. Sci., Univ. Mosul: 145 pp. (In Arabic).
Al-Salim, N.K. & Ali, A.H. (2010). Description of eight nematode species of the
genus Hysterothylacium Ward et Magath, 1917 parasitized in some Iraqi
marine fishes. Basrah J. Agric. Sci., 23 (Spec. Issue 2): 115-137.
Al-Salim, N.K. & Mohamad, E.T. (1995). Studies on some parasites of the stinging
catfish (Heteropneustes fossilis) from Al-Hammar Marsh- Basrah. A)
Infection of Heteropneustes fossilis by four parasites and their effects on the
fish infected. Mar. Mesopot., 10(1): 155-170. (In Arabic).
Al-Salmany, S.O.K. (2015). Parasitic infections of some fish species from
Euphrates River at Al-Qaim City, Anbar Province. M. Sc. Thesis, Coll. Sci.,
Univ. Tikrit: 193 pp. (In Arabic).

Checklist of fish hosts of species of Contracaecum in Iraq

301

Al-Shaikh, S.M.; Mhaisen, F.T.; Al-Khateeb, G.H.; Balasem, A.N. & Mansoor,
N.T. (1995). Collection of some fish parasites from the lower reaches of
Diyala River, mid Iraq. J. Environ. Sci. Health, A 30(8): 1707-1715.
Al-Tameemi, I.A.A. (2013). Helminthes parasitized on some aquatic birds & the
importance of insects in the life cycle of some of them in Basrah Province.
Ph. D. Thesis, Coll. Educ. Pure Sci., Univ. Basrah: 222 pp. (In Arabic).
Al-Waaly, A.B.M. (2005). A comparative study for parasites of Barbus luteus
fishes in Al-Daghara River and drainage water. M. Sc. Thesis, Coll. Educ.,
Univ. Al-Qadisyia: 101 pp. (In Arabic).
Al-Zubaidy, A.B. (1998). Studies on the parasitic fauna of carps in Al-Furat Fish
Farm, Babylon Province, Iraq. Ph. D. Thesis, Coll. Sci., Univ. Babylon: 141
pp. (In Arabic).
Al-Zubaidy, A.B. (2009). Prevalence and densities of Contracaecum sp. larvae in
Liza abu (Heckel, 1843) from different Iraqi water bodies. J. King Abdulaziz
Univ., Mar. Sci., 20: 3-17.
Anwar, S.M. & Ismail, A.W. (1979). Dispersion pattern of parasite population of
mugil fish. Pak. J. Zool., 11(12): 211-214.
Awad, A.H. & Al-Tameemi, I.A.A. (2013). The role of local fishes as an
intermediate or paratenic hosts for some parasites of aquatic birds in Basrah
Province. Basrah J. Agric. Sci., 26 (Spec. Issue 2): 205-210. (In Arabic).
Awad, A.H.; Abdullah, B.H. & Al-Mayah, S.H. (1994). Some nematodes
parasitized in seven species of aquatic birds in Basrah, Iraq. Basrah J. Sci., B,
12(1): 63-70.
Balasem, A.N.; Mohammad-Ali, N.R.; Adday, T.K.; Ali, A.K. & Waheed, I.K.
(2000). Parasitological survey on fish in Hemrin Dam Lake, Province of
Diyala. J. Diyala, 1(8 Part 1): 104-114. (In Arabic).
Balasem, A.N.; Mhaisen, F.T.; Al-Shaikh, S.M.J.; Al-Khateeb, G.H.; Asmar, K.R.
& Adday, T.K. (1993). Survey of fish parasites from Tigris River at AlZaafaraniya, south of Baghdad, Iraq. Mar. Mesopot., 8(3): 226-235.
Bannai, M.A.-A. (2002). Parasites of some marine fishes of Khor Abdulla, northwest Arabian Gulf. M. Sc. Thesis, Coll. Educ., Univ. Basrah: 103 pp. (In
Arabic).
BirdLife International (2021). Available from: http://www.birdlife.org/ (accessed 9
April 2021).
Coad, B.W. (2010). Freshwater fishes of Iraq. Pensoft Publ., Sofia: 274 pp. + 16
pls. www.briancoad.com.
Dawood, I.H. (1986). The biology of common carp (Cyprinus carpio L.) in Hor AlHammar, southern Iraq. M. Sc. Thesis, Coll. Agric., Univ. Basrah: 94 pp. (In
Arabic).
Eassa, A.M.; Al-Jenaei, A.M.; Abdul-Nabi, Z.A.; Abood, M.A.; Kzaal, R.S. &
Aliwy, Y.J. (2014). Comparative ecological study of pathogens structure
between wild and cultured common carp Cyprinus carpio L. in Basrah. Marsh
Bull., 9(2): 107-123.

302

Mhaisen & Abdul-Ameer

EOL (2018). Encyclopedia of Life on-line database, http//www.eol.org. (Accessed
15 July 2018).
Fagerholm, H.P. (1991). Systematic implications of male caudal morphology in
ascaridoid nematode parasites. Syst. Parasitol., 19: 215-228.
Freyhof, J.; Kaya, C. & Ali, A. (2021). A critical checklist of the inland fishes
native to the Euphrates and Tigris drainages. In: Jawad, L.A. (ed.). Tigris and
Euphrates rivers: Their environment from headwaters to mouth. Aquatic
Ecology Series II, Chapter 35: 40 pp. In Press.
Freyhof, J.; Weissenbacher, A. & Geiger, M. (2017). Aphanius kruppi, a new
killifish from Oman with comments on the A. dispar species group
(Cyprinodontiformes:
Aphaniidae).
Zootaxa,
4338(3):
557-573.
DOI:10.11646/zootaxa.4338.3.10.
Fricke, R.; Eschmeyer, W.N. & Van der Laan, R. (eds.) (2021). Eschmeyer's
Catalog
of
Fishes:
Genera,
Species,
References.
http://researcharchive.calacademy.org/
research/ichthyology/catalog/fishcatmain.asp. (Updated 13 April 2021).
Froese, R. & Pauly, D. (eds.) (2021). FishBase. World Wide Web electronic
publication. www.fishbase.org, version (02/2021).
GBIF (2021). Global Biodiversity Information Facility, on-line database,
http://www.gbif.org. (Accessed 9 April 2021).
Girişgin, A.O.; Alasonyalilar-Demirer, A. & Girişgin, O. (2012). A case of
Contracaecum sp. (Ascaridida: Anisakidae) infection in Dalmatian pelican
(Pelecanus crispus). Kafkas Univ. Vet. Fak. Derg., 18(Suppl. A): 227-229.
Habish, A.H. (1977). Ecological and biological studies on the larval nematode,
Contracaecum sp. a parasite of the fishes in Basrah, Iraq. M. Sc. Thesis, Coll.
Sci., Univ. Basrah: 98 pp.
Hammood, N.W. (2017). Investigation of some parasitic and bacterial infections in
some fish species of Tigris River at Baghdad City. M. Sc. Thesis, Coll. Sci.,
Univ. Tikrit: 141 pp. (In Arabic).
Hathal, B.A. (2021). Survey study and effect of different parasite species on growth
of two fish host species from Lesser Zab River. M. Sc. Thesis, Coll. Agric.,
Univ. Kirkuk: 77 pp.
Hathal, B.A.; Nawwab Al-Deen, F.M. & Bilal, S.J. (2020). Helminth parasite fauna
of two freshwater fishes and relation to their sex and length from Lesser Zab
River Northern Iraq. Euphrates J. Agric. Sci., 12(2): 179-193.
Herzog, P.H. (1969). Untersuchungen über die parasiten der süßwasserfische des
Irak. Arch. Fischereiwiss., 20(2/3): 132-147.
Hussein, M.A. (2018). Parasitic in infection of three fish species passing through
Tikrit City/ Salah Al-Din Province. M. Sc. Thesis, Coll. Educ. Women, Univ.
Tikrit: 89 pp. (In Arabic).
ITIS (2021). Integrated Taxonomic Information System on-line database,
http://www.itis.gov. (Accessed 9 April 2021).

Checklist of fish hosts of species of Contracaecum in Iraq

303

Jori, M.M. (1998). Study of the parasites of two mugilid fish species and the effect
of some on the blood parameters. M. Sc. Thesis, Coll. Agric., Univ. Basrah:
136 pp. (In Arabic).
Jori, M.M. (2006). Parasitic study on the Asian catfish Silurus triostegus (Heckel,
1843) from Al-Hammar marshes, Basrah, Iraq. Ph. D. Thesis, Coll. Educ.,
Univ. Basrah: 192 pp.
Kadhim, A.H. (2009). Disease agents of four fish species in Basrah Province. M.
Sc. Thesis, Coll. Agric., Univ. Basrah: 102 pp. (In Arabic).
Khalifa, K.A. (1989). Incidence of parasitic infestation of fishes in Iraq. Pak. Vet.
J., 9(2): 66-69.
Khalifa, K.A.; Hassan, F.K.; Atiah, H.H. & Latif, B.M.A. (1978). Parasitic
infestation of fishes in Iraqi waters. Iraqi J. Biol. Sci., 6(1): 58-63.
Khamees, N.R. (1983). A study of the parasites of Carasobarbus luteus (Heckel),
Liza abu (Heckel) and Aspius vorax Heckel from Mehaijeran canal, south of
Basrah. M. Sc. Thesis, Coll. Agric., Univ. Basrah: 148 pp. (In Arabic).
Khamees, N.R. & Mhaisen, F.T. (1988). Ecology of parasites of the cyprinid fish
Carasobarbus luteus from Mehaijeran Creek, Basrah. J. Biol. Sci. Res.,
19(2): 409-419.
Mehdi, D.S. (1989). Effect of parasites on the biochemical constituents of fishes
Liza abu. M. Sc. Thesis, Coll. Educ., Univ. Basrah: 98 pp. (In Arabic).
Mhaisen, F.T. (1986). Records of some fish parasites from Shatt-Al-Arab River and
the north west of the Arab Gulf. Bull. Basrah Nat. Hist. Mus., 6(1): 111-124.
Mhaisen, F.T. & Abdul-Ameer, K.N. (2019a). Checklists of Dactylogyrus species
(Monogenea) from fishes of Iraq. Biol. Appl. Environ. Res., 3(1): 1-36.
Mhaisen, F.T. & Abdul-Ameer, K.N. (2019b). Checklists of species of
ancylodiscoidid and ancyrocephalid monogeneans from fishes of Iraq. Basrah
J. Agric. Sci., 32(Spec. 2): 45-62.
Mhaisen, F.T. & Abdul-Ameer, K.N. (2020). Checklists of the species of
Trichodina Ehrenberg, 1830 (Ciliophora: Oligohymenophorea: Peritrichida)
from fishes of Iraq. Biol. Appl. Environ. Res., 4(2): 196-228.
Mhaisen, F.T. & Abdul-Ameer, K.N. (2021). Checklist of fish hosts of species of
Lernaea Linnaeus, 1758 (Hexanauplia: Cyclopoida: Lernaeidae) in Iraq. Biol.
Appl. Environ. Res., 5(1): 53-73. DOI:10.51304/baer.2021.5.1.53.
Mhaisen, F.T. & Al-Jawda, J.M. (2020). Checklists of the species of Myxobolus
Bütschli, 1882 (Cnidaria: Myxozoa: Myxobolidae) from fishes of Iraq. Biol.
Appl. Environ. Res., 4(2): 127-166.
Mhaisen, F.T.; Al-Rubaie, A.L. & Al-Sa’adi, B.A. (2015). Nematodes and
acanthocephalans of fishes from the Euphrates River at Al-Musaib City,
Babylon Province, mid Iraq. Am. J. Biol. Life Sci., 3 (4): 108-115.
Mhaisen, F.T.; Al-Saadi, A.A.J. & Al-Shamma’a, A.A. (1999). Some observations
on fish parasites of Habbaniya Lake. Ibn Al-Haitham J. Pure Appl. Sci.,
12(1): 62-67.

304

Mhaisen & Abdul-Ameer

Mhaisen, F.T.; Al-Salim, N.K. & Khamees, N.R. (1986). The parasitic fauna of two
cyprinids and a mugilid fish from Mehaijeran Creek, Basrah. J. Biol. Sci.
Res., 17(3): 63-73.
Mhaisen, F.T.; Al-Salim, N.K. & Khamees, N.R. (1988). Occurrence of parasites of
the freshwater mugilid fish Liza abu (Heckel) from Basrah, southern Iraq. J.
Fish Biol., 32(4): 525-532.
Mhaisen, F.T.; Al-Khateeb, G.H.; Balasem, A.N. & Mutar, A.J. (1997). On a
collection of some fish parasites from Euphrates River, Anbar Province, Iraq.
Babylon Univ. J., Pure Appl. Sci., 2(3): 267-272.
Mhaisen, F.T.; Balasem, A.N.; Al-Khateeb, G.H.; Asmar, K.R. & Adday, T.K.
(2002). A second collection of fish parasites and fungi from the lower reaches
of Diyala River, mid Iraq. Vet., 12(1): 24-32.
Mohamad, E.T. (1989). Study on parasites of the stinging catfish Heteropneustes
fossilis (Bloch, 1797) from Al-Hammar Marsh, Basrah. M. Sc. Thesis, Coll.
Agric., Univ. Basrah: 103 pp. (In Arabic).
Mohammad, M.K. (2016). The parasitic fauna of the exotic fish Tilapia zillii in the
Middle and South of Iraq. Int. J. Curr. Microbiol. Appl. Sci., 5(3): 93-96.
Mohammad, Z.A.A. (2014). Ectoparasites and helminthes of some aquatic birds in
Al-Sanaf Marsh, southern Thi-Qar Province/Iraq. Ph. D. Thesis, Coll. Educ.
Pure Sci., Uni. Basrah: 218 pp.
Mohammad, Z. A.-A. & Hbaiel, M.K. (2019a). Morphological and Molecular study
of Contracaecum larvae with a new record of Contracaecum Septentrionale
in Al-Sanaf Marsh southern Thi-Qar Province, Iraq. Indian J. Public Health
Res. Develop., 10(10): 1271-1276.
Mohammad, Z.A.-A. & Hbaiel, M.K. (2019b). Isolate and identify of
Contracaecum spp. nematodes from some aquatic bird species by using light
microscope and scanning electron microscope. J. Educ. Pure Sci., Univ. ThiQar, 9(2): 180-192. DOI:10.32792/utq.jceps.09.02.19.
Mustafa, Y.A.S. (2005). Intestinal parasites of mugilid fish Liza abu in Mosul and
study of experimental infection with Goussia carpelli in common carp
Cyprinus carpio and the effect of methionine on the infection. M. Sc. Thesis,
Coll. Vet. Med., Univ. Mosul: 83 pp. (In Arabic).
Mustafa, Y.A.S.; Al-Kenanny, E.R.O. & Salih, N.E. (2006). A survey study on the
intestinal parasites of Liza abu in Mosul. Proc. 4th Sci. Conf., Coll. Vet. Med.,
Univ. Mosul: 229-241. (In Arabic).
Nagasawa, K. (2012). The biology of Contracaecum osculatum sensu lato and C.
osculatum A (Nematoda: Anisakidae) in Japanese waters: A review.
Biosphere Sci., 51: 61-69.
Nawab Al-Deen, F.M. (1994). Studies on the nematode parasites in many species of
freshwater fishes in Iraq. M. Sc. Thesis, Coll. Sci., Univ. Mosul: 116 pp. (In
Arabic).
Rahemo, Z.I.F. & Al-Abbadie, F.A.M. (1994). Parasites of Liza abu (Heckel) from
Al-Gharaf River, Thi-Qar Region- Iraq. J. Educ. Sci., 18: 48-59. (In Arabic).

Checklist of fish hosts of species of Contracaecum in Iraq

305

Rahemo, Z.I.F. & Al-Niaeemi, B.H.S. (2001). Parasites of Silurus glanis inhabiting
Tigris River passing Mosul City. J. Al-Qadisiya, Pure Sci., 6(3): 116-125. (In
Arabic).
Rahemo, Z.I.F. & Nawab Al-Din, F.M. (1995). The histopathology caused by two
nematode larvae in two species of fishes. Türk. Parazitol. Derg., 19(4): 571575.
Rahemo, Z.I.F. & Nawab Al-Din, F. (2009). Morphological observation at SEM on
three species of nematodes from Iraqi fishes. J. Kirkuk Univ., Sci. Stud.,
Spec. Issue 4(3): 13-21.
Rahemo, Z.I.F.; Hamdi, B.A.; Al-Khateeb, I.A.M. & Aziz, F.M. (2005).
Histological changes in the liver of the freshwater fish, Leuciscus cephalus
caught from Serchinar stream, infected with Contracaecum larvae. Riv.
Parassitol., 22(66), No. 3: 185-190.
Rasool, A.H. (2017). Detection of some parasites and study their effects on certain
blood and biochemical parameters of Cyprinus carpio in south of Iraq. M. Sc.
Thesis, Coll. Vet. Med, Univ. Basrah: 102 pp.
Saleem, K.M. (1991). A study on some nematodes of the freshwater fishes of Tigris
River in Mosul and Lake of Mosul Dam. Mesopot. J. Agric., 23(3): 5-8. (In
Arabic).
Shamsi, S. (2019). Parasite loss or parasite gain? Story of Contracaecum nematodes
in antipodean waters. Parasite Epidemiol. Control, 3 e00087. DOI:10.1016/
j.parepi.2019.e00087.
Shamsi. S. & Aghazadeh-Meshgi, M. (2011). Morphological and genetic
characterisation of selected Contracaecum (Nematoda: Anisakidae) larvae in
Iran. Iran. J. Fish. Sci., 10(2): 356-361.
Shamsuddin, M.; Nader, I.A. & Al-Azzawi, M.J. (1971). Parasites of common
fishes from Iraq with special reference to larval form of Contracaecum
(Nematoda: Heterocheilidae). Bull. Biol. Res. Cent., Baghdad, 5: 66-78.
Shwani, A.A.A. (2009). The parasitic fauna of Asian catfish Silurus triostegus
(Heckel, 1843) from Greater Zab River- Kurdistan Region- Iraq. M. Sc.
Thesis, Coll. Sci. Educ., Univ. Salahaddin: 75 pp.
Shwani, A.A.A. & Abdullah, S.M.A. (2010). Endoparasites of the Asian catfish
Silurus triostegus (Heckel, 1843) from Greater Zab River- Kurdistan RegionIraq. J. Duhok Univ., 13(1): 172-179.
Swadi, B.F. (2013). Helminthes parasitized on some aquatic birds which occupied
on Shatt Al-Arab coast north of Basrah governorate. M. Sc. Thesis, Coll.
Educ. Pure Sci., Univ. Basrah: 110 pp. (In Arabic).
Taher, J.H.; Jabouri, S.S. & Abid, N.H. (1994). Epidemiology of Contracaecum
larvae to Liza abu (Heckel) in Al-Najaf Region/ Iraq. Tech. Res. J., 7(19):
277-290. (In Arabic).
Tan, M. & Armbruster, J.W. (2018). Phylogenetic classification of extant genera of
fishes of the order Cypriniformes (Teleostei: Ostariophysi). Zootaxa, 4476(1):
006-039. DOI:10.11646/zootaxa.4476.1.4.

306

Mhaisen & Abdul-Ameer

WoRMS (2021). World Register of Marine Species at http://www.
marinespecies.org at VLIZ. (Accessed 9 April 2021).
Yanong, R.P.E. (2017). Nematode (roundworm) infections in fish. Univ. Florida/
Inst. Food Agric. Sci. Ext., Circ. 91: 9 pp.
Yaseen, A.M. (2018). Helminthes parasitizing on some aquatic birds in the Faw
Town south eastern of Basrah governorate, Iraq. M. Sc. Thesis, Coll. Educ.
Pure Sci., Univ. Basrah: 115 pp. (In Arabic).
Yassin, A.M. (2010). Isolation and identification of the parasites of Liza abu and
Cyprinus carpio in Al-Shenafya River. J. Wasit Univ. Sci. Med., 3(1): 34-43.
(In Arabic).

307

Al-Mhanawi et al.

Vol. 5(2): 307-314, 2021
https://doi.org/10.51304/baer.2021.5.2.307

Dietary Thepax Effects on Intestinal Morphometry and Liver
Histology in Young Common Carp (Cyprinus carpio L.)
Batool H. Al-Mhanawi1, Khalidah S. Al-Niaeem2 & Riyadh A. Al-Tameemi2
1

Department of Diseases and Poultry Diseases, College of Veterinary Medicine, University
of Basrah, Basrah, Iraq;
2
Department of Fisheries and Marine Resources, College of Agriculture, University of
Basrah, Basrah, Iraq
*

Corresponding author e-mail: kalidah_salim@yahoo.com

Abstract: The present study was carried out to assess the effect of diet
supplemented with thepax on intestinal morphometry of young Cyprinus carpio.
Fish mean weights were 13.40±1.85 gm and their mean total length 11.07±1.27
cm (30 specimens), which were randomly distributed into three treatments (two
replications for each treatment). Fish groups were fed three dissimilar diets up to
60 days. The first group was fed with 0.5 gm thepax/kg diet, the second group
was fed with 1 gm thepax/kg diet and the third group was served as the control
group which fed basal diet without thepax.supplementation. The feed was
applied twice daily at 3.0% of the body weight per day for 60 days. The intake of
prebiotics (thepax) modified the gastrointestinal tracts. Villus length, villus
width, and villus area were significantly (P<0.05) higher than control in young
common carp fed the diet supplemented with thepax (1 gm/kg). No differences
in liver histology are observed between the three experimental feed treatments.
No histopathological changes like degeneration, necrosis, leukocyte infiltration,
haemorrhage and steatosis were noticed. These results indicated that host-derived
prebiotics, especially thepax (1 gm/kg) has significant potential as an important
prebiotic to enhance the nutrients utilization and metabolism through increasing
intestinal surface area in young common carp.
Keywords: Fish, Cyprinus carpio, Thepax, Intestinal
histology

morphometry, Liver

Introduction
One of the issues farmers faced on their aquaculture practices was decreased in
water quality due to unconsumed fish feeds and fish wastes. This condition of
cultivation may reduce the immune response, facilitate the invasion of
opportunistic pathogens and even increase mortality, which cause considerable
economic losses and damage the sustainable development (Yılmaz et al., 2013;
Waldemar et al., 2017).
Manipulation of intestinal microflora through the dietary supplementation of
prebiotics, also known as bio-friendly agents, is a novel approach to improve the
Received May 2, 2021, accepted July 4, 2021
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gut health, growth performances and wellbeing of farmed aquatic animals (Ringø et
al., 2010; Han et al., 2015).
Prebiotic is expressed as an anon-digestible food ingredient that profitably
affects the host by selective stimulating the growth and/ or activation of one or a
limited number of bacteria in the intestine that can enhance host health status
(Gibson & Roberfroid, 1995; Olsen et al., 2001; Sahu et al., 2007).
Thepax (prebiotic) is a manipulated product of Saccharomyces cerevisiae yeast
cells with controlled reproduction and supplemented with amino acids, minerals
and vitamins. These supplementary ingredients have positive effects on growth and
provide a favorable intestinal microflora (Boostani et al., 2013). The overall
objective was to evaluate the efficacy of dietary thepax supplementation as well as
their effects on the intestinal morphometry in the young common carp C. carpio.
Materials and Methods
A total of 30 live common carps weighing 13.40±1.85 gm with total length of
11.07±1.27 cm were obtained from ponds of Marine Science Centre, University of
Basrah and transported to the laboratory (Department of Fisheries and Marine
Resources). The fishes were treated in a saturated saline solution to get rid of
pathogens and ectoparasites. They were acclimated for 14 days and fed on a
standard diet (Table 1).
Fishes were randomly distributed in six tanks: Five fishes per tank of 30 x 40 x
60 cm. Water quality criteria were controlled by measuring the daily temperature,
salinity, pH and dissolved oxygen.
Fish groups were fed three different diets up to 60 days. The first group was fed
with 0.5 gm thepax/kg diet, the second group was fed with 1 gm thepax/kg diet and
the third group was served as the control group which fed basal diet without thepax
supplementation.
The intestine and liver of fishes were fixed in 10% formalin. Paraffin sections
were prepared (5-8 microns thick), stained by haematoxylin and eosin (H&E), and
examined by a light microscope (Humason, 1972).
Intestinal morphology parameters (villus height, villus width, villus area, crypth
depth and intestinal wall thickness) were measured using an image analysis
application software (the extraction of meaningful information from images,
mainly from digital images by means of digital image processing techniques), as
many villi as possible were measured, up to ten villi per slide and no less than five.
The villi were chosen to be as evenly spaced around the intestine sample as
possible (Bullerwell et al., 2016).
Differences among groups in terms of intestinal morphometry were tested by
one-way analysis of variance (ANOVA) at 0.05 using SPSS 20.
Result and Discussion
All intestinal morphometry including villus height, villus mid width, villus area,
crypt depth and intestinal wall thickness of the intestine samples in response to the
dietary thepax administration are shown in Table 2 and Figure 1.
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Among the above intestinal histo-morphological parameters, crypt depth and
intestinal wall thickness were not affected by dietary supplementation of thepax.
Dietary administration of thepax (1 gm/kg) significantly (P<0.05) increased villus
height (0.389 μm), villus mid-width (0.161 μm) and villus area (0.070 μm2)
compared to the control diet.
Prebiotics could improve the intestinal wall thickness, villus height and villus
density in animals (Dimitroglou et al, 2010; Azevedo et al., 2016). In the present
study, dietary of thepax, histologically influenced the intestinal tract including
villus height, villus mid-width and villus area.
For instance, rainbow trout (Oncorhynchus mykiss) fed a prebiotic diet (ergosan
plant) showed a significant increase in villus height compared to fish fed the
control diet (Heidarieh et al., 2012). Merrifield et al. (2011) reported that prebiotic
alginic acid enhanced the enterocyte microvilli in the proximal intestine in juvenile
Nile tilapia (Oreochromis niloticus), but not in the distal intestine.
Although dietary supplementation of thepax (1 gm/kg) significantly (P<0.05)
improved villus height, villus width and villus area, no effects were observed on
intestinal wall thickness and crypt depth. This may be due to the fish's need for a
long time to dietary prebiotic and then effects on intestinal wall thickness and crypt
depth (Merrifield et al., 2011; Rašković et al., 2011).
No differences in liver histology are observed between the three experimental
feed treatments. Also, no histopathological changes like degeneration, necrosis,
leukocyte infiltration, haemorrhage and steatosis were noticed (Fig. 2).
Liver histopathological examination is one of the powerful tools that can be
used effectively to monitor fish health in general, as liver is the main organ
associated with the digestive system in fishes. Liver histopathological examination
can reveal any adverse effects of feed components especially the novel or
innovated ingredients (Rašković et al., 2011, 2013).
Some previous studies showed that some dietary prebiotics do not lead to any
adverse effects on liver histology in cultured fish species (Olsen et al., 2001;
Merrifield et al., 2011). This agrees with the results of the current study.
To date, very little information is available on the effects of prebiotics on
intestinal wall thickness and crypt depth in fishes (Azevedo et al., 2016). Similar to
the present results, other works recorded that the addition of each inulin at 5.0
gm/kg and Jerusalem artichoke (5.0 or 10.0 gm/kg) shown an increase in villus
height of intestine of juvenile Nile tilapia (Tiengtam et al., 2015).
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Table 1: Formulation of the experimental diet.
Ingredients
%
Fishmeal
25.00
Soybean meal
40.00
Corn meal
10.00
Barley meal
10.00
Wheat bran
10.00
Carboxy methyl cellulose
2.00
Vit premix*
3.00
Totale
100
* Sebro Company Turkey
Table 2: Histological measurement of intestinal samples in young common carp fed
experimental diets supplemented with thepax for 60 days.
Parameters
Experimental diets
Control
Thepax
Thepax
Standard diet
(0.5 gm/kg diet)
(1 gm/kg diet)
Villus height (μm)
0.310±0.005a
0.321±0.005a
0.389±0.002b
a
a
Villus width (μm)
0.127±0.006
0.139±0.004
0.161±0.006b
Villus area (μm2)
0.041±0.008a
0.047±0.008 a
0.070±0.003b
a
a
Crypt depth (μm)
0.026±0.003
0.026±0.002
0.028±0.003a
Intestinal wall thickness
0.098±0.003a
0.100±0.002a
0.101±0.004a
(μm)
Different letters in the same row are significantly different (P<0.05).
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Figure 1: Intestinal morphometry of the intestine region. A & D: Control, B: 0.5 gm
Thepax/kg diet, C: 1 gm thepax/kg diet. Points of measurements for histological
analysis of intestinal cross-sections: (a) villus length, (b) villus width, (c) crypt
depth, (d) intestinal wall thickness, (e) villus area. (H&E, 400 X).
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Figure 2: Fish liver histology. A: Control, B: 0.5 gm Thepax/kg diet, C: 1 gm thepax/kg
diet. Hc: hepatocyte, Hp: hepatopancreas, v: vein. (H&E, 400 X).
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Abstract: The ciliophoran parasite Apiosoma doliaris (Timofeev, 1962) Lom,
1966 was detected from the gills of fry of both grass carp Ctenopharyngodon
idella and common carp Cyprinus carpio during May 2018 at the ponds of
Marine Science Centre Fish Hatchery, University of Basrah.. In the present
study a brief description of A. doliaris was given. The occurrence of this
species represents its first record in Iraq.
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Introduction
Hoffman (1970) stated that the protozoan parasites probably cause more diseases
in fish culture than any other type group of animal parasites. Apiosoma species
represent peritrichid ciliates belonging to the order Mobilida that live as
ectocommensals on gills and body surfaces of aquatic organisms (Kahl, 1933).
These peritrichid ciliates are characterized taxonomically by possessing scopula
as a substrate-attaching organ (Gong et al., 2006). Saville-Kent (1880-1881)
described the first member of this genus under the name Spirochona tintinnabulum.
After that, Bütschli (1889) separated this species from the genus Spirochona and
renamed it as Glossatella tintinnabulum under his newly erected generic name. So,
the term Glossatella was widely used for a long period. Apiosoma piscicola, a
representative of the genus Apiosoma, was first found and named by Blanchard
(1885) on Cyprinus carpio. Lom (1966) and Lynn (2008) gave the priority of the
genus Apiosoma in their authoritative work. Li et al. (2008) summarized 72 species
and one subspecies of Apiosoma. Shulman, (1987) described a new species of
Apiosoma, i.e., A. applanatum from minnow Phoxinus phoxinus.
In Iraq, nine Apiosoma species were previously reported for the first time. These
included A. piscicola from Ctenopharyngodon idella, Cyprinus carpio and
Hypophthalmichthys molitrix by Ali et al. (1988), A. amoeba from both C. idella
and H. molitrix by Ali et al. (1989), A. poteriformis from C. idella by Ali et al.
(1989), A. minuta from C. carpio by Hussain (2007), A. robusta from Silurus
triostegus by Shwani (2009), A. megamicronucleata from Planiliza abu (reported
Received May 3, 2021, accepted July 7, 2021
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as Liza abu) by Al-Nasiri (2013), A. campanulata from Cyprinion kais by AlSalmany (2015), A. minicilata from Acanthobrama marmid by Al-Salmany (2015)
and A. dollii from P. abu by Al-Musawi (2016). More fish host species were also
reported for the above-named nine Apiosoma species (Mhaisen, 2021). Due to the
shortage of our knowledge on the parasitic fauna of fishes reared in ponds of
Marine Science Centre, the present article was designed to highlight on fish fry
infection with A. doliaris, which is recorded here for the first time in Iraq and hence
represents the tenth species of the genus Apiosoma in freshwater fishes of Iraq.
Materials and Methods
During the survey of fish parasites at the ponds of Marine Science Centre Fish
Hatchery, University of Basrah, in May 2018, a total of 53 fry of grass carp
Ctenopharyngodon idella and 87 fry of common carp Cyprinus carpio were
examined for the parasites which may infect the fry and threaten their health and
survival. Random samples of fry were collected by using small hand net and
transferred to the laboratory of Parasites of Aquatic Animals; fry were kept
temporarily in a 20liter water tank for further examination.
Samples of mucus were scraped from the skin, fins and gills of freshly killed fry
and observed under a compound microscope. Some specimens of Apiosoma were
smeared on cover slips, fixed in saturated HgCl2 solution and stained with
Heidenhain or Ehrlich’s haematoxylin (Li et al., 2008). Then, the drawing of the
parasite was carried out with the aid of camera Lucida. All measurements were
taken in micrometers. Peritrichid parasites were identified according to Shulman
(1984).
Results
Under the compound microscope, a large numbers of A. doliaris were observed
on gills of the infected fishes and the prevalence of infection with this parasite was
69.8% in C. idella and 70.1% in C. carpio.
Description of the Parasite
Based on ten specimens, the detected ciliate is somewhat elongated, barrel-like
in shape and stalkless. Its body is gradually tapering from the equatorial region
towards ciliated peristomial disc and scopula, showing a certain flexibility and
some variations in form and size (Fig. 1).
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Figure 1: Apiosoma doliaris. cv, contractile vacuole; fv, food vacuole; man, macronucleus;
min, micronucleus; pc, peristomial cilia; pd, peristomial disc; sc, scopula.

The measurements of fixed specimens ranged from 31.4 to 43.9 (38.3) μm in
length and from 21.1 to 27.7 (24.2) μm in width. The body was divided by
unciliated groove into two distinct portions: the oral portion which measuring 17.525.1 (21.4) μm in length and a basal portion measuring 13.9-18.8 (16.2) μm in
length. The infundibulum extended towards the non-ciliated groove. The contractile
and food vacuoles were usually distributed in the oral portion, whereas, the rounded
macronucleus was situated below the groove in the basal portion and measuring
14.1-16.8 (15.1) μm in length and 13.7-15.5 (14.2) μm in width. Micronucleus was
also rounded in shape and situated in the basal portion, adjacent to the
macronucleus and measuring 1.5-2.3 (1.9) μm in diameter. The scopula is the
holdfast organelle with its curved borders firmly attached to the host surface. It was
broad, sucker-like disc with an undulant margin measuring 14.2-15.1 (14.6) μm in
width.
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Discussion
Li et al. (2008) mentioned that the shape, size and positions of the nuclei are the
most constant and important features to the specific identification of the genus
Apiosoma. Also, they considered the body form and size of the living specimens of
these ciliates crucial and necessary for specific identification besides 12
morphometric parameters; the body length and width, macronucleus length and
width, micronucleus length and width, stalk length and width, diameter of
peristome disc and transverse ciliary band, distance between peristome disc and
macronucleus and transverse ciliary band.
In general, A. doliaris of the present investigation was closely similar to A.
amoebae in its shape, but it distinctly defers from it in tapering mode, as the later
species was gradually tapering from the tip of the body to the scopula while A.
doliaris was gradually tapering just from the equatorial region towards the ciliated
peristomial disc and scopula. In addition, A. amoebae has sometimes a ciliated
equatorial girdle, whereas A. doliaris always has unciliated groove.
The present specimen of A. doliaris is closely resembling Shulman’s (1984)
specimens in its shape and measurements. Also, the present specimen appears a
close similarity to El-Tantawy et al. (2013) specimens but its size was somewhat
larger than the later one.
In Iraq, only nine species of the genus Apiosoma were previously recorded
(Mhaisen, 2021). So, the present finding of A. doliaris represent the first record of
this species and the tenth record of the genus Apiosoma infecting gills of the
freshwater fishes in Iraq.
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