Online ISSN:.-_z'ss_sﬁssgg;‘

Jourgal of ilf'% Journal of

Wildlife and Biodiversity

'4_-_..' BIOD

Volume 7 (4): 49-62 (2023) (http://www.wildlife-biodiversity.com/) Short Communication

Morphological and molecular characterization of
Solostamenides  mugilis  (Vogt, 1879) (Monogenea:
Microcotylidae) parasitizing long spine Scraper Fish,
Capoeta trutta

Maysoon O. Nasraddin 12 *, Samir J. Bilal*

!Department of Biology, College of Education, Salahaddin University-Erbil, Erbil, Kurdistan Region-Iraq
2Department of Medical laboratory technology, Koya Technical Institute, Erbil Polytechnic University,
Erbil, Kurdistan Region-Iraqg

*Email: maysoon.nasraddin@epu.edu.iq

Received: 30 March 2023// Revised: 18 June 2023 / Accepted: 5 July 2023/ Published online: 14 July 2023. Ministry of Sciences,
Research, and Technology, Arak University, Iran.

How to cite: Nasraddin, M.O., Bilal, S. (2023). Morphological and molecular characterization of Solostamenides mugilis (Vogt, 1879)
(Monogenea: Microcotylidae) parasitizing long spine Scraper Fish, Capoeta trutta, Journal of Wildlife and Biodiversity, 7(4), 49-62. DOI:
https://doi.org/10.5281/zen0d0.8147652

Abstract

This study aimed to investigate the morphometric and molecular characterizations of
Solostamenides Mugilis in Capoeta trutta in Irag. Capoeta trutta was captured from Lesser Zab
River, Erbil Province, Kurdistan Region, Irag. The specimens were studied morphologically with
a dissecting microscope, with fixation in 5% formaldehyde. For molecular analysis specimens
were preserved in absolute ethanol. Following DNA extraction, the region of 28S rRNA was
amplified by Polymerase Chain Reaction (PCR), and the order of the nucleotides was determined
by the genetic analyzer. Morphological properties, as well as DNA analyses of collected
specimens, showed that the collected specimens belong to Microcotylidae, namely
Solostamenides mugilis, with the prevalence of infection and mean intensity (9.37% and 4.1)
respectively. During this examination, the monogenetic species S. mugilis was documented on
the cyprinid fish (Capoeta trutta) as the first occurrence in lIrag. Therefore, C. trutta is regarded
as a new host for this genus within the Cyprinid family.

Keywords: Capoeta trutta, Cyprinidae, 28S rRNA, Microcotylidae, Solostamenides


http://www.wildlife-biodiversity.com/
mailto:maysoon.nasraddin@epu.edu.iq

50 | Journal of Wildlife and Biodiversity 7(4): 49-62 (2023)

Introduction
The most widespread and diverse freshwater fish family is Cyprinidae. There are 1727 species in

this family. It comprises approximately 8.5% of all fish species in the world and lives naturally
in all kinds of habitats. The most numerous species in Irag's freshwaters belong to this family,
where native fish make up 72% of the total fish populations (Coad, 2010; Fricke et al., 2018).
The investigation of fish parasites is necessary to enhance the stocks of important commercial
fisheries in natural waters, in order to raise pond fish farms' productivity, and enhance the chances
of fish adaptability in new locations (Al-Jawda, 2020; Shulman, 1961). The majority of
monogeneans (Platyhelminthes) are monoxenous ectoparasites of fishes that are host-specific
(Ono et al., 2020; Whittington, 1998). They are the most common freshwater fish gill parasites
in the world (Woo et al., 2006).

Microcotylidae Taschenberg, 1879 is one of the most controversial families within
Monogenoidea Bychowsky, 1937, in which several genera and subgenera have been erected (fifty
genera and more than 160 species). It has gotten a lot of attention. Yet, the specific structure and
position of numerous genera remain uncertain (Bouguerche et al., 2019, Mamaev, 1986).
Solostamenides is a genus within Microcotylidae, that was described and named by Unnithan in
the light of the following features: Its penis has spines that resemble hooks, whereas the atrial
margin is muscular and armless with one vaginal pore located mid-dorsally (Unnithan, 1971).
Identification of monogeneans needs rigorous morphological analysis and taxonomic competence
as in other helminths (Brooks, 2000).

Although traditional morphology-based approaches are still often used to classify species, they
have some limitations. Furthermore, the use of molecular markers, despite their increasing
popularity, appears to be not entirely error-free (Patwardhan et al., 2014). But in recent times,
molecular analysis has been used in combination with morphological descriptions, enabling
researchers to explain species status (Verma et al., 2018). Identifying and characterization of
microorganisms in environmental samples could be a valuable interest to study their effect.
Molecular characterization can assist to detect biodiversity of different species (Sulieman et al.,
2022). In some cases, it is of vital importance to explore effective methods such as molecular
approach for characterization and early diagnoses of some species (Ma et al., 2022).

In fact, over the past ten years, molecular tools have been used in the detection of Microcotyle

species (Syn: Solostamenides) (Ayadi et al., 2017), even when only a few DNA have been
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sequenced so far (Mufioz, 2019). During this examination, the monogenetic species S. mugilis
was documented on the cyprinid fish (Capoeta trutta) as the first occurrence in lIrag, so the
objectives of the current article are to study the morphometric and molecular characterizations of
Solostamenides Mugilis in Capoeta trutta in Irag, and to show the importance of fish monogenean

is directly related to the importance of the fishes.

Material and methods
Lesser Zab river is the largest branch of the Tigris River (400 km). It is located between 34°-36°

North latitude and 43 °-46 °© East longitudes (Fig. 1) (Abdullah, 2015). In the present study, 64
specimens of Capoeta trutta (longspine scraper) were caught from the Lesser Zab River in Tagtaq
District by local fishermen using gill nets twice a month. Taxonomic descriptors were used to
assess the fish's species composition according to Froese (Froese, 2021). Fish’s gills were
checked for parasites under a dissecting microscope. After counting live worms, each worm was
fixed and stored in 70% alcohol and placed in ammonium picrate-glycerin or glycerin jelly. After

that, Olympus BX53 microscope was used to study the parasites.

Figure 1. A- Map of Irag showing Kurdistan Region. B- Map of Erbil Province showing Taqgtaq
district, C- Google satellite Map of Tagtaq district showing Lesser Zab River (location of sampling
area), D- Photograph showing sampling area
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Some preserved specimens were treated with essential oils, stained with acetic carmine, parched
in graduated ethanol serial (70, 96, and 100%), and mounted in Canada balsam to investigate the
morphology of the genital atrial and attachment organs (Al-Helli et al., 2019, Palm, 2004). The
mean intensity and prevalence of the parasites were measured according to (Bush et al., 1997
Mufioz, 2019). After microscopic inspection, molecular analysis was carried out utilizing 28S
rRNA as a gene marker.

The DNA was extracted according to Whittington (1998). Genomic using a DNA extraction kit
(GeNet Bio, KOREA) and following the manufacturer's instructions with minor modification.
The polymerase chain reaction (PCR) was used to amplify a region of 28S rDNA. Using universal
primers Cl (F=5 ACCCGCTGAATTTAAGCA 3) and C3
(R=CTCTTCAGAGTACTTTTCAAC). (Mollaret et al., 2000).

PCR reaction and conditions were performed using MJ Research, Applied Biosystem (AB)
thermal cycler. 50 puL reaction mixture was prepared in PCR tubes containing 2.5 uL. of DNA
templates, 25 uL of OnePCRTM master mix (Genedirex, Korea), 1 uL of each primer and 20.5
uL of double deionized water (ddH20). Cycling conditions included initial denaturation at 94°C
for 5 min, 35 cycles of denaturation at 94°C for 45 s, annealing at 51°C for 45 s and extension at
72°C for 45 s, and final extension at 72°C for 5 min. Agarose gel electrophoresis was employed
to check the efficiency of PCR reactions. The samples were prepared and run in 2% gel of agarose
then stained with SYBR green that makes the DNA visible under UV light. The ABI 3130X
nucleotide sequence analyzer (SINGAPORE) was used to find nucleotides order of 28S rDNA
from the specimens. The PCR fragments of the specimens were excised from the agarose gel and
used as a source of DNA template for sequence specific PCR amplification (Quiazon et al., 2008).
PCR-amplified 28S rDNA gene specimens were automatically sequenced using Applied Bio-
systems (Genedirex, Korea), then sequences of the helminthes was deposited to GeneBank (AF
131722.1).

Results and discussion
In the present study, Solostamenides mugilis (Syn: Microcotyle mugilis), a microcotylid

monogenean, was described (Fig 2 and Fig 3). Prevalence and mean intensity were reported as
9.37% and 4.1, respectively, on the gill filaments of Capoeta trutta from the Lesser Zab River
near to Taqtaq District. The description is based on six specimens (stained and unstained). The

body was fusiform and elongated, the total length was 9,000 (8,000-10,000), and widest point on
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ovary level was 1,250 (1,000-1,500). Clamps set in two rows ranging from 60 to 80, with typical
Microcotyle-type. The size of clamp was 52 x 67 (50 x 60) — (55 x 75) with the largest at the
haptor's center. The diameter of buccal organs was 65 to 70 of buccal sucker. The size of pharynx
oval was 50-75. The esophagus was long and wide with obvious diverticula, and the gut was
divided at the level of vaginal atrium. Testes were relatively large, numbering between 85 and
100, following ovarian, which were interracial in the dorsal portion of the body. The vas deferens

was prominent and coils anteriorly in the midline.

C A

Figure 2. Camera Lucida drawings of Solostamenides mugilis from Capoeta trutta: A- Whole
mount B- Clamps C-Haptor D-Egg. Abbreviations- c: clamp, e: egg, es: esophagus, g: genital
atrium, i: intestinal caecum, o: ovary, p: pharynx, s: sucker, t: testis, v: vetillaria. (Scale bar: A= 2.1
mm, B=67 um, C= 381 um, and D=142.9 um.)
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The ovary was in the shape of a question mark located in front of the testicles. The right ovarian
lobe gives rise to ovarian canal. Uterus extends cranially and medially toward the gonopore.
Vaginal hole located after genital atrium. Mehlis gland was visible. Vitellara had great number
of follicles close to the intestinal branches and extended from the intestinal fork to the haptor.
The vitello-vaginal storage was formed just at levels of the ovaries by the expansion and medial
extension of the vitelline channels. The egg was oval in shape, 120 to 225 in length and with short

filament. Gonopores enter the vaginal chamber in ventral side to the intestinal fork.
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Figure 3. Photomicrograph of Solostamenides mugilis from Capoeta trutta: A: Larval stage (10X),

B: Adult stage (10X), C: Clamps (40X) , D: Egg (40X)

The current specimen’ measurements and descriptions matched with the other described specimen
of same species from Mugil cephalus in Mediterranean (Euzet et al., 1993, Euzet and Combes,
1969). Furthermore, this description corresponded with another study, that was reported from
Siganus rivulatus in AL-Sinn fish farm, Syria (Layka, 2018).

After molecular analysis of the specimens, we showed that the sequence of 28S rDNA of
monogenean specimens was made of 326 bp (the amplified fragment was 352bp). After
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sequencing, 26 missing nucleotides (related to quality of sequencing analysis) were removed,
then the sequence was processed through BLAST and then compare with other sequences of
Solostaminedes species in the Gene bank database. The BLAST findings showed that its query
sequence was remarkably similar to S. mugillis with more than 98% as (Fig. 4). To date, the genus
Solostamenides reportedly contains five designated species: Solostamenides mugilis (Vogt, 1879)
(Unnithan, 1971); Solostamenides pseudomugilis (Hargis, 1957) (Unnithan, 1971);
Solostamenides platyorchis (Zhang and Yang (2001); S. paucitesticulatus (Kritsky and Oktener,
2015) and Solostamenides iragensis (Al-Nasiri and Babuelna, 2018).

Solostamenides mugilis was originally identified by Vogt (1878) as Microcotyle mugilis on Mugil
cephalus. Afterward Euzet et al. (1969) re-described the species and after all, Unnithan (1971)
renamed it to Solostamenides mugilis which was chosen by the author to be the genus' type species
(Euzet, et al. 1969; Unnithan, 1971).

Unnithan in 1971 also renamed Microcotyle pseudomugilis to Solostamenides pseudomugilis that
was initially recognized by Hargis (1956) in the west of the Atlantic in M. cephalus (Woo et al.,
2006). Subsequently, in 1991, the species was redescribed by Williams from the same host species
in west of Australia (Williams, 1991). Afterwards, Zhang and Yang (2001) identified S.
platyorchis in M. cephalus in south of China and assigned it to Solostamenides because it had
spines on the copulatory organ. In addition, Kritsky and Oktener (2015) reported S.
paucitesticulatus in 2015 as new species by noticing the spines on its copulatory organ. Thus, it
appears that occurrence of spines on copulatory organ is a critical characteristic for distinguishing
Solostamenides spp. (Bouguerche et al., 2019; Unnithan, 1971). Recently, the fifth species of
Solostamenides was recorded as S. iragensis by Al-Nasiri and Babuelna in 2018 (Al-Helli et al.,
2019; Al-Nasiri and Balbuena, 2018).

According to the authors, the last two species S. paucitesticulatus and S. iragensis are identical
in several features like: body length, clamps number, number of spines in the male copulatory
organ (MCO), and egg size. However they provided some characteristics to distinguish these
species “(that have already been described from the same host, Pallniza abu)” such as the presence
or lack of muscle bands in its oral sucker, diameter of testicular, MCO spine length, the nature of
egg filaments, and clamp's shape in the median part (X or Y- like) (Al-Nasiri and Balbuena, 2018;
Kritsky and Oktener, 2015). But all of the above mentioned features variable even within the

same species may be related to intraspecific variances in fixation and staining techniques and in
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these cases they lake taxonomic importance. In addition of above statements, there is a fact that
both species were investigated from the same fish host and shared a similar geographic
distribution (Mesopotamia, Turkey and Iraq). All above states led the authors to assume that S.
iragensis was a synonym of S. paucitesticulatus (Al-Helli et al., 2019), due to the strong host
specificity of monogenean species and the common knowledge that each species of
Solostamenides only infects one kind of host (Kritsky, Oktener, 2015). This argument that
mentioned above supports the results of the present investigation.

Both species of S. mugilis (Vogt, 1878), and S. pseudomugilis (Hargis, 1956) were originally
identified on Mugil cephalus. These two species were distinguished by Hargis (1956) depended
on location of the spines copulatory organ, which were found in vaginal atrium instead of a
"cirrus.”. According to Hargis, S. pseudomugilis might a synonymous of S. mugilis of Parona,
Perugia (1890) based on the same distinction (Hargis, 1956; Unnithan, 1971). However, Sproston
(1946) believed that the genital armament described by Parona, Perugia (1890) and Vogt (1878)
were the same (Sproston, 1946). As a result, there has been misunderstanding concerned the
classification of the two species that make up the genus (Jianyin and Tingbao, 2001), and it also
supporting our finding in the host-specificity of Monogenoides.

By recording S. mugilis in this survey, three species of Solostamenides have been identified from
two kinds of fish in Iraq (Al-Helli et al., 2019; Al-Nasiri and Balbuena, 2018). Among those, only
these species was noted in the Kurdistan Region on gills of cyprinid fish. Solostamenides mugilis
resembles other species morphologically, but differs from them in having more testes, the
arrangement of the rows of the testes, the form of each testis, the number of haptorial clamps
(more Clamps), the number of spines, number of copulatory organ, and other characteristics as
table 1 (Al-Nasiri and Balbuena; 2018, Jianyin and Tingbao, 2001).

Solostamenides mugilis (syn. Microcotyle mugilis), has been identified in a number of mugilid
species from a variety of geographical localities, includes: Syria, Turkey, France, Italy, Greece,
and Tunisia (Caillot et al., 1999; Derbel et al., 2022; Layka and Bardrn, 2018; Merella and
Garippa, 2001; Ragias et al., 2005; Sezen and Price, 1967) respectively. Based on the fish habitats,
studies that revealed S. mugilis infections from fishes may be divided into two main types. Reports
on S. mugilis of marine fishes included those from marine Aquaculture waters (AL-Sinn fish
farm) in Syria, Italian marine fish, Sarikum Lagoon Lake and Black Sea coast in Turkey, (Layka
and Bardrn, 2018; Ozer and Acar, 2022; Oztiirk, 2013; Strona et al., 2010) respectively.
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The parasite in fresh water fish was also investigated in several studies. Among them: (Caillot et
al., 1999; Oztiirk and Ozer, 2014; Ragias et al., 2005; Sezen and Price, 1967;Yemmen et al.,
2011). All previously described Solostamenides have been discovered from Mugilid family ,in
which three of them (S. mugilis, S. pseudomugilis, and S. platyorchis) in M. cephalus and two
others (S. paucitesticulatus and S. iragensis) being found in Palliniza abu (Al-Nasiri and
Balbuena, 2018; Hargis, 1956; Jianyin and Tingbao, 2001; Kritsky and Oktener, 2015; Unnithan,
1971).

& Download v GenBank Graphics

Microcotyle mugilis 28S ribosomal RNA, partial sequence
Sequence ID: AF131722.1 Length: 357 Number of Matches: 1

Range 1: 28 to 352 GenBank Graphics

Score Expect Identities Gaps Strand
573 bits(310) 5e-159 321/326(98%) 1/326(0%) Plus/Plus

Query 2 ACTAACCAGGATTCCCTTAGTAACGGCGAGTGAACAGGGATTAGCCCAGCACCGAAGTCT 61

CLLLCLLEELELLEE LR LR LR L EL L] L]
Sbjct 28  ACTAACCAGGATTCCCTTAGTAACGGCGAGTGAACAGGGATTAGCCCAGCACCGAAGTCT 87

Query 62  GCGTCCATTTGGCCGTTCGACAATGTGGTGTTTAGGTTGGCGTTTTTAAGTGTTGCTCTG 121
LELLEE CERERLEELREEREEt e En ey CEERRL LR Eeereny 1inil |

Sbjct 88  GCGTCCGTTTGGCCGTTCGACAATGTGGTGTTCAGGTTGGCGTTTTTAAGTCTTGCTCCG 147
Query 122 TTTAAAGTCCATTCTTGAATATGGCTATTAGTTTGGCCCAGAGAGGGTGARAGGCCCGTG 181
IIIIIIIIIlIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIlIIIIIIIIIIIIII
Sbjct 148 TTTAAAGTCCATTCTTGAATATGGCTATTAGTTTGGCCCAGAGAGGGTGARAGGCCCGTG 207
Query 182 TGGATGGAGCGATGCTTGACTGCGTTAACTATGGAGTCGGGTTGTTTGAGAATGCAGCCC 241
LELCLLLCELEEEEET TR E LR L PR LR e e e e il il
Sbjct 208 TGGATGGAGCGATGCTTGACTGCGTTAACTATGGAGTCGGGTTGTTTGAGAATGCAGCCC 267
Query 242 AAAGTTGGTGGTAAACTCCATCTAAGGCTAAATACTGGCACGAGTCCGATAGCGAACAAG 301
IIIIIlIIllII||Il||||IIIIIII||III|IIIIIIIIIIIIIIIIIIIIIIIIIH
Sbjct 268 GTTGGTGGTAAACTCCATCTAAGGCTAAATACTGGCACGAGTCCGATAGCGAACAAG 327
Query 302 TACCGTGAGGGAAAGTTTGAAAAGTA 327

LOCEERLLLLEETEERE THEELLT
Sbjct 328 TACCGTGAGGGAAAGTT-GAAAAGTA 352

Figure 4. Alignment of the 28rDNA sequence in pairs for Solostamenides mugilis, query sequence
and Shjct in the GenBank sequence.

The present investigation reveals additional species of the genus in fresh water habitats in Irag. It
also added another host of the genus, and it shows that Solostamenides spp. may have some degree
of host specificity. It is correct to state that the discovery of Solostamenides species in cyprinid
hosts in the current study was regarded as an unexpected discovery since this genus generally

parasitizes mugilid family. And according to the previous study the genus has not additional host
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(El Hafidi et al., 1998; Layka and Bardrn, 2018; Oztirk and Ozer, 2014; Radujkovic, 1982;
Ragias et al., 2005; Yemmen et al., 2011). Thus, the new host of the genus was introduced within
cyprinid family by the current investigation.

Due to the morphological uniformity of the species, the morphological identification of
Solostamenides species is not simple and not striated forward (Lablack et al., 2022). As a result,
more dependable techniques, such as molecular analysis, are required to identify species that
belong to the genus Solostaminedes (Ozer and Acar, 2022). S. mugillis would be easily recognized
from the other species of its genus at the molecular level.

In the present study by universal primers, the primary sequence analysis of the examined
specimens demonstrated that the monogenean from northern Iraq corresponds to a species S.
mugillis. I1ts rDNA corresponds with the identical DNA sequence fragment marker that is found
at the GeneBank in the National Center for Biotechnology Information (NCBI) (AF 131722.1).
During this examination, the monogenetic species S. mugilis was documented on the cyprinid fish
(Capoeta trutta) as the first occurrence in Irag. It also shows that Solostamenides spp. may have
some degree of host specificity. The morphological characters and DNA sequence-based
examination of the specimens allowed for the identification of S. mugillis. We might learn more
about the range and specificity of these monogeneans also find other species of the genus by
conducting more studies of fish hosts in fresh, brackish, and marine waters in diverse

geographical areas.

References

Abdullah, S. M., & Nasraddin, M. O. (2015). Monogenean infections on some fishes from Lesser Zab
river, Kurdistan region, Irag. Amer. J. Biol. Life Sci, 3(5), 161-167.

Al-Helli, A. M., Ali, A. H., & Resen, A. K. (2019). First record of Solostamenides paucitesticulatus
Kritsky, Oktener, 2015 (Monogenoidea, Microcotylidae) from gills of abu mullet Planiliza abu
(Heckel, 1843) from Euphrates river of Samawa city, southern Irag. Bulletin of the Iraq Natural
History =~ Museum  (P-ISSN:  1017-8678, E-ISSN:  2311-9799), 15(3), 237-245.
https://doi.org/10.26842/binhm.7.2019.15.3.0237.

Al-Jawda, J. M., & Ali, M. H. (2020). Monogeneans and trematodes of some fishes from Lake Hamrin in
Diyala Province, Iraq. Basrah Journal of Agricultural Sciences, 33(2), 218-228.
https://doi.org/10.37077/25200860.2020.33.2.19.

Al-Nasiri, F. S., & Balbuena, J, A. (2018). Solostamenides iragensis n. sp.(Monogenoidea,
Microcotylidae) parasitizing the freshwater mullet Liza abu (Pisces, Mugilidae) from the Tigris River
in Irag. Vie et Milieu, 68(4), 245-251.

Ayadi, Z. E., Gey, D., Justine, J. L., & Tazerouti, F. (2017). A new species of Microcotyle (monogenea:
Microcotylidae) from Scorpaena notata (Teleostei: Scorpaenidae) in the Mediterranean Sea.
Parasitology International, 66(2), 37—42. https://doi.org/10.1016/j.parint.2016.11.004.

Bouguerche, C., Gey, D., Justine, J. L., & Tazerouti, F. (2019). Microcotyle visa n. sp.(Monogenea:



https://www.iasj.net/iasj/download/46de42f9296b26b1
https://www.iasj.net/iasj/download/11de2102fcd84e2b
https://doi.org/10.1016/j.parint.2016.11.004

60 | Journal of Wildlife and Biodiversity 7(4): 49-62 (2023)

Microcotylidae), a gill parasite of Pagrus caeruleostictus (Valenciennes)(Teleostei: Sparidae) off the
Algerian  coast,  Western Mediterranean.  Syst. Parasitol,  96(2), 131-147.
https://doi.org/10.1007/s11230-019-09842-2.

Brooks, D. R. (2000). Parasite systematics in the 21st century: opportunities and obstacles. Memarias do
Instituto Oswaldo Cruz, 95, 99-107. https://doi.org/10.1590/S0074-02762000000700018.

Bush, A. O., Lafferty, K. D., Lotz, J. M., & Shostak, A. W. (1997). Parasitology meets ecology on its own
terms: Margolis et al. revisited. The Journal of parasitology, 83 (4), 575-583.
https://doi.org/10.2307/3284227.

Caillot, C., Morand, S., Muller-Graf, C. M., Faliex, E., & Marchand, B. (1999). Parasites of Dicentrarchus
labrax, Anguilla anguilla, and Mugil cephalus from a pond in Corsica, France. Journal of the
helminthological society of Washington, 66(1), 95-98.

Coad, B. W. (2010). Freshwater fishes of Iraq. Pensoft.

Derbel, H., Chaari, M., & Neifar, L. (2022). Checklist of the Monogenea (Platyhelminthes) parasitic in
Tunisian aquatic vertebrates. Helminthologia, 59(2), 179-199. https://doi.org/10.2478/helm-2022-
0012.

Euzet, L., & Combes, C. (1969). Contribution a 1’etude des Microcotylidae (Monogenea), parasites de
Mugil cephalus L.(Teleostei). Parazitol, Sb 24, 91-105.

Euzet, L., Combes, C., & Caro, C. (1993). A checklist of Monogenea of Mediterranean fish. InSecond
International Symposium on Monogenea, Montpellier/Séte, (pp. 5-8).

Fricke, R., Eschmeyer, W. N., Laan, R. & Van der. (2018). Catalog of fishes: genera, species, references.
Calif. Acad. Sci. San Fr. CA, USA  http//researcharchive.  calacademy.
org/research/ichthyology/catalog/fishcatmain. asp.

Froese, R., & Pauly, D. (2021). World Wide Web electronic publication; 2017. Fishbase. Version
(02/2015) http://www. fishbase. org Available from. accessed January.

Hafidi, F. El., Berrada-Rkhami, O., Benazzou, T., & Gabrion, C. (1998). Microhabitat distribution and
coexistence of Microcotylidae (Monogenea) on the gills of the striped mullet Mugil cephalus: chance
or competition?. Parasitology Research, 84, 315-320. https://doi.org/10.1007/s004360050402

Hargis, W. J. (1956). Monogenetic trematodes of Gulf of Mexico fishes. Part X. The family
Microcotylidae Taschenberg, 1879. Transactions of the American Microscopical Society, 75(4),
436-453. https://doi.org/10.2307/3223616

Jianyin, Z., & Tingbao, Y. 2001. Monogenea of Chinese marine fishes. XIV. Two new species of
Microcotylidae from fishes of the South China Sea. Systematic Parasitology, 48(1), 67-73.
https://doi.org/10.1023/A:1026528408343

Kritsky, D. C., & Oktener, A. (2015). Solostamenides paucitesticulatus n. sp.(Monogenoidea:
Mazocraeidea: Microcotylidae) from the freshwater mullet Liza abu (Heckel)(Mugiliformes:
Mugilidae) from Atatirk Reservoir on the Euphrates River in southern Turkey. Systematic
Parasitology, 91, 139-145. https://doi.org/10.1007/s11230-015-9562-3

Lablack, L., Rima, M., Georgieva, S., Marzoug, D., & Kostadinova, A. (2022). Novel molecular data for
monogenean parasites of sparid fishes in the Mediterranean and a molecular phylogeny of the
Microcotylidae Taschenberg, 1879. Current Research in Parasitology & Vector-Borne Diseases, 2,
p.100069. https://doi.org/10.1016/j.crpvbd.2021.100069

Layka, T., & Bardrn, M. (2018). First report of monogenea parasite Microcotyle mugilis nfecting cultured
siganus rivulatus in AL-Sinn fishfarm. Al-Baath University J, 4(3), 111-133.

Ma, M., Wang, W., Wang, B., Yang, Y., Huang, Y., Zhao, G., & Ye, L. (2022). The prognostic value of
N6-methyladenosine RBM15 regulators in lung adenocarcinoma. Cellular and Molecular Biology,
68(1), 130-139. https://doi.org/10.14715/cmb/2022.68.1.17

Mamaev, Y. L. (1986). The taxonomical composition of the family Microcotylidae Taschenberg, 1879
(Monogenea). Folia Parasitologica. 33(3), 199-206.

Merella, P., & Garippa, G. (2001). Metazoan parasites of grey mullets (Teleostea: Mugilidae) from the
Mistras Lagoon (Sardinia-western Mediterranean). Scientia Marina. 65(3), 201-206.
https://doi.org/10.3989/scimar.2001.65n3201



https://link.springer.com/article/10.1007/s11230-019-09842-2#citeas
https://doi.org/10.1590/S0074-02762000000700018
https://www.jstor.org/stable/3284227
https://doi.org/10.2478/helm-2022-0012
https://doi.org/10.2478/helm-2022-0012
https://link.springer.com/article/10.1007/s004360050402#citeas
https://www.jstor.org/stable/3223616
https://link.springer.com/article/10.1023/A:1026528408343#citeas
https://link.springer.com/article/10.1007/s11230-015-9562-3#citeas
https://doi.org/10.1016/j.crpvbd.2021.100069
http://cellmolbiol.org/index.php/CMB/article/view/4208
https://doi.org/10.3989/scimar.2001.65n3201

61 | Journal of Wildlife and Biodiversity 7(4): 49-62 (2023)

Mollaret, 1., Jamieson, B. G. M., & Justine, J. L. (2000). Phylogeny of the Monopisthocotylea and
Polyopisthocotylea (Platyhelminthes) inferred from 28S rDNA sequences. International Journal for
Parasitology. 30(2), 171-185. https://doi.org/10.1016/S0020-7519(99)00197-6

Mufioz, G., & George-Nascimento, M. (2019). Two new species of Microcotyle (Monogenea:
Microcotylidae) on intertidal fish from the south Pacific coast. Revista de biologia marina y
oceanografia, 54(3), 283-296. https://doi.org/10.22370/rbm0.2019.54.3.2015

Ono, N., Matsumoto, R., Nitta, M., & Kamio, Y. (2020). Taxonomic revision of Microcotyle caudata
Goto, 1894 parasitic on gills of sebastids (Scorpaeniformes: Sebastidae), with a description of
Microcotyle kasago n. sp.(Monogenea: Microcotylidae) from off Japan. Systematic Parasitology.
97(5), 501-516. https://doi.org/10.1007/s11230-020-09925-5

Ozer, A., & Acar, G. (2022). Influence of the seasonal and host related factors on the metazoan parasites
of Chelon saliens (Mugilidae) in the Turkish coast of the Black Sea. Annals of Parasitology, 68(2),
353-365. https://doi.org/10.17420/ap6802.441

Oztiirk, T. (2013). Parasites of juvenile golden grey mullet Liza aurata Risso, 1810 in Sarikum Lagoon
Lake at Sinop, Turkey. Acta parasitologica, 58(4), 531-540. https://doi.org/10.2478/s11686-013-
0173-3

Oztiirk, T., & Ozer, A. (2014). Monogenean fish parasites, their host preferences and seasonal distributions
in the Lower Kizilirmak Delta (Turkey). Turkish Journal of Fisheries and Aquatic Sciences, 14(2),
367-378.

Palm, H. W. (2004). The trypanorhyncha diesing, 1863. PKSPL-IPB.

Patwardhan, A., Ray, S., & Roy, A. (2014). Molecular markers in phylogenetic studies-a review. Journal
of Phylogenetics & Evolutionary Biology, 2(2), 131. https://doi.org/10.4172/2329-9002.1000131

Quiazon, K. M. A., Yoshinaga, T., Ogawa, K., & Yukami, R. (2008). Morphological differences between
larvae and in vitro-cultured adults of Anisakis simplex (sensu stricto) and Anisakis pegreffii
(Nematoda: Anisakidae). Parasitology International, 57(4), 483-489.
https://doi.org/10.1016/j.parint.2008.06.003

Radujkovic, B. (1982). Parasitofaune de muges de 1’ Adriatique (Chelon labrosus Risso, Liza aurata Risso,
Liza saliens Risso) et son influence sur la condition des hétes. Rapport de la Commission
Internationale sur le Méditerranée, 28, 1-10.

Ragias, V., Athanassopoulou, F., & Sinis, A. (2005). Parasites of Mugilidae spp. reared under semi-
intensive and intensive conditions in Greece. Bulletin of the European Association of Fish
Pathologists, 25(3), 107-113.

Sezen, Y., & Price, C. E. (1967). The parasites of Turkish fishes Part I. Redescriptions of two monogenetic
trematodes from marine fishes. Istanb. Univ. Fen. Fak. Mecm, 32(1/2), 59-66.

Shulman, S. (1961). Specificity of fishes parasites. Parasitology of fishes. Leningrad: University Press.

Sproston, N. G. (1946). A synopsis of the monogenetic trematodes. Transactions of the Zoological Society
of London, 25(4), 185-600.

Strona, G., Stefani, F., & Galli, P. (2010). Monogenoidean parasites of Italian marine fish: An updated
checkilist. Italian Journal of Zoology, 77(4), 419-437. https://doi.org/10.1080/11250001003614841

Sulieman, A. M., Idris, A. I., Alshammari, N, Alanazi, N., Al-Azmi, M., Hamadou, W., Albadri, G., &
Khamisabadi, H. (2022). The “Molecular Biodiversity of Bacteria Isolated from Medicago sativa
Rhizosphere in Hail District, Saudi Arabia: Molecular Biodiversity of Medicago sativa associated
Bacteria. Cellular and Molecular Biology, 68(2), 1-7. https://doi.org/10.14715/cmb/2022.68.2.1

Unnithan, R. V. (1971). On the functional morphology of a new fauna of Monogenoidea on fishes from
Trivandrum and environs. Part IV. Microcotylidae sensu stricto and its repartition into subsidiary
taxa. American Midland Naturalist, 85(2), 366—398. https://doi.org/10.2307/2423763

Verma, A. K., Verma, J., & Agrawal, N. (2018). Redescription and new host record of Diplostamenides
sciaenae (Monogenea, Microcotylidae) and its phylogenetic status using molecular markers. Vestnik
Zoologii, 52(1), 37-46. https://doi.org/10.2478/vz00-2018-0005

Woo, S. B., Hellstein, J.W., & Kalmar J. R. (2006). Systematic review: bisphosphonates and osteonecrosis
of the jaws. Ann. Intern. Med, 144(10), 753-761. https://doi.org/10.7326/0003-4819-144-10-



https://doi.org/10.1016/S0020-7519(99)00197-6
http://panambi.uv.cl/index.php/rbmo/article/view/2015
https://link.springer.com/article/10.1007/s11230-020-09925-5#citeas
https://www.researchgate.net/profile/Ahmet-Ozer-3/publication/361634053_Ozer_and_Acar_2022_Influence_of_the_seasonal_and_host_related_factors_on_the_metazoan_parasites_of_Chelon_saliens_Mugilidae_in_the_Turkish_coast_of_the_Black_Sea/links/62bd4aff60e77b7db83ef677/Oezer-and-Acar-2022-Influence-of-the-seasonal-and-host-related-factors-on-the-metazoan-parasites-of-Chelon-saliens-Mugilidae-in-the-Turkish-coast-of-the-Black-Sea.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail
https://doi.org/10.2478/s11686-013-0173-3
https://doi.org/10.2478/s11686-013-0173-3
https://www.researchgate.net/profile/Arvind-Singh-21/post/What_is_importance_of_18S_rRNA_and_16_S_rRNA_in_term_of_phylogeny_studies/attachment/59d63e2279197b807799acca/AS%3A422740659314689%401477800635578/download/5.pdf
https://doi.org/10.1016/j.parint.2008.06.003
https://www.tandfonline.com/doi/full/10.1080/11250001003614841
http://cellmolbiol.org/index.php/CMB/article/view/4295
https://www.jstor.org/stable/2423763
https://www.researchgate.net/profile/Jyoti-Verma-14/publication/324861756_Redescription_and_New_Host_Record_of_Diplostamenides_Sciaenae_Monogenea_Microcotylidae_and_Its_Phylogenetic_Status_Using_Molecular_Markers/links/5aeb35040f7e9b837d3c90c9/Redescription-and-New-Host-Record-of-Diplostamenides-Sciaenae-Monogenea-Microcotylidae-and-Its-Phylogenetic-Status-Using-Molecular-Markers.pdf
https://doi.org/10.7326/0003-4819-144-10-200605160-00009

62 | Journal of Wildlife and Biodiversity 7(4): 49-62 (2023)

200605160-00009

Whittington, 1. D. (1998). Diversity “down under”: monogeneans in the Antipodes (Australia) with a
prediction of monogenean biodiversity worldwide. International Journal for Parasitology, 28(10),
1481-1493. https://doi.org/10.1016/S0020-7519(98)00064-2

Williams, A. (1991). Monogeneans of the families Microcotylidae Taschenberg, 1879 and Heteraxinidae
Price, 1962 from Western Australia, including the description of Polylabris sandarsae n.
sp.(Microcotylidae). Systematic Parasitology, 18(1), 17-43. https://doi.org/10.1007/BF00012221

Yemmen, C., Ktari, M. H., & Bahri, S. (2011). Parasitofauna of some mugilid and soleid fish species from
Tunisian lagoons. Acta Adriatica: International Journal of Marine Sciences, 52(2), 173-181.



https://doi.org/10.7326/0003-4819-144-10-200605160-00009
https://doi.org/10.1016/S0020-7519(98)00064-2
https://link.springer.com/article/10.1007/bf00012221#citeas

