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Little information is available about the biodiversity of parasitic copepods in the Arabian Gulf. The pre-
sent study aimed to provide new information about different parasitic copepods gathered from
Parupeneus rubescens caught in the Arabian Gulf (Saudi Arabia). Copepods collected from the infected fish
were studied using light microscopy and scanning electron microscopy and then examined using stan-
dard staining and measuring techniques. Phylogenetic analyses were conducted based on the partial
28S rRNA gene sequences from other copepod species retrieved from GenBank. Two copepod species,
Hatschekia sargi Brian, 1902 and Hatschekia leptoscari Yamaguti, 1939, were identified as naturally
infected the gills of fish. Here we present a phylogenetic analysis of the recovered copepod species to con-
firm their taxonomic position in the Hatschekiidae family within Siphonostomatoida and suggest the
monophyletic origin this family. Sequencing the 28S rRNA gene query identified a close relationship of
the recovered Hatschekia species to Hatschekia japonica (gb| KR048858.1). This study identifies a new host
for Hatschekia species isolated from Saudi Arabia and performs the first molecular analysis of their 28S
rRNA genes.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Copepods, or ‘‘oar-footed”, are a group of very numerous and
polymorphic crustaceans that are distributed widely in almost all
aquatic habitats; they have different interactions with their hosts
(Mariniello, 2010) and can cause pathogenic effects resulting in
significant economic damage (Ramdane, 2009). Parasitic copepods
are usually found on the exterior surfaces of their hosts and are
embedded often in microhabitats such as gills, nostrils, mantle cav-
ities, and genital folds (Rosim et al., 2013); conversely, endopara-
sites copepods are present in the muscles, digestive tracts, and
body cavities of their hosts (Huys and Boxshall, 1991; Huys et al.,
2002; Ho et al., 2003). Copepoda was erected in 1840 by Milne
Edwards as a subclass of the Hexanauplia class in the Crustacea
subphylum. Khodami et al. (2019) described ten copepod orders
with three infraclasses (Progymnoplea Lang, 1948, Gymnoplea
Giesbrecht, 1882, and Podoplea Giesbrecht, 1882). The first infra-
class includes the order of Platycopioida Fosshagen and Iliffe,
1985, and the second comprises the order of Calanoida Sars,
1903, and the latter consists of the other eight orders.

Siphonostomatoida Burmeister, 1835 is a Podoplea order con-
taining approximately 75% of the parasitic copepods in fish within
39 families (Boxshall, 2013). Hatschekiidae Kabata, 1979 is a cope-
pod family of Siphonostomatoida and is most commonly dis-
tributed in tropical and subtropical waters (Bakhrebah, 2006).
Because these small copepods do not typically produce many eggs,
they are remarkably effective, infecting several fish species and
sometimes aggregating in large numbers in their hosts (Jones,
1998). According to Walter and Boxshall (2020), this family
includes nine genera Congericola van Beneden, 1851, Hatschekia
Poche, 1902, Bassettithia Wilson, 1922, Pseudocongericola Yu,
1933, Prohatschekia Nunes-Ruivo, 1954, Wynnowenia Boxshall,
1987, Laminohatschekia Boxshall, 1989, Brachihatschekia
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Castro-Romero and Baeza-Kuroki, 1989, and Mihbaicola Uyeno,
2013. Both male and female hatschekiids lack maxillipeds, have a
second maxillae with bifid claws, and display a specific leg struc-
ture (the first and second legs are biramous, and the third and
fourth legs are reduced to setae). The genus Hatschekia is the lar-
gest genus of the Hatschekiidae family and contains parasites
found in marine teleosts’ gill filaments (Ho and Kim, 2001;
Boxshall and Halsey, 2004a, 2004b; Bakhrebah, 2006). This genus
includes approximately 152 species (Walter and Boxshall, 2020)
that display a moderate degree of variability in their external mor-
phology (Scott-Holland et al., 2006).

The relatively low number of copepodologists is the main rea-
son why limited information is available about ectoparasitic cope-
pods (Ho, 2001). Consequently, there is a lack of knowledge of the
essential morphological and anatomical features that can classify
copepods (Hamza et al., 2007; Ramdane, 2009). Several molecular
methods were recently used to test the taxonomic status of cope-
pod species independently of their morphology (Fls et al., 2006;
Ferrari and von Vaupel Klein, 2019). DNA barcoding was used
recently in siphonostomatoid copepod taxonomy to verify intra-
and interspecific morphological distinctions to determine their
phylogenetic relationship (Yazawa et al., 2008). However, few
studies were performed using molecular data to restore inter-
ordinal associations within Copepoda, including insufficient taxon
sampling or sequencing uncertainty (Kim and Kim, 2000; Ferrari
et al., 2010). Huys et al. (2007) found that the most useful genetic
markers are the nuclear ribosomal genes (18S and 28S rRNA) form
semi-conserved domains interspersed with divergent regions, thus
allowing a phylogenetic reconstruction via a wide range of taxo-
nomic levels.

Therefore, the present research intended to identify Hatschekia
species infecting Parupeneus rubescens, which was performed using
light and scanning electron microscopic analyses. Additionally, the
nuclear large subunit rRNA (28S rRNA) gene’s partial nucleotide
sequences were used to assess these species’ phylogenetic position
within Siphonostomatoida.
2. Materials and methods

2.1. Collection of fish and parasitic examination

Eighty specimens of rosy goatfish, Parupeneus rubescens, were
collected from fishermen in the Arabian Gulf coast at Dammam
City, Saudi Arabia. Fish were transported to the Laboratory of Par-
asitology Research at the Department of Zoology, College of
Science, King Saud University, Riyadh, Saudi Arabia. The collected
fish samples were identified according to the guidelines on the
website fishbase.org. All fish were dissected within 48 hrs of sam-
pling. Macro- and microscopic examinations of the collected fish
samples were performed externally, and the gills were examined
for the presence of any parasitic infection according to standard
parasitological techniques. The sites and number of parasite spe-
cies were recorded per fish.
2.2. Light microscopy examination of copepods

Copepods were recovered from the host fish’s gills by careful
scraping under a dissecting microscope (Nikon SMZ18, NIS ELE-
MENTS software) and then fixed and preserved in ethanol (70%).
After preservation, the parasitic copepods were cleared and stained
in lactic acid to identify morphological characteristics under a Leica
DM 2500 microscope (NIS ELEMENTS software, Leica Microsys-
tems, Morrisville, USA).
2

2.3. Scanning electron microscopy examination of copepods

The copepods were also prepared for scanning electron micro-
scopy (SEM). The specimens were post-fixed overnight in OsO4

before being dehydrated in increasing ethanol grades. The speci-
mens then reached the critical CO2 drying stage using the
BOMER–900 dryer ‘‘Leica Microsystems, Morrisville, USA”, were
placed on SEM stubs with double adhesive tape, were sputtered
with gold at 15 mA using a TECHNICS HUMMER V, and were tested
under JEOL JSM-6060LV (Tokyo, Japan). Copepod identification was
based on Kabata (1979) guidelines and Huys and Boxshall (1991)
for morphological features.
2.4. Molecular analysis

2.4.1. DNA extraction and PCR amplification
Total DNA was extracted from ethanol-preserved samples using

the QIAGEN� DNeasy� tissue kit� (Hilden, Germany) following the
manufacturer’s instructions. The 28S rRNA partial fragments were
amplified using the 28S universal primer pair, 28SF (50-ACA ACT
GTG ATG CCC TTA G-30) and 28SR (50-TGG TCC GTG TTT CAA GAC
G-30) designed by Song et al. (2008). Thermal cycler (Biometra,
Göttingen, Germany) was used to conduct PCR amplification under
the following parameters: 5 min at 94⁰C, accompanied by 30 cycles
of 1 min at 94⁰C, 30 sec at 59⁰C, 2 min at 72⁰C, and 7 min at 72⁰C.
The PCR amplification reaction volume (20 ml) consisted of 2 ll of
genomic DNA extract, 4 ll of 5 � FIREPol� Master Mix (Solis Bio-
Dyne), 0.6 ll of each forward and reverse PCR primer, and
nuclease-free water to reach the desired volume. PCR amplicons
were tested by electrophoresis and purified using the QIAquickTM

PCR purification kit (QIAGEN, Hilden, Germany).
2.4.2. Sequencing and phylogenetic analysis
All nucleotide sequences were determined through direct

sequencing of the same set of primers used for PCR amplification
with the ABI Prism BigDye Terminator Cycle Sequencing Kit (Perkin
Elmer) using ABI 3130 � 1 DNA Analyzer (Applied Biosystems�,
Thermo Fisher Scientific, USA). The sequences were blasted with
the GenBankTM nucleotide databases. Subsequently, all sequences
were matched using CLUSTAL-XTM (Thompson et al., 1997). Each
sequence was manually edited for accuracy using ABI Editview
(Perkin-Elmer). The aligned sequences were trimmed in BIOEDIT
4.8.9 (Hall, 1999). Maximum likelihood, Neighbor-Joining, UPGMA
methods were applied to construct the best fitting trees. The soft-
ware for Molecular Evolutionary Genetics Analysis (MEGA 7.0) was
used to perform this phylogenetic analysis (Kumar et al., 2016).
3. Results

Forty-three of the 80 (53.75%) rosy goatfish, Parupeneus rubes-
cens were infected naturally with two different copepod parasites
recovered from the infected fish samples’ gills, both of which
belonged to the genus Hatschekia within the family Hatschekiidae.
These copepod species were Hatschekia sargi Brian, 1902 and
Hatschekia leptoscari Yamaguti, 1939.
3.1. Hatschekia sargi Brian, 1902

Cephalothorax oval with circular margins and a distinctly coni-
cal posterolateral process, and wider than long (length: width ratio
0.85). Trunk sub-cylindrical and approximately seven times the
cephalothorax’s length; separated anteriorly from the cephalotho-
rax by a deep constriction and only slightly narrower posteriorly.
Posterolateral margins of the trunk taper to the abdomen without
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lobes or processes. Abdomen small, conical, and not delimited by
distinct borders from the trunk, with caudal rami present.

3.2. Description (Figs. 1, 2)
Fig. 1. Photomicrographs of the adult female Hatshekia sargi infecting Parupeneus rubesce
showing: (B, C) Anterior region of cephalothorax with thoracic appendages. (D) The rostr
and maxilla I. (F) Thoracic zone with maxilla II and two pairs of legs. (G) Abdomen b
cephalothorax; ES, egg string; GT, genital trunk; L 1, leg 1; L 2, leg 2; MAN, mandible; M
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Rostrum concealed beneath frontal projections of a dorsal
cephalic shield and comprised two pairs of humplike processes.
Antennule (antenna I) obscurely segmented, slender, protruding
beyond the lateral margin of the cephalothorax; the anterior mar-
gin contained 11 stout setae, the posterior margin contained one
slender seta on the second half and one relatively small seta near
ns. (A) Whole-mount preparation. (B-O) High magnifications for different body parts
al region with the first and second antenna. (E) Postoral appendages of the mandible
earing egg strings. Note: AB, abdomen; ANT 1, antenna 1; ANT 2, antenna 2; CT,
AX I, maxilla I; MAX II, maxilla II; PB, parabasal body; RA, rostral area.



Fig. 2. Scanning electron micrographs of the anterior region of the adult female
Hatshekia sargi infecting Parupeneus rubescens. Note: ANT 2, antenna 2; CT,
cephalothorax; GT, genital trunk; L 1, leg 1; L 2, leg 2; MAN, mandible; MAX II,
maxilla II; RA, rostral area.
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the apex; and the apical armature contained 11 setae and one aes-
thete. Antenna (antenna II) two-segmented with a long second seg-
ment and relatively short, robust, and sharply hooked claw; the
parabasal body was small, soft, and suboval. Maxillule (maxilla I)
bilobate, both lobes armed with two sharp tapering processes.
Maxilla (maxilla II) contained four segments: a proximal unarmed
segment; the second segment (lacertus) the largest, with short seta
on the inner margin near the base; the third segment (brachium)
slender, with small distal seta on the inner margin; and the distal
segment tipped with slender seta and bifid claw. No maxilliped
was present. Mandible slender and tapered distally. Two pairs of
biramous legs present (first and second thoracopods), with two
indistinctly segmented exopods. The first leg’s endopod much
smaller than the exopod, and the second leg had rami of approxi-
mately equal size. Third and fourth legs were not observed. Caudal
rami digitiform, with six setae each.

Dimensions: body length excluding caudal rami 1.60 (1.56–
1.79); cephalothorax length 0.15 (0.12–0.19), width 0.19 (0.17–
0.21); trunk length 1.30 (1.28–1.34), width 0.32 (0.30–0.36); egg
string length 0.75 (0.70–1.15), diameter 0.10 (0.08–0.12).

Remark. H. sargi was first observed by Brian (1902) as specimens
that were isolated from the gills of Sargus (=Diplodus) rondeletii, D.
salvani, and D. annularis (Sparidae) from Geneva, followed by
Bakhrebah (2008), who recovered the same species from
Carcharhinus melanopterus (Quoy and Gaimard, 1824)
4

(Carcharhinigae) from the Arabian Gulf of Jeddah, Saudi Arabia.
The morphological features re-described here agree with the
original description of H. sargi, particularly with the presence of
a linear trunk and smoothly convex lateral margins to the
cephalothorax, but except for the body proportions and the
occurrence of different host species. Bakhrebah (2008) claimed
that in order to determine the validity of the Hatschekia species, it
was appropriate to compare it with its congeners possessing
cephalothoraxes of approximately similar length and width, with
distinctly posterolateral conical protuberances and a long slender
trunk not fitted with posterolateral lobes or processes which were
compatible with the findings presented herein. Thus, H. sargi
shows a close resemblance to Hatschekia pagellibogneravei Hesse,
1879, which infects Diplodus annularis from the Mediterranean,
except for the latter having postero-lateral margins of the trunk
tapered to the abdomen and a trunk approximately eight times the
length of the cephalothorax.
3.3. Hatschekia leptoscari Yamaguti, 1939

Cephalothorax relatively large and comprised one-fourth or
more of the total length; it was heart-shaped, with the anterior
margin formed small lobes on either side of the median line, and
each lateral curved in crescent to meet the convex posterior mar-
gin. Leg bearing segments fused to the trunk. Genital trunk ovoid,
broadened in the anterior fourth and almost as wide as the
cephalothorax. Abdomen contained one sub-rectangular segment
and buried with the anterior half into the trunk’s distal end, and
the portion posterior to the dorsolateral gonopores free, with cau-
dal rami present.

3.4. Description (Figs. 3 and 4)

Rostral area contained a pair of ventral swellings. Antennule
(antenna I) five-segmented diminished in size distally and armed
with squat, blunt spines, and short setae. Antenna (antenna II)
accompanied by the postantennary process laterally and con-
tained three segments; the second segment constructed at
approximately the middle, with anterodistal expansion, and the
third segment formed a claw and inner seta on the shaft. Mouth-
parts and maxilla arranged side by side on the posteroventral
margin of the cephalothorax. Oral cone present with a distal
membrane on the labium. Mandible composed of a broad base
and styliform gnathobase. Maxillule (maxilla I) bilobate, with
the outer lobe tipped with two setae and the inner lobe with
one seta, each distally and ventrally. Maxilla (maxilla II) four-
segmented; the second segment had proximoventral seta, the
third segment had distal seta, and the fourth segment had a bifid
claw and distal seta. No maxilliped present. Leg I biramous; the
exopodite two-segmented, with the basal segment bearing seta
at the apex and the terminal segment containing five apical setae;
the endopodite one-segmented, bearing five apical setae. Leg 2
biramous; the exopodite two-segmented, with the basal segment
bearing one seta and the terminal segment containing three
setae; the endopodite one-segmented with four apical setae. Legs
3 and 4 represent the lateral seta situated at the anterior 50 and
80% of the trunk, respectively.

Dimensions: body length excluding caudal rami 0.83 (0.70–
0.91); cephalothorax length 0.27 (0.20–0.32), width 0.31 (0.28–
0.35); trunk length 0.56 (0.49–0.64), width 0.36 (0.30–0.43); egg
string length 0.47 (0.40–0.51), diameter 0.12 (0.10–0.17), contain-
ing a single egg.



Fig. 3. Photomicrographs of the adult female Hatschekia leptoscari infecting Parupeneus rubescens. (A) Whole-mount preparation. (B-O) High magnifications for different body
parts showing: (B, C) Anterior region of cephalothorax. (D) The rostral region with the first antenna. (E) First and second antenna. (F) Second antenna with the post-antennary
process. (G) Postoral appendages of the mandible and maxilla I. (H) Maxilla II with first and second thoracic legs. (I) Maxilla II. (J) Abdomen bearing egg strings. Note: AB,
abdomen; ANT 1, antenna 1; ANT 2, antenna 2; CT, cephalothorax; ES, egg string; GT, genital trunk; L 1, leg 1; L 2, leg 2; MAN, mandible; MAX I, maxilla I; MAX II, maxilla II,
MT, mouth tube; PAP, post-antennary process; RA, rostral area.
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Remarks. H. leptoscari was initially described by Yamaguti (1939)
as specimens recovered from Leptoscarus japonicas in Japanese
waters, followed by Bakhrebah (2006), was isolated the same
species from the rusty parrotfish Scarus ferrugineus (Scaridae) from
the Red Sea coast of Jeddah, Saudi Arabia. Izawa (2016) recovered
the same species from the Japanese parrotfish Calotomus japonicus
5

(Scaridae) in Seto, Wakayama Prefecture. The morphological
features re-described here agree with the original description from
the other related studies, except for variations in size and body
proportions, which is explained by the intraspecific variation and
not interspecies differences as mentioned by Jones (1985). Addi-
tionally, H. leptoscari shows a close resemblance to Hatschekia



Fig. 4. Scanning electron micrographs of the adult female Hatschekia leptoscari infecting Parupeneus rubescens. (A) Whole-mount preparation. (B, C) High magnifications for
(B) Cephalothorax. (C) Egg string. Note: AB, abdomen; CT, cephalothorax; ES, egg string; GT, genital trunk; L 1, leg 1; MAX II, maxilla II; RA, rostral area.

S. Al-Quraishy, M.A. Dkhil, N. Al-Hoshani et al. Journal of King Saud University – Science 33 (2021) 101290
elongate recovered by Redkar et al. (1950) from Lutjanus johnii in
Bombay, but it can be distinguished by the armature of the second
leg and the shape of the claw on the second antenna. It also bears a
resemblance to Hatschekia novaculopsi Izawa (2016) from Caloto-
mus japonicus in Wakayama Prefecture. However, it can be
differentiated by two posterolateral processes on the trunk and a
cuticular frame between the intercoxal bars of the first two legs.
Similarly, it bears a resemblance to Hatschekia pseudolabri
Yamaguti, 1953, which infects Pseudolabrus japonicus and Bodianus
vulpinus from Japan latter that having three setae and one-minute
seta on the terminal segment of the first exopod.
3.5. Molecular analysis

To study the marine recovered copepod species’ taxonomy and
classification, phylogenetic analyses focused on the 28S rRNA gene
sequences. For H. sargi, the amplified and sequenced 28S rRNA gene
regions (GC content) included 630 bp (46.5%) and were deposited
in GenBank under accession number MT677851.1. The sequence
of H. leptoscari included 621 bp (45.6% for GC content) and depos-
ited in GenBank under accession number MT677850.1. The gene
sequences obtained were correlated with one another and with
other gene sequences accessible from GenBank. BLAST searches
found that these sequences are closely related to those of other
copepods that were previously sequenced but were not similar to
either of these species. Sequence variation in 28S rRNA among all
specimen sequences was 0.24. The present cladograms were con-
structed from Podoplean species within the Copepoda and
described by three orders: Cyclopoida, Harpacticoida, and
Siphonostomatoida (Figs. 5–7). These phylogenetic trees consist
of two clades; the major clade is comprised of members belonging
to the three orders mentioned above with different families, as fol-
lows: Harpacticoida (Ameiridae, Cylindropsyllidae, Canthocampti-
dae, Thompsonulidae, Idyanthidae, and Aegisthidae); Cyclopoida
6

(Cyclopidae); and Siphonostomatoida (Asterocheridae, Pandaridae,
Pennellidae, Megapontiidae, Nicothoidae, Caligidae, and
Hatschekiidae). The minor clade includes the remaining Siphonos-
tomatoida members represented by the closely allied Sphyriidae
and Lernaeopodidae families. Harpacticoida was shown to be clo-
sely related to Cyclopoida. Siphonostomatoida was more similar
to Cyclopoida than Harpacticoida. Phylogenetic trees endorsed a
paraphyly of Siphonostomatoida with monophyletic assemblages
from its families. Hatschekiidae is forming a sister clade to Caligi-
dae. There was a strong relationship between Sphyriidae and Ler-
naeopodidae. The ME tree showed a well-resolved distinct clade
with other Siphonostomatoida species members and the recovered
Copepoda species, particularly those belonging to the Hatscheki-
idae family and deeply embedded within the Hatschekia genus,
with close relationships to the previously mentioned Hatschekia
japonica (gb| KR048858.1) in the same taxon.
4. Discussion

Goatfish are considered a commercially important fish species,
both locally and regionally; however, knowledge regarding the
parasite fauna is limited (Abdel-Gaber et al., 2020). In this study,
two copepod species were found that had naturally infected the
gill region of the rosy goatfish, which is a perciform belonging to
the family Mullidae that inhabits the coasts of Jeddah, Saudi Ara-
bia. Since most species of Hatschekia are parasitic on fish of the
same family, species that utilize fish hosts from more than two
families are relatively rare (El-Rashidy and Boxshall, 2011). This
finding may also imply that host specificity in the Hatschekia spe-
cies is usually high (Uyeno and Ali, 2013). The Hatschekia genus is
among the most successful genera of siphonostomatoid copepods
within the Hatschekiidae family.

Fish gills are considered the most suitable attachment site for
all Hatschekia genus members except, as stated by Wierzbicka



Fig. 5. The phylogenetic analysis focused on a partial 28S rRNA sequence indicating the recovered Hatschekia species’ position with other species of copepods. The tree has
been constructed using the Maximum Likelihood approach based on the K2P model. The tree with the highest log likelihood (�4558.32) is shown.

Fig. 6. Evolutionary relationships of taxa were inferred using the Neighbor-Joining method and computed with the p-distance method.
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(1989), of Hatschekia reinhardtii found on the ventral fin of the
Greenkand halibut Reinhardtius hippoglossoides. Ectoparasites
attached to the gills commonly display a preference for certain
holobranches (Lo and Morand, 2001). In the present study, the
recovered Hatschekia species did not display a preference for the
7

left or right side of the fish, which is consistent with previous find-
ings for most other species of Hatschekia and many other ectopar-
asites (Geets et al., 1997; Muñoz and Cribb, 2005; Scott-Holland
et al., 2006). Conversely, Collins (1984) found significant differ-
ences in the abundance of Hatschekia oblonga Wilson, 1913



Fig. 7. Evolutionary taxa relationships were inferred using the UPGMA method and computed using the p-distance method and are in the units of the number of base
differences per site.
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between the left and right gill of the host, Ocyurus chrysurus
(Bloch); however, this was concluded likely due to chance given
the low number of individuals involved.

In the present study, Hatschekia species were recovered from
the gills of 53.75% of the rosy goatfish specimens, indicating that
it is a moderately prevalent parasite. This was similar to the rate
of infection (57.1%, Wierzbicka, 1989) of H. reinhardtii in Rein-
hardtius hippoglossoides from the Gulf of Bering Sea; Hatschekia
sp. in Scolopsis dubuosus (53.33%; Purivirojkul and Areechon,
2008) from Thailand; H. conifer in Thyrsites atun (54.6%, Nunkoo
et al., 2016) from the west coast of South Africa; and H. longiab-
dominalis in Arothron hispidus (53.3%, Soler-Jiménez et al., 2019)
from Japan. However, this prevalence rate was higher than that
of H. mulli inhabited the Tunisan coasts (29.03%, Boualleg et al.,
2010); H. gracilis in Nemipterus japonicus (20%; Tadros et al.,
2014) from Al-Ghardaqah; Japan (11.1%, Nagasawa, 2017) of H.
pagrosomi from Evynnis tumifrons; and H. bicaudata from Chaetodon
aureofasciatus (23.1%, Soler-Jiménez et al., 2019) in Australia. How-
ever, this prevalence rate was lower than that of H. caudate in
Lutianus vitta from the Gulf of Thailand (82.35%; Purivirojkul and
Areechon, 2008).

Very little is known about the feeding mechanisms of
Hatschekiidae on their host tissues (Scott-Holland et al., 2006).
For example, there is a lack of information on the characteristics
of the mouthparts because they are not deemed necessary for tax-
onomic identification (Jones, 1985). Based on the diagnostic char-
acteristics of species of the genus Hatschekia Poche, 1902 as
described by Kabata (1979) and Jones (1985), the recovered species
are related to the Hatschekia genus in that they possess the same
body size (rarely exceeding a length of 2 mm), the cephalothorax
is usually separated from the trunk by a neck-like constriction,
the trunk ranges in shape from sub-cylindrical to sub-spherical,
the abdomen is one-segmented (partly or entirely incorporated
in the trunk), the second antenna is prehensile, the maxilliped is
absent, the presence of two pairs of biramous legs while other pairs
8

are vestigial or absent, and the females produce a small number of
eggs.

Globally, high levels of diversity for Copepoda species have
been reported (Brancelj, 2002). DNA sequencing was used to esti-
mate the phylogenetic relationships between siphonostomatoid
families infecting elasmobranchs (Kress et al., 2015; Baek et al.,
2016). Previous studies have used rRNA genes (18S rRNA and 28S
rRNA) to propose phylogenetic relationships among copepod fam-
ilies and genera (Huys et al., 2012; Brown et al., 2010; Blanco-
Bercial et al., 2011; Hayward et al., 2011; Yeom et al., 2018). The
present study demonstrated the partial 28S rRNA gene sequence
variation as a taxonomic marker for the species identification of
the ecologically important yet understudied siphonostomatoid
copepod genus Hatschekia from the Arabian Gulf fish. González
et al. (2016) reported that the 28S rRNA gene has a low mutation
rate and is limited in species-level identification beyond the basal
branch in phylogenetic trees. The 28S rRNA sequence alone cannot
be used for species identification; however, combined with a mor-
phological description, it can provide a basis for species identifica-
tion (Weigand et al., 2010; Morales-Serna et al., 2019).

The present ME tree is constructed of two clades representing
three orders within the Podoplea infraclasses. It is consistent with
the phylogeny of Huys and Boxshall (1991) based on the nuclear
rRNA sequences using maximum parsimony and Bayesian tree
reconstruction except for the presence of Calanoida. This analysis
demonstrated that Siphonostomatoida is paraphyletic, consistent
with results reported by Huys et al. (2007). Siphonostomatoida in
the present phylogeny was placed as a sister-group to Cyclopoida,
which agrees with the Boxshall scheme (1986) who stated that this
relationship was based on the synapomorphies’ possession of, at
most, a one-segmented antennary exopod, and the loss of the
entire exopod in the last order. Eyun (2017) reported that
Harpacticoida is a basal-branch group of Podoplea and is strongly
linked to Cyclopoida, which agrees with the results presented
herein.
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The present 28S dataset for nine families within Siphonostoma-
toida and the present ML tree strongly supported these families’
monophyly. This is consistent with the Kakui (2016) hypothesis
reporting the monophyletic origin of Siphonostomatoida families
but did not recover Nicothoidae (represented by Choniosphaera
indica) monophyletic, which is not observed herein. According,
Huys and Boxshall (1991) remarked that Nicothoidae is the only
invertebrate-associated family with a cephalic frontal filament
attaching the infective copepod to its host.

Herein, the basal position of the two lernaeopodid taxa (Ler-
naeopodina longibrachia and Neoalbionella sp.) in this clade is of
particular significance since the Lernaeopodidae form a close rela-
tionship with Sphyriidae in regards to the morphology of the dwarf
males as stated by Kabata (1981), and the known copepod stage of
the Sphyriidae that closely resemble those of the Lernaeopodidae
as reported by Wilson (1932). Both families form a plesiomorphic
group of the vertebrate associates in the estimated topology, have
retained the antennary exopod, and don’t have the apomorphic
uniseriate type of egg sac in which discoid eggs are tightly packed
to form a cylindrical egg string as mentioned by Huys et al. (2007).

The current phylogeny demonstrates a relationship between
caligids, lernaeopodids, and hatschekids, which agrees with previ-
ous studies by Boxshall and Halsey (2004a), Boxshall and Halsey
(2004b), Ho and Lin (2004), Johnson et al. (2004), Dippenaar
(2009), and Moon and Kim (2012) stated the hypothesis for this
relationship is that they are dominant among the parasitic cope-
pods of fish. Additionally, there was a close relationship between
Pandaridae and Pennellidae, according to the hypotheses of
Kabata (1972), Kabata (1979), Boxshall (1986), Huys et al. (2007),
Muñoz et al. (2015), and Yasuike et al. (2012), reported that both
species have linear and coiled egg sacs. Herein, Hatschekiidae is
described by the one genus Hatschekia. The species analyzed here,
H. sargi and H. leptoscari, have been confirmed by molecular anal-
yses to be distinct species with a close relationship to the previ-
ously described H. japonica (KR048858.1), as mentioned in the
morphological taxonomic analyses.

5. Conclusion

In this study, the host reported Parupeneus rubescens, a new
host fish recorded for Hatschekia sargi and Hatschekia leptoscari in
Saudi Arabia. This study was considered a re-description of those
Hatschekiidae species based on distinctive morphological charac-
ters. However, it is the first report on using partial 28S rRNA gene
sequences to help determine the taxonomic position within the
Hatschekiidae family.
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