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Abstract. Pseudorhabdosynochus seabassi sp. n. (Monogenea: Diplectanidae) from the gill filaments of Lates calcarifer Bloch, a 
marine teleost fish held in floating sea cages in Guangdong Province, China, is described based on morphological observations and 
molecular data. The shapes of the male copulatory organs (MCO) of Pseudorhabdosynochus spp. were the focus of this study. The 
typical proximal part of the MCO in most species of Pseudorhabdosynochus is reniform, heavily sclerotized, and divided into four 
chambers. However, the new species from L. calcarifer has a bulbous proximal region with four concentric layers of apparent 
muscular origin, instead of a reniform structure with four compartments. This organ is also different in Diplectanum grouperi Bu, 
Leong, Wong, Woo et Foo, 1999, being sclerotized, cup-shaped, wide proximally with four concentric muscular layers and tubular 
distally. The 3’ terminal portion of the small subunit ribosomal RNA gene (ssrDNA) and the 5’ terminal region (domains C1-D2) of 
the large subunit ribosomal RNA gene (lsrDNA) were used to reconstruct the phylogenetic relationships of P. seabassi and D. 
grouperi with related taxa utilizing maximum-parsimony and neighbour-joining methods. Phylogenetic analyses unequivocally 
placed D. grouperi amongst Pseudorhabdosynochus using either ssrDNA or lsrDNA data. All species of Pseudorhabdosynochus 
(including D. grouperi) used in this study clustered together, inferring monophyly. Based on molecular phylogenetic evidence, we 
propose that D. grouperi from Epinephelus coioides Hamilton be transferred to Pseudorhabdosynochus as P. grouperi comb. n. 

Diplectanids are a group of monogeneans that mainly 
parasitize the gills of serranid fish and have a world-wide 
distribution (Oliver 1993). Many species of these 
monogeneans occur in cultured fish and are of consid-
erable economic importance (e.g., Nash et al. 1987, 
Leong and Wong 1990, Leong 1994). Traditionally, 
classification of the Diplectanidae Bychowsky, 1957 has 
been based, to a large extent, on morphology of the 
sclerotized components of the haptor (Beverley-Burton 
and Suriano 1981). Two genera of the family are of par-
ticular interest because of controversies regarding the 
taxonomic status and phylogenetic positions of some 
species within them, and have been the focus of a number 
of studies (e.g., Oliver 1968, Kritsky and Bever-
ley-Burton 1986). One, Diplectanum Diesing, 1858, the 
type genus of the family, is characterized in part by 
presence of a haptor which is constricted from the body 
proper, with two pairs of hamuli, three transverse bars, 
and dorsal and ventral squamodiscs consisting of con-
centric rows of sclerites (Yamaguti 1963). The other is 
Pseudorhabdosynochus Yamaguti, 1958, erected to ac-
commodate P. epinepheli Yamaguti, 1958. Subsequently, 
Oliver (1968) erected Cycloplectanum for Diplectanum 

americanum Price, 1937, whose inner row of elements in 
the squamodisc forms a complete ring, distinguishing it 
from Diplectanum. The nomenclature and taxonomy of 
species in Cycloplectanum and Pseudorhabdosynochus 
has since become controversial and confusing. Bever-
ley-Burton and Suriano (1981) considered that the 
squamodiscs of Cycloplectanum spp. showed inter-
specific variation in number and shape of rows, in degree 
of sclerite fusion and overlap pattern, and these varia-
tions should not be considered of prime importance in 
generic separation. They amended the diagnosis of 
Cycloplectanum and emphasised the importance of the 
unique structure of the terminal genitalia (both the male 
copulatory organ [MCO] and vagina). Considering the 
confusing nomenclature in these genera, Kritsky and 
Beverley-Burton (1986) presented a historical review 
and considered Cycloplectanum a junior synonym of 
Pseudorhabdosynochus Yamaguti, 1958. 

So far, six diplectanids have been reported from Lates 
calcarifer, two belonging to Pseudorhabdosynochus, 
namely P. latesi Tripathi, 1955 and P. monosquamodis-
cusi Balasuriya et Leong, 1995. In this paper, a new 
species of Pseudorhabdosynochus collected from gills of 
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L. calcarifer is described based on morphological char-
acters. However, there are limitations using morpho-
logical approaches as some studies on Gyrodactylidae 
(Mo 1991) have demonstrated variation in the mor-
phology of haptoral sclerites on which Diplectanidae and 
most other monogeneans are mainly based (Oliver 1987). 

Molecular approaches using genetic markers in small 
and large subunit ribosomal DNA (ssrDNA and lsrDNA) 
offer alternatives and complement morphology for iden-
tification and systematics of monogeneans (e.g., Cun-
ningham et al. 1995, Mollaret et al. 1997, Littlewood et al. 
1998, Olson and Littlewood 2002). A few studies have 
examined phylogenetic relationships of monogeneans at 
the subclass and family levels using molecular ap-
proaches (Mollaret et al. 2000, Jovelin and Justine 2001, 
Olson and Littlewood 2002). However, little is known 
about phylogenetic relationships within Monogenea at 
the generic level, although this could be important to 
understand host-parasite relationships (Desdevises et al. 
2000, 2002, Huyse et al. 2003, Šimková et al. 2003). 
Therefore, another objective of the present study is to 
investigate the phylogenetic status of Diplectanum 
grouperi Bu, Leong, Wong, Woo et Foo, 1999 which 
parasitizes the gills of Epinephelus coioides Hamilton 
and is very similar to Pseudorhabdosynochus spp. in 
terms of host species and morphological features, such as 
the four muscular layers in the proximal part of MCO, 
which is similar to that of P. latesi and P. 
monosquamodiscusi. It was described, however, as a 
species of Diplectanum considering the cupshaped MCO 
as a whole. We used the 3’ terminal portion of ssrDNA 
and the 5’ terminal region of lsrDNA (domains C1-D2), 
as both have been widely used to estimate phylogenetic 
relationships among monogeneans (e.g., Cunningham et 
al. 1995, Mollaret et al. 1997, Littlewood et al. 1998, 
Desdevises et al. 2000, Mollaret et al. 2000, Chisholm et 
al. 2001, Jovelin and Justine 2001, Olson and Littlewood 
2002). The validity and phylogenetic position of the new 
species described here was also confirmed by molecular 
evidence. 

MATERIALS  AND  METHODS 

Parasites. Host fish cultured in floating sea cages in the 
South China Sea were caught and identified to species ac-
cording to previous descriptions (Cheng and Zhen 1987). 
Parasites were excised carefully from gills of freshly killed fish. 
Some parasites were fixed with Bleasure’s glue (Acacia gum 
17.25%, glycerin 13.79%, chloral hydrate 34.48%, distilled 
water 34.48%) and their sclerotized parts examined under a 
dissecting microscope. Parasites were identified to species 
morphologically according to existing keys and descriptions 
(Beverley-Burton and Suriano 1981, Liang and Leong 1991, 
Bu et al. 1999, Wu et al. 2000, Zhang et al. 2001). In total, nine 
described parasite species were studied in the present study; 
their codes, numbers, host species, geographical origins and 
GenBankTM accession numbers of rDNA sequences are listed 
in Table 1. Some individuals of the species newly described 

were fixed in 70% ethanol under a cover-slip, stained with 
carmine, differentiated in acid-alcohol, dehydrated in serial 
concentrations of ethanol, cleared in xylene, and mounted in 
Canada balsam. The descriptive terminology and numbering of 
the haptoral parts follow Bu et al. (1999). Drawings were made 
from specimens originated from the same population used for 
molecular analyses. Measurements are presented in microme-
tres. 

DNA extraction and PCR amplification. Prior to DNA 
extraction, individual parasites were removed from Bleasure’s 
glue, placed in 0.5 ml Eppendorf tubes and dipped in 500 µl 
TE9 (500 mM Tris-HCl, 200 mM EDTA, and 10 mM NaCl, pH 
9.0) for 2–3 h. They were then placed in 0.5 ml tubes containing 
20 µl lysis buffer (0.45% NP-40, 0.45% Tween-20, 1 mM 
EDTA, 10 mM Tris-HCl and 20 µg/ml proteinase K) and in-
cubated at 65°C for 1 h, followed by incubation at 95°C for 15 
min to inactivate the proteinase K. 

A region comprising partial ssrDNA and the entire internal 
transcribed spacer 1 (ITS1) region was amplified using primers 
S1 (5’-ATTCCGATAACGAACGAGACT-3’) and IR8 
(5’-GCTAGCTGCGTTCTTCATCGA-3’) as previously de-
scribed (Šimková et al. 2003). Each amplification reaction was 
performed in a final volume of 50 µl containing 9 µl of lysate, 
1.5 mM of MgCl2, 1 × buffer (TakaRa), 200 µM of each dNTP, 
0.8 µM of each PCR primer and 2.5 U of Ex Taq polymerase 
(TakaRa) in a thermocycler (MJ Research) under the following 
conditions: 4 min at 95°C (initial denaturation), followed by 35 
cycles of 1 min at 92°C (denaturation), 1 min at 53°C (an-
nealing) and 1.5 min at 72°C (extension) and a final extension 
at 72°C for 10 min. 

The C1-D2 lsrDNA region was amplified using the uni-
versal primer C1 (5’-ACCCGCTGAATTTAAGCAT-3’) and 
the reverse primer D2 (5’-TGGTCCGTGTTTCAAGAC-3’). 
Amplification was performed as described above, except that 
the lysate was 6 µl in each reaction. The cycling conditions 
were as following: 5 min at 94°C (initial denaturation), fol-
lowed by 30 cycles of 1 min at 94°C (denaturation), 1 min at 
56°C (annealing) and 1 min at 72°C (extension) and a final 
extension at 72°C for 10 min. Samples with host DNA or 
without genomic DNA were included in each amplification run 
as controls. PCR products were examined on 1% agarose gels, 
stained with ethidium bromide, and photographed upon tran-
sillumination. 

DNA sequencing and phylogenetic analyses. Gel-purified 
PCR products were directly sequenced with the same primers 
as for PCR amplification using an ABI 377 automated DNA 
sequencer (BigDye Terminator Chemistry). The sequences 
were edited using the program SeqmanTM (DNASTAR Inc.) 
and aligned using the program Clustal_X (Thompson et al. 
1997), and the alignment was improved by eye. Analyses were 
carried out on all substitutions. Saturation level was assessed as 
in Desdevises (2001). The absence of saturation in the data was 
obvious, and allowed the use of the whole alignment for phy-
logenetic reconstruction. The phylogenetic trees were recon-
structed using MEGA version 3.0 (Kumar S., Tamura K., 
Jakobsen I.B. and Nei M. 2004. MEGA: Molecular Evolu-
tionary Genetics Analysis, Pennsylvania State University, 
University Park, and Arizona State University, Tempe). Phy-
logenetic analyses were performed based on neighbour-joining 
(NJ) and maximum-parsimony (MP) methods. In reconstruct-
ing the NJ tree, the Kimura-2-parameter model, correcting
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Table 1. List of parasite species used in this study with host species, locality, number of specimens measured/sequenced and GenBankTM accession numbers. Asterisks indicate  
species sequenced in this study. 

Parasite species Host species Locality No. of specimens 
measured/sequenced 

GenBank No. 
ssrDNA/lsrDNA 

*Pseudorhabdosynochus seabassi sp. n. Lates calcarifer  Yangjiang, China 50/4 –/AY553620 
*P. latesi (Tripathi, 1955) Lates calcarifer  Yangjiang, China 20/4 –/AY553621 
*P. lantauensis (Beverley-Burton et Suriano, 1981) Epinephelus brunneus Huidong, China 20/4 AY553614/AY553624 
*P. epinepheli (Yamaguti, 1938) Epinephelus brunneus Huidong, China 10/4 AY553615/AY553622 
*P. coioidesis Bu, Leong, Wong, Woo et Foo, 1999 Epinephelus coioides Huiyang, China 40/4 AY553616/AY553623 
*Diplectanum sillagonum Tripathi, 1957 Sillago sihama Hainan, China 10/4 AY553617/AY553626 
*D. grouperi Bu, Leong, Wong, Woo et Foo, 1999 Epinephelus coioides Huidong, China 40/4 AY553618/AY553628 
*D. blaiense Gupta et Khanna, 1974 Sillago sihama Hainan, China 10/2 –/AY553627 
*D. veropolynemi Nagibina, 1976 Polynemus sextarius Huiyang, China 10/2 –/AY553625 
  D. aequans (Wagener, 1857) Dicentrarchus labrax Atlantic Ocean – AJ276439/– 
  Lamellodiscus erythrini Euzet et Oliver, 1967 Pagellus erythrinus France – AJ276440/– 
  L. ignoratus Palombi, 1943 Diplodus annularis France – AF294957/– 
  L. verberis Euzet et Oliver, 1967 Lithognathus mormyrus France – AF294955/– 
*Dactylogyrus extensus Mueller et Cleave, 1932 (outgroup) Cyprinus carpio Guangzhou, China 40/7 AY553619/AY553629 

 
 
 
 
Table 2. Pairwise genetic distances (estimated using the Kimura-2-parameter model; in % differences) for the C1-D2 lsrDNA sequences of the Pseudorhabdosynochus and Diplectanum  
species and Dactylogyrus extensus (outgroup). 

Species 1 2 3 4 5 6 7 8 9 10 
  1 P. coioidesis           
  2 P. lantauensis 6.89          
  3 P. epinepheli 5.88 3.91         
  4 P. seabassi  10.03 8.69 7.79        
  5 P. latesi 9.11 6.88 6.89 5.65       
  6 D. grouperi 7.48 4.18 4.05 9.30 7.47      
  7 D. blaiense 32.27 33.18 32.84 32.27 31.17 32.29     
  8 D. sillagonum 30.83 30.90 31.22 32.62 29.80 29.81 8.46    
  9 D. veropolynemi 22.67 23.07 22.77 24.60 23.63 22.91 28.45 25.28   
10 Dactylogyrus extensus 45.53 46.86 45.66 49.60 50.02 46.95 53.30 51.72 47.38  
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for transition bias, was used to estimate the distances. To obtain 
the most-parsimonious tree, the Max-Mini Branch-and-bound 
search strategy was used in MP method. The robustness of the 
inferred phylogeny was assessed using a bootstrap procedure 
with 1,000 replications. 

RESULTS 

Identification and description using morphology 
Pseudorhabdosynochus seabassi sp. n.     Figs. 1–10 

Description. Diplectanidae Bychowsky, 1957 (sensu 
Yamaguti, 1963); Pseudorhabdosynochus Yamaguti, 
1958 (sensu Cycloplectanum as amended by Bever-
ley-Burton and Suriano, 1981). Body slender; total 
length including haptor, 654 (582–727); width 233 
(164–254) at level of ovary. Tegument armed with ante-
riorly-directed scales in the posterior half of the body. 
Head region with two pairs of dissimilar eye-spots. 
Mouth median, subterminal. Pharynx subspherical, 66 
(51–73) long and 73 (45–103) wide. Oesophagus short, 
bifurcating posterior to pharynx; caeca running laterally 
to about three-quarter of body length, not joined at pos-
terior end (Fig. 1). 

Haptor 148 (140–192) long, with one ventral and one 
dorsal squamodisc, two pairs of hamuli, three bars, 14 
marginal hooklets. Dorsal and ventral squamodiscs 111 
(103–133) long and 140 (125–162) wide with 11–12 
concentric rows of elements, none of which are com-
pletely fused (Fig. 9). Dorsal hamuli 41 (40–42) long 
(Fig. 5) and ventral hamuli 52 (45–56) long (Fig. 4). Two 
dorsal accessory bars 89 (86–94) long (Fig. 3); one ven-
tral transverse bar 191 (180–197) long (Fig. 2), with 
transverse groove, gradually tapering into narrow tip; 
marginal hooklets 13 (12–15) long (Fig. 7). 

Testis subspherical, posterior to ovary, intercaecal. 
Vas deferens originates from left side of testis, extending 
anteriorly before dilating to form seminal vesicle. 
Ejaculatory duct with spiral muscular bands opens into 
posterior region of MCO bulb with male accessory res-
ervoir. MCO with bulbous base, slightly oval, 47 (37–56) 
long, with four concentric layers of apparent musculature. 
Distal part of MCO tubular, 85 (56–113) long (Fig. 6). 

Ovary equatorial, intercaecal, pretesticular, distal re-
gion curved dorsoventrally around right intestinal 
caecum (Fig. 1). Vagina, 33 (28–38) in total length, is 
divided into two parts: partly sclerotized proximal part, 
lotus flower-shaped with slightly wavy rims, which may 
serve as seminal receptacle; and sclerotized distal part 
fibriform (Fig. 8). Eggs tetrahedral with rounded poles 
and long filament attached to one pole (Fig. 10). 
T y p e   h o s t : Lates calcarifer Bloch (Centropomidae). 
S i t e   o f   i n f e s t a t i o n : Gill filaments. 
T y p e   l o c a l i t y : Yangjiang (in floating sea cages), 

Guangdong, China (21°50’N, 111°58’E). 

A d d i t i o n a l   l o c a l i t y : Hainan (in floating sea cages), 
China (19°34’–20°02’N, 109°30’–53’E). 

D e p o s i t i o n   o f   t y p e   s p e c i m e n s : Holotype 
SYSZ0001374 and paratypes SYSZ0001375–84 in the 
Museum of Biology of Sun Yat-sen University, Guangdong 
Province, China; paratypes USNPC no. 95083 (four para-
type slides) in the U.S. National Parasite Collection; 5 
paratypes in the Institute of Parasitology, České Budějovice 
(coll. no. M-405). Other paratypes in the authors’ collection. 

N o.   o f   s p e c i m e n s   s t u d i e d : 50. 
E t y m o l o g y : The specific name refers to the common name 

of the fish host. 
Remarks. A survey of the literature revealed that six 

species of Diplectanidae have been described from gills 
of Lates calcarifer, namely: Pseudorhabdosynochus 
latesi Tripathi, 1955, P. monosquamodiscusi Balasuriya 
et Leong, 1995, Diplectanum narimeen Unithan, 1964, D. 
setosus Nagibina, 1976, D. paralatesi Nagibina, 1976, 
and D. penangi Liang et Leong, 1991. The new species 
can be distinguished morphologically from the above six 
species based on the different shape of haptors and ter-
minal genitalia. It is morphologically more similar to P. 
latesi and P. monosquamodiscusi than to any of the other 
species, based on the MCO structure (Fig. 13). But the 
new species can be readily distinguished from P. latesi 
and P. monosquamodiscusi by the obviously differ-
ent-shaped vagina, which is thistle-shaped in P. latesi 
with wavy rims and a projection on the posterior end 
(Liang and Leong 1991), and is hourglass-shaped in P. 
monosquamodiscusi with wavy rims opening to left of 
median line (Balasuriya and Leong 1995). The new 
species also differs from P. monosquamodiscusi, as the 
dorsal squamodisc of the latter is absent. 

Molecular phylogenetic analyses 
When performing phylogenetic analyses, the partial 

ssrDNA sequence (the ITS1 sequence was not included 
for analysis because of high interspecific variability) of 
437 bp from D. grouperi was included in the alignment 
(the sequences from P. seabassi and P. latesi are not 
included because they could not be properly amplified), 
together with sequences of the same length from P. 
lantauensis, P. epinepheli, P. coioidesis, D. sillagonum, 
D. aequans, Lamellodiscus erythrini, L. ignoratus and L. 
verberis (see Table 1). This alignment resulted in 437 
aligned positions, of which 77 are variable and 41 are 
parsimony-informative. When performing phylogenetic 
analyses using partial lsrDNA sequence data, the partial 
lsrDNA sequences of 881 bp from P. seabassi and P. 
latesi were included, that of D. veropolynemi was added, 
that of D. aequans which was relatively scarce and hard 
to amplify, was replaced by D. blaiense. No lsrDNA 
sequences of Lamellodiscus spp. are in the database, nor 
were specimens representing Lamellodiscus spp. avail-
able in the present study. The analyses were based on 916 
aligned positions, of which 470 are variable and 289 are 
informative for a phylogenetic analysis by parsimony. 
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Fig. 11. Most-parsimonious (MP) tree (a) and neighbour-joining (NJ) tree (b) obtained using partial ssrDNA sequences from nine 
diplectanid species by Max-Mini Branch-and-bound searching strategy using Dactylogyrus extensus as the outgroup. Bootstrap 
values are indicated on the branches. For NJ tree, values for Kimura-2-parameter corrected models are shown. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12. Most-parsimonious (MP) tree (a) and neighbour-joining (NJ) tree (b) obtained using partial lsrDNA sequences from nine 
diplectanid species by Max-Mini Branch-and-bound searching strategy using Dactylogyrus extensus as the outgroup. Bootstrap 
values are indicated on the branches. For NJ tree, values for Kimura-2-parameter corrected models are shown. 
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Both maximum-parsimony (MP) and the neighbour-
joining (NJ) distance methods of phylogenetic recon-
struction unequivocally place D. grouperi amongst 
Pseudorhabdosynochus using either ssrDNA or lsrDNA 
sequence data (Figs. 11 and 12, respectively). While 
there are different tree topologies when using ssrDNA 
and lsrDNA data sets, each data set yielded trees with 
identical topologies using both the MP and NJ methods 
of phylogenetic reconstruction. 

When the partial ssrDNA sequence data set was used, 
MP analysis yielded a single most-parsimonious tree 
(length = 116; CI = 0.828; RI = 0.744) with Max-Mini 
Branch-and-bound search strategy and equally-weight 
transitions and transversions, using Dactylogyrus ex-
tensus as the outgroup (Fig. 11a). Phylogenetic analyses 
using both MP and NJ methods revealed that the group 
consisting of D. grouperi and P. lantauensis was the 
sister group to the one comprising P. epinepheli and P. 
coioidesis. These two groups clustered together and were 
the sister group to that comprising D. sillagonum and D. 
aequans. A clear distinction was shown between the 
group consisting of three Lamellodiscus species and the 
group consisting of species in Pseudorhabdosynochus 
and Diplectanum (Fig. 11). 

The same phylogenetic relationship between Pseu-
dorhabdosynochus and Diplectanum as presented above 
was also indicated using partial lsrDNA sequence data 
when three species of Lamellodiscus were not included. 
The MP tree (length = 835; CI = 0.782; RI = 0.647) and 
the same topological NJ tree supported by high bootstrap 
value  are  shown  in  Fig. 12.  Pseudorhabdosynochus 
seabassi (marked with a solid circle) is phylogenetically 
more similar to P. latesi, which is in accordance with 
morphological analysis. Diplectanum grouperi grouped 
with P. lantauensis. These species and P. epinepheli 
clustered together as the sister group to the species from 
seabass. In the two phylograms derived from lsrDNA 
data, however, P. epinepheli and P. coioidesis were not 
presented as sister species, different from that when 
partial ssrDNA sequence data were used. The high 
bootstrap value, however, suggests that P. coioidesis is 
the sister group to the other four Pseudorhabdosynochus 
species and D. grouperi. The Diplectanum species (with 
the exception of D. grouperi) clearly group together (Fig. 
12b). 

DISCUSSION 

The accurate identification of diplectanids to species 
level is central to infection diagnosis and has important 
implications for studying their epidemiology and con-
trolling the diseases they cause. A total of 24 species of 
Pseudorhabdosynochus have been reported, mostly from 
Epinephelus spp. (Balasuriya and Leong 1995, Santos et 
al. 2000), prior to the present study, namely, P. ameri-
canus (Price, 1937), P. amplidiscatus (Bravo-Hollis, 1954), 
P. beverleyburtonae (Oliver, 1984), P. bocquetae (Oliver 
et Paperna, 1984), P. caballeroi (Oliver, 1984), P. 

capurroi Vidal-Martinez et Mendoza-Franco, 1998, P. 
coioidesis Bu, Leong, Wong, Woo et Foo, 1999, P. cu-
patus (Young, 1969), P. epinepheli (Yamaguti, 1938), P. 
hargisi (Oliver et Paperna, 1984), P. kritskyi Dyer, Wil-
liams et Bunkley-Willams, 1995, P. lantauensis (Bev-
erley-Burton et Suriano, 1981), P. latesi (Tripathi, 1955), 
P. magnisquamodiscum (Aljoshkina, 1984), P. melane-
siensis (Laird, 1958), P. monaensis Dyer, Williams et 
Bunkley-Willams, 1994, P. monosquamodiscusi Balas-
uriya et Leong, 1995, P. querni (Yamaguti, 1968), P. 
riouxi (Oliver, 1986), P. serrani (Yamaguti, 1953), P. 
sulamericanus Santos, Buchmann et Gibson, 2000, P. 
summanae (Young, 1969), P. vagampullum (Young, 
1969), and P. yucatanensis Vidal-Martinez, Aguirre- 
Macedo et Mendoza-Franco, 1997. 

Since Cycloplectanum Oliver, 1968 was considered a 
junior synonym of Pseudorhabdosynochus Yamaguti, 
1958, variations in haptor morphology have not been 
used as the main characters to distinguish genera (Bev-
erley-Burton and Suriano 1981, Kritsky and Bever-
ley-Burton 1986). Consequently, the structure of the 
terminal genitalia, especially the MCO, has been con-
sidered important in the identification and classification 
of diplectanid species and genera (Kritsky and Bever-
ley-Burton 1986, Balasuriya and Leong 1995, Santos et 
al. 2000). Some diplectanid species from L. calcarifer 
were placed in Pseudorhabdosynochus by Kritsky and 
Beverley-Burton (1986). However, there have been some 
controversies as to the validity of the classification of 
these species (Balasuriya and Leong 1995, Zhang J.-Y., 
Guangzhou, China; pers. comm.), as their MCOs are 
markedly different from those of the other species of 
Pseudorhabdosynochus (Fig. 13). The typical proximal 
part of the MCO in species of Pseudorhabdosynochus is 
reniform, heavily sclerotized, and divided into four 
chambers (Fig. 13 a–c), whereas diplectanids from L. 
calcarifer have a bulbous proximal region with four 
concentric layers of apparent muscular origin instead of 
the reniform structure has four compartments (Fig. 13 
d–f). In this study, partial lsrDNA sequence data were 
used to reconstruct the phylogenetic relationship of these 
two groups which have distinct difference in MCO 
morphology. The result has revealed that these two 
groups could cluster together well (Fig. 12). Therefore, 
the distinctness of the MCO structure between species of 
Pseudorhabdosynochus could be considered as an in-
trageneric difference. 

Diplectanum species are considered to be uncommon 
parasites of Epinephelus spp. (Bu et al. 1999), and so far 
only D. echinophallus Euzet et Oliver, 1965 from E. 
gigas and D. grouperi from E. coioides have been de-
scribed. In this study, however, phylogenetic analyses 
with both MP and NJ methods using both partial ssrDNA 
and lsrDNA data sets grouped D. grouperi with Pseu-
dorhabdosynochus spp. and suggested that  D. grouperi 
is the sister species of P. lantauensis (Figs. 11, 12). This 
result is inconsistent with that of morphological obser-
vations, as the MCO of D. grouperi is
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sclerotized, cup-shaped, the wide proximal part has four 
concentric muscular layers and the distal part is tubular 
(Fig. 13 g), whereas in Pseudorhabdosynochus spp., this 
organ is clearly different (Fig. 13 a–f). Similar structures 
of MCO are also found in D. echinophallus and D. 
monticellii Domingues et Boeger, 2003 from Cynoscion 
spp. (Sciaenidae) (Fig. 13 h). However, three other spe-
cies of Diplectanum used in the present study have 
typically tubular-shaped MCOs with or without a 
proximal part (Fig. 13 i–k). Though the function of the 
four concentric muscular layers in the proximal part of 
the MCO is unknown (Balasuriya 1994), we believe that 
this structure is important for understanding the evolu-
tion of these parasites. 

The 3’ terminal portion of the ssrDNA and 5’ terminal 
portion of the lsrDNA have been widely used to estimate 
phylogenetic relationships among monogeneans (e.g., 
Cunningham et al. 1995, Mollaret et al. 1997, 2000, 
Littlewood et al. 1998, Desdevises et al. 2000, Chisholm 
et al. 2001, Jovelin and Justine 2001, Olson and Little-
wood 2002). Desdevises (2001) studied the phylogenetic 
position of Furnestinia echeneis (Diplectanidae), which 
was moved to Lamellodiscus based on the V4 region of 
ssrDNA sequence, and concluded that Furnestinia and 
Lamellodiscus should be synonymized. As proposed by 
Desdevises (2001), F. echeneis is a Lamellodiscus with 
only one lamellodisc, which indicates that the taxonomy 
of the Diplectanidae mainly based on the haptoral adhe-
sive organ structure may not be appropriate. In the pre-
sent study, the phylogenetic position of D. grouperi was 
examined using two different DNA regions and the same 
results were obtained (Figs. 11, 12). We propose that D. 
grouperi from E. coioides should be included in 
Pseudorhabdosynochus as P. grouperi comb. n. based on 
robust molecular phylogenetic evidence. It appears from 
these observations that we should consider many mor-

phological characters rather than only one or few when 
addressing a taxonomic problem. Moreover, it has been 
argued (e.g., Nadler et al. 2000) that the phylogenetic 
species concept should be used for species delineation 
rather than a comparative (i.e. yardstick) approach. 

In this study, the phylogenetic positions of P. seabassi 
and P. latesi were investigated using molecular data sets 
for the first time. However, there was discordance re-
garding the relationship between P. epinepheli and P. 
coioidesis when different fragments were used, though 
there was consistency in showing the respective mono-
phyly of Diplectanum (excluding D. grouperi) and 
Pseudorhabdosynochus (including D. grouperi). This is 
not surprising because some previous studies have re-
ported similar discordance when different data sets were 
used for analysis (e.g., Cunningham et al. 1995, Little-
wood et al. 1998, 1999, Litvaitis and Rohde 1999, Mol-
laret et al. 2000, Olson and Littlewood 2002). If we want 
to better understand such discordance, more species 
should be used in estimating phylogenetic relationships 
among species and more DNA markers displaying 
various evolutionary rates should be utilized. Overall, 
given that the present study has demonstrated variation in 
the morphology of the MCO in Pseudorhabdosynochus, 
more DNA data sets should be used to study the mo-
lecular phylogeny and systematics of diplectanids, in 
particular Diplectanum species whose MCOs have an 
open cup-like proximal part and narrow tubular distal 
part, such as D. echinophallus and D. monticellii. 
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