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Abstract 

 
The ultrastructure of the mature spermatozoon of polyopithocotylean Pricea sp., a parasite of 

Scomberomorus commerson was studied by transmission electron microscopy. The spermatozoon is 

composed of two parallel axonemes, of the 9 +“1” pattern, one mitochondrion, a nucleus, cortical 

microtubules. The main characteristics of this spermatozoon are the presence of one mitochondrion, 

the two axonemes, which are of unequal length, and the cortical microtubules extend almost the entire 

length of the spermatozoon.The present study indicated that spermatogenesis is connected to a 

common cytophore. Spermiogenesis and the structure of the filiform sperm of Pricea sp conform to 

the typical polyopisthocotylean pattern. Ultrastructural features are also discussed and compared to 

other the monogeneans. 
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Introduction 

 

Comparative spermatology is great contribution to 

interpret phylogeny of platyhelminths. Therefore, 

to understand the relationships between species and 

their phylogeny, research can be carried out only 

on extant taxa, and has included both 

morphological and ultrastructural data (Brooks et 

al., 1985; Ehlers, 1985; Brooks, 1989; Rohde, 

1990; Brooks and McLennan, 1993; Hoberg et al., 

1997, Justine, 2001; Baˆ et al., 2011), and more 

recently, molecular analysis (Littlewood et al., 

1998; Olson et al., 2003; Olson and Tkach, 2005). 

Ultrastructural studies have identified distinct 

patterns of spermatogenesis amongst higher taxa 

and morphological variations in sperm structure 
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have been used to distinguish species (reviews by 

Justine 1991a, b, 1993a). The ultrastructural 

characters of the male reproductive system, and 

especially the spermatozoon (e.g., the structure [the 

9+“1” pattern of Trepaxonemata], the number of 

axonemes, the number of mitochondria, and the 

spiralled or parallel disposition of cortical 

microtubules), have been utilized for the estimation 

of phylogenies based only on these characters 

(Euzet et al., 1981; Justine et al., 1985; Justine, 

1991a, 1997; Baˆ and Marchand, 1995; Levron et 

al., 2010). Within the Monogenea, most variation 

in sperm structure occurs within the 

Monopisthocotylea (three distinct patterns) and 

there is much greater uniformity by Justine 1993a). 

For comprehensive phylogenetic studies, it is 

important to extend the number of species analysed 

(Justine 1993b). Polyopisthocotylean sperm 

morphology has been examined in taxa 

representative of 17 of the 32 families 

recognised by Boeger and Kritsky (1993) (see 

Justine 1995). Among the Discocotylinea, sperm 

structure has been examined in two of the six 

families, and this includes the highly aberrant 

aflagellate sperm of Diplozoon gracile, in addition 

to the more typical sperm of Diclidophora  

merlangi and Choricotyle pagelli (review in 

Justine 1995). The aim of the present study is to 

compare the ultrastructure of the spermatozoon of 

Pricea sp. with that of the other parasitic flatworms 

in general and monogeneans in particular in terms 

of the principal criteria used in the phylogeny of 

the Platyhelminthes. Moreover, we hoped to 

distinguish ultrastructural characteristics that could 

be used in monogenean phylogeny. 

 

 

Materials and methods 

 

Live specimens of polyopithocotylean Pricea sp. 

were isolated from the gills of fish specimens of 

Scomberomorus commerson caught by trammel 

nets from Mediterranean sea at Raass Elbar  City, 

Egypt.  Live specimens of polyopithocotylean 

Pricea sp. were isolated from the gill filaments and 

washed in filtered sea water. They were kept for 30 

minutes in the refrigerator (at about 4ºC) fixed for 

3-4 hours  in cold (4°C) 4% glutaraldehyde in 0.2 

M sodium cacodylate buffer at pH 7.4. The 

specimens were rinsed in 0.2 M sodium cacodylate 

buffer at pH 7.4, post-fixed in cold (4°C) 1% OsO4 

in the same buffer for 1 h, dehydrated in graded 

series of ethanol and propylene oxide, and 

embedded in Spur resin. Ultrathin sections (60–90 

nm in thickness) were cut on a Leica Ultracut UCT 

ultramicrotome, placed on copper grids, and 

double-stained with uranyl acetate and lead citrate 

according to Reynolds (1963). Grids were 

examined under a JEOL 1010 transmission electron 

microscope at 80 kV. 

 

 

Results 

 

The morphology of Pricea sp. by transmission 

electron microscopy shows that the testes of 

Pricea sp is composed of numerous follicles, 

located in the posterior half of the body between 

the intestinal caeca. Each follicle includes different 

stages of cellular development of 

spermatogenesis. The primary spermatogonia are 

often found at the periphery of each follicle and 

produce primary spermatocytes by mitotic 

divisions. The secondary spermatocytes are 

formed also, by the mitotic divisions. The 

spermatids are produced by meiosis from the 

spermatocytes and each one differentiates into a 

mature spermatozoon. 

 

Spermatogonia  

 

The spermatogonia nuclei appear oval or elongated 

with dense spots of chromatin distributed 

throughout the nucleoplasm. (Fig. 1). The nucleus 

contains irregular clumps of heterochromatin 

scattered throughout a nucleoplasm. Few 

ribosomes are attached to the nuclear envelope. 

The cytoplasm matrix is electron dense due the 

presence of ribosomes, disposed in rosettes or 

polysome-like. Mitochondria and cisternae of 

endoplasmatic reticulum are present in cytoplasm 

(Figs 2,6). Transmission electron microscopy 

indicated that differentiating spermatids are 

connected by a single cytophore (Fig. 5). The 

spermatids are tightly compressed, therefore, the 

precise number of them in a cluster is not known, 

but 64 differentiating spermatids are recorded in 

other polyopisthocotyleans. During spermiogenesis, 

conformational changes occur in the chromatin and 

nucleus shape of early spermatid (Figs.2, 4, 7). 

Mitochondria are enlarged with short cisternae and 

they may contain lamellar whorls. Sheets of ER 
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and free ribosomes are abundant in the electron-

lucent granular cytoplasm (Fig.2). The nucleus 

decreases in volume, chromatin condenses into 

lamellae which become organized into scroll-like 

twisted configurations interspersed with 

interchromatin granules (Fig.7). Further 

elongation of this outgrowth in the zone of 

differentiation (ZD) results in formation of the 

spermatozoan cell body. The centrioles give rise to 

two free flagellae, and meanwhile the two striated 

rootlets (Fig.3) .Two basal bodies develop either 

side of an intercentriolar body (Fig.5).  

 

 

 
 

Fig. 1 Spermatogenesis of Pricea sp. Spermatogonia 

(Sg) in periphery of the testes, showing heterochromatic 

nuclei (N), endoplasmatic reticulum cisternae (black 

arrow), free ribosomes (R) and large vesicle (v), 

developing spermatid (Dv) . Scale bar = 0.5 µm. 

 

 

 
 

Fig. 2. Spermiogenesis of Pricea sp.. Early spermatid 

with prominent nucleus (N), the nuclear  envelope is thick 

on the external side ( arrows ) and mitochondria (m) 

cluster. Spermatid nucleus undergoing initial stages of 

elongation. Scale bar = 0.5 µm.   

 
 

Fig.3. Spermiogenesis of  Pricea sp. A: transversal and 

longitudinal sections of spermatids at the zone of 

differentiation showing lateral roots (Ro) of spermatid. 

Scale bar = 1µm. 

 

 
 

Fig. 4. Spermiogenesis of Pricea sp.: Transverse 

sections of spermatids nuclei, presenting lamellar and 

granular chromatin (arrows), and mitochondria (m) . 

Scale bar = 0.5 µm.   

 

 

Mature spermatozoa 

 

The sperm of Pricea sp. is filiform and conforms to 

the typical polyopisthocotylean pattern, i.e, 

composed of two parallel axonemes, 

mitochondrion, nucleus and cortical microtubules. 

Two axonemes (Figs.8, 11, 12) extend the majority 

of the length of the spermatozoon, but they are of 

slightly unequal length, one extending further the 

other. Each axoneme consists of 9 peripheral 

doublets of microtubules surrounding a central 

core, the so called 9+ "1" arrangement. The central 

core is connected with peripheral doublets of 

microtubules by fine radial fibers. An observation 

of cross-section of a duct containing sperm reveals 
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numerous cross sections of spermatozoa. Some of 

them display only a single axoneme (Figs.8, 9, 10, 

13); two axonemes with nucleus, mitochondrion 

and ring of peripheral microtubules (Fig. 12) ; two 

axonemes with nucleus (Fig. 12)  or two axonemes 

without nucleus (Fig. 11); two axonemes with or 

without mitochondrion (Fig. 11); the microtubules 

sheath interrupted around the axoneme (Fig. 11) 

and a complete ring of cortical microtubules 

around the axonemes (Figs., 11,12). It is interesting 

that transversal section in sperm is composed of 4 

axonemes (Fig.10). 
 

 

 
 

Fig. 5. Spermiogenesis of Pricea sp.: Transversal and 

longtudinal sections showing differentiating spermatids 

are connected to common cytoplasmic mass (cs), 

mitochondrionia (m), and late spermatid with basal 

bodies (bb) and axonemes either side of the 

intercentriolar body (icb) . Scale bar = 0.5 µm.   

 

 

It will be seen from transverse sections (Figs.8, 

9, 11, 12, 13) of Pricea sp. that at one end of the 

sperm contain only the main axoneme whereas 

transverse sections at the opposite end of the sperm 

contain two axonemes with nucleus and a complete 

ring of cortical microtubules around the axonemes. 

Previous authors (e.g Justine and Mattei, 1984) 

have regarded the centriolar end of the sperm as 

“anterior" and this convention will be followed in 

the present account. The main region of 

spermatozoon contains the two axonemes the 

nucleus, the mitochondrion and a row of 

microtubules, which support the plasma membrane. 

At the posterior extremity of the spermatozoon, the 

nucleus was found to be accompanied by two 

axonemes and a complete ring of cortical 

microtubules (Fig. 12). Some spermatozoa profiles 

containing both axonemes were observed with a 

lateral flange (Fig. 8). This protuberance, formed 

from a fold of the plasma membrane, did not exhibit 

any external ornamentation. The flange was 

observed on either the left or right side of each 

spermatozoon, but no bilateral projections were 

recorded 
 

 

 
 

Fig. 6. Spermiogenesis of Pricea sp. A - Early spermatid 

with prominent nucleus (N) and mitochondria (m). 

Endoplasmic reticulum (er), free ribosomes and 

numerous vesicles (V) fill the granular cytoplasm. 

Scale bar = 0.5 µm.   

 

 

Discussion 

 

The present study indicated that spermiogenesis 

and the structure of the filiform sperm of Pricea sp. 

conform to the typical polyopisthocotylean pattern. 

The main characteristics of this spermatozoon are 

the presence of one mitochondrion, two axonemes, 

of the 9 +“1” pattern, which are of unequal length, 

and the cortical microtubules extend almost the 

entire length of the spermatozoon.The spermatozoa 

of  Pricea sp. have a plesiomorphic structure (two 

free axonemes) and in this respect, they cope with  

to the pattern found in other polyopisthocotylean 

monogeneans, digeneans and aspidogastreans 

(Justine et al. 1993, Watson 1997, Cable and 

Tinsly, 2001). Justine et al. (1985) distinguished 

four patterns of spermatozoa in the Monogenea. 

Their pattern I ,characterized by two axonemes and 

a row of cortical microtubules, is presumed to be 

the ancestral one from which the remaining three 
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patterns are derived: pattern 2 by the reduction of 

the cortical microtubules, pattern 3 through the loss 

of one of the two axonemes and most of the 

cortical microtubules and pattern 4 by means of the 

reduction of one axoneme and all cortical 

microtubules.  
 

 

 
 

Fig. 7.  Spermiogenesis of Pricea sp. Spermatids 

undergoing nuclear condensation. Fine granules (arrows) 

amongst the characteristic scroll-like configurations of 

chromatin, Scale bar = 0.5 µm.   

 

 

 
 

Fig. 8. Spermiogenesis of Pricea sp. whorls of mature 

spermatozoa (arrows) tend to lie internally Note. Lateral 

protrusion (arrow heads) of mid-region of late spermatid 

(immature spermatozoa) . Scale bar = 0.5 µm.   

 

 

Spermiogenesis in Pricea sp. in the present 

study, involves: 1) formation of zones of 

differentiation on the cytophore surface, 

characterised by two free flagella derived from 

basal bodies, 2) elongation of the nucleus and 

mitochondrion into the developing sperm body. It 

is likely that gametes of Pricea sp. undergo the 

typical mitotic and meiotic cell divisions 

producing 64 spermatids from each cluster. The 

number of spermatids produced during each cycle 

of spermatogenesis is variable among 

monogeneans but it is 64 in most species (Justine 

et al. 1993, Watson 1997).  

 
 

 
 

Fig. 9. Longitudinal and transversal sections of 

spermatozoa of Pricea sp. A  single axial unit with 9 + 

“1”. Scale bar = 0.5 µm.   

 

 
 

Fig. 10. Longitudinal and transversal sections of 

spermatozoa of Pricea sp. showing a complete ring of 

cortical microtubules around 4 axonemes (arrows). Scale 

bar = 0.2 µm. 

 

 

The persent study reveals the presence of 

unulating membrane restricted to a short region of 

the spermatozoon. Undulating membranes are 
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found in the polyopisthocotyleans Concinnocotyla 

australensis (see Watson et al. 1995), Gotocotyla 

acanthura (see Justine and Mattei 1985), 

Gonoplasius sp. (see Rohde and Watson 1994), 

was detected in Discocotyle. sagittata sperm by 

Cable  and Tinsley (2001) and in the 

monopisthocotylean Macrogyrodactylus polypteri 

by Schmahl and Elwasila ( 1992). Undulating 

membranes are found in the aspidogastreans 

Multicotyle purvisi (see Watson and Rohde 1995) 

and Lobatostoma manteri (see Rohde et al. 1991). 

The undulating membrane of platyhelminth sperm 

probably contributes to spermatozoan mobility 

(Justine and Mattei 1985). Watson et al. (1995) 

suggested that the position of undulating 

membranes might be of phylogenetic significance. 

 
 

 
 

Fig. 11. longitudinal and transversal sections of 

spermatozoa of Pricea sp. showing: , 1), two axonemes 

with mitochondrion,  2) only  two axonemes;  3) single 

axoneme; 4) the microtubules sheath interrupted  and a 

complete ring of cortical microtubules around the 

axonemes ( arrows),. A, axial unit; ce, centriole. Scale 

bar = 0.5 µm.   

 

 

The unusual transverse profile of 4 axonemes in 

Pricea sp. sperm, under investigation, is interesting 

phenomena. Mackinnon and Burt (1984) found 1 to 

8 axonemes in the sperm of pseudophyllidean 

cestode Botbrimonus sturionis. This corresponds to 

the increased number of axonemes in mature sperm 

of for which four kinds of explanation are possible 

1) it may be an artifact, which – however - is 

unlikely since fixation seems to be good; 2) it may 

be due to natural disintegration and fusion of aging 

sperm; 3) it may be due to back folding of sperm 

along part of its length; 4) it may be genuinely 

multi-axonemal. In many cases, however, natural 

aging is possible explanation of large numbers of 

disintegrating sperm in the vicinity of spermatozoa 

with increased numbers of axonemes.  
 

 

 
 

Fig. 12.   Longitudinal and transversal sections of 

spermatozoa showing: 1), two axonemes with 

mitochondrion and nucleus; 2), two axonemes with 

nucleus , nucleus (N), mitochondrion (m) 

 Scale bar = 0.2 µm.  

 

 

 
 

Fig. 13. Longitudinal and transversal sections of 

spermatozoa of Pricea sp. Scale bar = 0.5 µm.   

 

 

Undulating membranes are found in the 

polyopisthocotyleans Concinnocotyla australensis 

(see Watson et al. 1995), Gotocotyla acanthura (see 

Justine and Mattei1985), Gonoplasius sp. (see 

Rohde and Watson 1994), are not found in the 

current study. The absence of undulating 
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membranes in the polyopisthocotylean Pricea sp. 

under investigation needs to be confirmed in 

further study. 

Nuclear location in parasitic platyhelminths is 

a matter of controversy, but the nucleus tends to 

be described as posterior as this region is last to 

enter the oocyte during fertilization (Justine 1995, 

Justine and Mattei 1984). Alternatively, the antero-

posterior orientation of spermatozoa is expressed in 

proximal-distal terms, the distal tip of the 

spermatid defined during spermiogenesis with 

respect to the cytophore (e.g. Ishida et al. 1991). 

The nucleus of Pricea sp. under investigation 

extends to the posterior location. 

The present study has revealed the presence of 

cortical microtubules extending under the plasma 

membrane along the length of the spermatozoon. 

Justine et al. (1985) found that sperm pattern 2 of a 

capsalid species is brought about by the loss of the 

cortical microtubules at the beginning of the 

spermiogenesis and concluded that sperm pattern 2 

is derived from pattern 1. This is in turn indicates 

that the capsalids have an early type of sperm 

pattern 2, and likewise that the capsalids represent 

an early intermediate step in monogenean 

evolution. Bayoumy and Abd El- Monem (2011) 

found that, certain transverse sections of 

Lamellodiscus diplodicus showed microtubules 

inside the sperm membrane. Similar finding were 

reported by Justine and Mattei (1985) in case of 

monopithcotylean parasite, Loimosina wilsoni; by 

Bayoumy et al. 2005) in case of Pseudohaliotrema 

plectocirra and by Levron et al. (2009) in case of 

the diphyllobothriidean worm, Ligula intestinalis. 

Bayoumy and Abd El- Monem (2011) considered 

the cortical microtubules of Lamellodiscus 

diplodicus as reinforcement elements. 
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 عزتًاىَيخص اى

 

 

 

ىيطفييً وحيذ اىعائو ٍِ خْس ىحيىاُ اىَْىي اىثاىغ اووصف رنىيِ اىحيىاّاخ اىَْىيح اىرزمية اىذقيق ى

 اىَرطفو عيً خياشيٌ اسَاك اىذراك تَصز اىثزيسا
 

 

خضزعثذ اىعشيش 
1

تهْساوٌ ، ٍحَذ
1

اىثنىششج ئ، فا
2

 
1 

 ، ٍصزدٍياطقسٌ عيٌ اىحيىاُ، مييح اىعيىً، خاٍعح 
2 

 يح اىعيىً، خاٍعح اىَزقة، ىيثياقسٌ الأحياء اىَائيح، مي

 

 

ىيحيىاّاخ  واىطىىيه ٍِ خلاه فحص اىقطاعاخ اىعزضيحىقذ أوضحد اىذراسح تأسرخذاً اىَينزوسىب الأىنرزوًّ اىْافذ 

يرنىُ أُ اىحيىاُ اىَْىي ٍنرَو اىرنىيِ  اىذراك اسَاك خياشيٌ عيً اىَرطفو اىثزيسا خْس ٍِ اىعائو وحيذ فييًىيط اىَْىيح 

ٍِ سوج ٍِ اىخيىط اىَحىريح اىرً ذَرذ تطىه اىدسٌ ٍع عذً ذساويها فً اىطىه حيث يَرذ أحذهَا اىً الأٍاً قييلا ٍِ الآخز  

واىعذيذ ٍِ الأّيثثاخ اىذقيقح . مَا أوضحد اىذراسح ىيَزاحو اىَثنزج ىرنىيِ اىحيىاُ  ومذىل وخىد ٍيرىمىّذريىُ ٍفزد

رشاته وذرطاتق ٍع اىْظاً اىعاً اىََيش ىْفس اىَزحيح ىيحيىاّاخ اىَْىيح ىيذيذاُ الأخزي اىرً ذْرًَ ىْفس ذاىَْىي أّها 

 .حيذج اىعائوٌ ٍْاقشح اىْرائح ٍع ٍيثلاذها ٍِ اىذيذاُ اىطفيييح وذاىعائيح وقذ 
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