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Abstract

This is the first detailed study assessing the morphological features of the testis and testicular sperm of members of
the freshwater blood flukes Sanguinicola sp. from Leuciscus idus (Cyprinidae) and for S. volgensis from Pelecus
cultratus (Cyprinidae), and the marine blood fluke Aporocotyle simplex from Hippoglossoides platessoides
(Pleuronectidae). The present study reports a unique feature in the distribution of germinal cellular components in
freshwater Sanguinicola sp., showing the presence of the individual spermatocytes or their clusters in the testicular
lobes, and the gathering of spermatid rosettes and spermatozoa within middle testicular lumen, which extends along
the entire length of the testis. In contrast, each testis of marine 4. simplex contains the usual mixed distribution of
germ cells at various stages of development. The first TEM data on spermatozoon character of studied species has
shown, unusual for digenean sperm structure, the absence of cortical microtubules in sperm principal region.
Moreover, a variation in axoneme patterns is revealed in the studied aporocotylids, belonging to the different
aporocotylid lineages a 9 + 0 axonemal type observed for freshwater teleost-infective species, Sanguinicola sp. and S.
volgensis, and a 9 + '1' axonemal type revealed in spermatozoa of marine teleost-infective species 4. simplex. The
results discussed with the published data on the digenean sperm structure and the testicular patterns in the
Aporocotylidae likely represent additional characteristics supporting the divergent evolutionary lineages of freshwater
and marine aporocotylids. We anticipate future morphological studies of the sperm structure in aporocotylids of three

lineages for an understanding of their phylogenetic relationships.

Key words: Testis Sperm pattern TEM Sanguinicola Aporocotyle Divergent evolutionary lineages
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Introduction

Blood flukes of the digenean family Aporocotylidae Odhner, 1912 represent an ancient and taxonomically diverse
group, distinguished by their three distinct aporocotylid lineages, chondrichthyan-infective species, marine teleost-
infective species and fresh-water teleost-infective species (Cribb et al. 2017; Pérez-Ponce de Ledn and Henandez-
Mena 2019). The pattern of the testes is a commonly quoted taxonomic feature of the Aporocotylidae (Van der Land
1967; Thulin 1980; Smith 2002; Kamegai et al. 2002; Nolan and Cribb 2005, 2006; Bullard et al. 2006, 2008; Nolan
et al. 2016; Warren and Bullard 2019, 2021). The value of such a character is considered to be also important for the
identification of the species of the genus Sanguinicola Plehn, 1905, belonging to the freshwater teleost-infective
lineage (Ejsmont 1926; Schell 1974; Guidelli et al. 2002; Kirk and Levis 1993). The number of testes or the number
of bilateral lobes of a single testis have been identified as the characteristic traits for each Sanguinicola species.
However, in the species S. inermis Plehn 1905 different authors have revealed the presence of testes (Sommerville and
Igbal 1991) or a single testis (Kirk and Levis 1993). For other Sanguinicola species, irregular-shaped testes have been
observed for S. intermedia Ejsmont, 1926 and S. armata Plehn, 1905 (see Ejsmont 1926), S. lophophora Erickson &
Wallace, 1959 and S. argentinensis Szidat, 1951 (see Erickson and Wallace 1959) and S. davisi Davis et al, 1961 (see
Davis et al. 1961). However, for freshwater S. idahoensis sp. n. (see Shell 1974) and S. platyrhynchi n. sp. (see
Guidelli et al. 2002) and for marine S. maritimus n. sp. (see Nolan and Cribb 2005), the presence of a single lobed
testis was noted. According to the diagnosis of the genus Sanguinicola by Smith (2002), the occurrence of a single
testis with deep bilateral lobes is a character of the species belonging to this genus.

The present study represents the first detailed transmission electron microscopical (TEM) observations on
the testicular structure of the freshwater teleost-infective lineage of aporocotylids, Sanguinicola sp., parasite of ides,
Leuciscus idus Linnaeus, 1758. Additionally, light microscopical observations on the testicular structure are made
for S. volgensis Rasin, 1929 infecting cyprinid freshwater sabres, Pelecus cultratus Linnaeus, 1758, and for
Sanguinicola sp. from ides. For comparison, we included the original ultrastructural data on the cytoarchitecture of
the testes for species of the marine teleost-infective lineage, Aporocotyle simplex Odhner, 1900 infecting the arteries

of the long rough dab Hippoglossoides platessoides Fabricius, 1780 (Norwegian Sea, Norway).

Material and Methods
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Specimens of Sanguinicola sp. were collected from the bulbus arteriosus leading from the heart of naturally infected
ides Leuciscus idus (Cyprinidae) and S. volgensis from sabres, Pelecus cultratus (Cypribnidae) in the Upper Volga
River Basin, Russia, during 2020 and 2021. Specimens of marine Aporocotyle simplex were obtained from branchial
arteries of the long rough dab Hippoglossoides platessoides trawled from the Norwegian Sea, Norway during 2017.

For light microscopy (LM), the specimens of Sanguinicola spp. of the abovementioned freshwater blood-
flukes were placed in 6.5% saline, killed in hot 10% buffered formalin, stored in 70% ethanol and stained with alum
carmine (Sanguinicola sp.) and Mayer's hematoxylin (S. volgensis), then dehydrated in ascending concentrations of
ethanol, cleared in dimethylphthalate and mounted in Canada balsam. Photomicrographs were taken with the aid of
a stereomicroscope system (Olympus CX 43) using phase-contrast and microimage analysis. The specimens of 4.
simplex in the collection of the Natural History Museum, London, were examined under a Leica DM5000B light
microscope and photographed with a Leica BAC450C Camera using Leica Application Suite (v. 4.6) Software.

For transmission electron microscopy (TEM), live freshwater Sanguinicola sp. from ides and S. volgensis
from sabres, and marine A. simplex were fixed using 3% glutaraldehyde in 0.1M sodium cacodylate buffer (pH 7.2)
for 10 days at 5°C, rinsed four times for 20 min periods in the same buffer and postfixed in 1% osmium tetroxide for
1h. Fixed specimens were dehydrated in a graded ethanol series, with a final change to absolute acetone and were
embedded in a mixture of Araldite and Epon. Ultrathin sections were stained with uranyl acetate and lead citrate,

and examined using a JEM 1011 microscope operating at 80 kV.

Results

Light microscopical (LM) observation of the testis of freshwater Sanguinicola sp. and S. volgensis

In the studied specimens of Sanguinicola sp., a large, irregular-shaped, lobular testis prolonged longitudinally along
the middle of the body from the posterior margin of the intestinal ceca to the ovary was observed (Fig. 1a—c). In
Sanguinicola sp. the testis is 244 — 518 (357) long and 88 — 132 (85) wide (Fig. 1a, b, d). In specimens stained with
carmine (Fig. 1a, b, d), numerous, closely packed, testicular lobes arranged in two rows relative to the middle region

of the testis may be seen. Figures 1d and 1f show the lumen of the middle testicular region to be filled with
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spermatozoa. Additionally, in Figure 1f it can be clearly seen that spermatozoa are localised in the middle testicular
region. However, posterior to the testicular field and directed towards the ovary, spermatozoa are seen inside the
sperm duct (see Fig. 2h).

In S. volgensis the testis is 339 — 565 (442) long and 69 — 183 (105) wide (Fig. 1c). Visually, the testicular
lobes of S. volgensis are located more loosely than in Sanguinicola sp. (Fig. 1¢). The different cellular compositions
of the testicular lobes and middle testicular region may be seen in Fig. le stained with Mayer's hematoxylin. The
lateral testicular lobes filled with dense cells (spermatocytes), and the rosettes of spermatids and spermatozoa in the

lumen of middle region may be distinguished (Fig. le).

TEM observation of the testis of freshwater Sanguinicola sp. from Leuciscus idus

TEM sections of the testis show irregular-shaped testicular lobes within the lumen in which spermatogonial cells are
present (Fig. 2a). Serial reconstructions of TEM sections revealed all testicular lobes to be combined into a middle
testicular lumen (Fig. 2d). The testis is covered by a rim of extracellular fibrous matrix (EM) about 0.15 pm in
thickness, which forms a continuous layer around the testis (Fig. 2b — d). Just beneath EM, a discontinuous layer of
circular muscle fibres is scattered (Fig. 2b, d). The perikarya of muscle cells with their sarcoplasmic processes
extend around the testis (Fig. 2d). Above, and in proximity to EM, the testicular wall consists of an extremely flat
cytoplasmic layer produced by somatic cells of the testis, which spreads over the entire surface of the testis (Fig. 2b,
¢, h). The cytoplasmic matrix of this flat layer is electron-dense and contains a high concentration of free ribosomes
(Fig. 2b, c). Serially, in certain parts of this layer the larger cytoplasmic areas observed give rise to long, thin
cytoplasmic processes forwarded into each of the testicular lobes (Fig. 2¢, h). Commonly, these processes of somatic
cells are intimately associated with spermatogonia and spermatocytes that occlude the lumen of each lateral
testicular lobe (Fig. 2¢, h). Along the flat cytoplasmic layer of the lobes, small clusters with spermatozoa may be
enclosed by such cytoplasmic processes (Fig. 2b).

TEM observation revealed the difference in cellular content of various regions of the testis (Fig. 2a, d). As
a rule, spermatocytes dominated in the cavity of the lateral lobes of the testis. Initially, the clusters of spermatocytes

are intimately associated with cytoplasmic processes of somatic cells, but individual cells in these small clusters do
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not appear to be connected by intercellular bridges (Fig. a, c, d, h). Furthermore, cellular bridges of spermatocytes
join the cytoplasmic compartments of adjacent cells, forming aggregates within testicular lateral lobes (Fig. 2d). The
lumen of the middle testicular region, extending along its entire length, is filled with spermatids, which are grouped
in a rosette cluster, and numerous spermatozoa (Fig. 2a, d). Each spermatid is connected by a cytoplasmic bridge to
a central cytophore of the spermatid cluster (Fig. 2d). Longitudinal and transverse sections along the length of the
sperm revealed that the spermatozoon of both species, Sanguinicola sp. and S. volgensis, exhibits two axonemes of 9
+ 0 pattern, nucleus, mitochondria and the absence of cortical microtubules (Fig. 2e - g).

The single sperm duct (vas deferens) arises from the posterior middle region of the testis passing into the
two-winged ovary (Fig. 1j). In Figure 2j it is clearly visible that the duct epithelium is a prolongation of the middle
testicular area. The epithelium of the vas deferens is thin and cellular, possessing elongated epithelial nuclei and

luminal surface lamellae (Fig. 2j).

TEM observation of the testes of marine Aporocotyle simplex from Hippoglossoides platessoides

A large number of small, densely packed, variable in shape testes fill up the space between the caecal limbs and
genital atrium (Fig. 3a, c). Each testis is bounded by a finely fibrous layer of EM, which is supported by muscle
fibres with muscle cells and their sarcoplasmic processes (Fig. 3b, ). The cellular organization of each testis is
similar, containing a distribution of germ cells in various stages of development, clusters of spermatocytes, rosettes
of spermatids and numerous spermatozoa (Fig. 3d, f, g). The spermatogonia occupy a peripheral position in each
testis (Fig. 3g). The head region of the spermatozoon contains the nucleus, mitochondrion and two axonemes, which
are composed of nine peripheral doublets and central core of 9 + 1° pattern and with the cortical microtubules
absent (Fig. 3¢). Loops of the sperm duct were observed close to the testes (Fig. 3g). The lumen of the duct is filled
with spermatozoa, the epithelial lining of which is underlaid by EM, muscle fibres with muscle cells (Fig. 3g). The

luminal surface of the sperm duct is ornamented with lamellae that extend into the duct lumen (Fig. 3g, insert).
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Discussion

Taxonomic character of the testis of aporocotylid digeneans genus Sanguinicola

The present study of the testis of two freshwater Sanguinicola species revealed the occurrence of a single testis in
these species to support previous LM investigations on freshwater blood flukes S. idahoensis by Shell (1974), S.
inermis by Kirk and Levis (1993), S. platyrhynchi by Guidelli et al. (2002) and marine S. maritimus by Nolan and
Cribb (2005). The present study is consistent with the taxonomic diagnosis of the genus Sanguinicola by Smith
(2002), according to which the testis has deep bilateral lobes. Our LM and TEM observations on Sanguinicola
species show that the bilateral lobes of the testis are highly irregular and branched in outline and it is thus difficult to
count the number of testicular lobes or the number of pairs of testes. The last mentioned taxonomic character was
used for descriptions of S. intermedia (10 pairs of testes) and S. armata (15 pairs of testes) (see Ejsmont 1926) as
well as for S. lophophora (17-18 pairs of testes) and S. argentinensis (10-20 pairs of testes) (see Erickson and
Wallace 1959). The number of testicular lobes in the testis was counted for the description of S. idahoensis (14 — 18
bilateral lobes) by Shell (1974) and S. inermis (14 — 15 bilateral lobes) by Kirk and Levis (1993). Based on our LM
and TEM study of S. volgensis and Sanguinicola sp., we propose to consider as taxonomic features the length and
width of the testis, taking into account the visible packing density of the testicular lobes in Sanguinicola species.
The testis of the studied S. volgensis is 339 — 585 (442) long and 69 — 183 (105) wide; the testis of Sanguinicola sp.
is 244 — 518 (357) long and 88 — 132 (85) wide; the testicular lobes of Sanguinicola sp. are closely packed together,
whereas in S. volgensis they are more loosely packed. Previously, the size of the testis has been reported for other
Sanguinicola species, S. platyrhynchi [1460 (1370 — 1530) long and 510 (500 — 530 wide] (Guidelli et al. 2002); S.
inermis [132—181.5 long] (Kirk and Levis 1993); S. idahoensis [495 — 624 long and 170 — 187 wide] (Shell 1974)

and marine S. maritimus [632 — 889 (722) long and 167 — 302 (234) wide] (Nolan and Cribb 2005).

Comparative cytoarchitecture of the testis of Sanguinicola sp. and testes of Aporocotyle simplex
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The present ultrastructural investigation of the testis of Sanguinicola sp., belonging to freshwater teleost-infective
species and testes of 4. simplex, belonging to marine teleost-infective species of the Aporocotylidae, revealed some
original characters in testicular cytoarchitecture of Sanguinicola sp. compared to those in 4. simplex with multiple
testes. First, we have presented for the first time the confluence of testicular lobes into the middle testicular lumen as
ultrastructural evidence of the presence of a single testis in Sanguinicola sp. Second, for the first time for parasitic
Platyhelminthes we report a unique feature in the distribution of germinal cellular components in the Sanguinicola
testis. We observed that within the lumen of each testicular lobe the individual spermatocytes or their clusters are a
dominant cellular component, intimately associated with thin cytoplasmic processes of somatic cells. However, the
middle testicular region, extending along the entire length of the testis, may be considered as a place of
spermiogenesis and sperm formation, because here the gathering of rosettes of spermatids and spermatozoa takes
place. It should also be emphasized that as shown in our TEM (for Sanguinicola sp.) and LM (for S. volgensis)
investigations, the middle testicular area is part of the testis and is not a sperm duct, following a sinuous course from
the anterior-most testicular lobes to the posterior end (see Davis et al., 1961; Shell 1974; Kirk and Levis 1993).
According to our LM and TEM study, the sperm duct of Sanguinicola sp. arises mid-line posterior to the testis as a
prolongation of the middle testicular area. TEM on the studied Sanguinicola sp. revealed that over the entire surface
of all lobes and middle lumen, the testicular wall consists of an extremely flat cytoplasmic layer produced by
somatic cells of the testis. This layer is surrounded by a continuous rim of extracellular fibrous matrix and muscle
fibres. The transition of the posterior extremity of the testis into a sperm duct is accompanied by morphological
modifications of the testicular wall to the duct epithelial lining, possessing elongated nuclei and luminal surface
lamellae.

It should be noted that both the testicular wall of the testes of marine 4. simplex and the epithelial lining of
the sperm ducts have the same fine morphology as we observed for Sanguinicola sp. In contrast, as shown in the
present TEM study, each testis of marine 4. simplex contains a mixed distribution of germ cells at various stages of
development, spermatogonia, spermatocytes, rosettes of spermatids and numerous spermatozoa into the testicular
lumen. Such cytoarchitecture of the testes has been observed in most digenean species belonging to different

taxonomic groups (see Swarnakar 2010; Bakhoum et al. 2017).
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Ultrastructural characters of the spermatozoa of freshwater Sanguinicola and marine 4. simplex

Besides testicular cytoarchitecture, we have TEM data on spermatozoon characters of three studied aporocotylids,
freshwater Sanguinicola sp. and S. volgensis, and marine 4. simplex. In these three aporocotylid species, belonging
to two different aporocotylid lineages, the principal region of their spermatozoa (i.e. the region with nucleus and
mitochondrion) has two axonemes and the absence of cortical microtubules, underlying the sperm plasma
membrane. In addition, a previous observation on the aporocotylid, 4. spinosicanalis, has shown the absence of
peripheral microtubules in the sperm sections of this species (see Justine 1995). Within the Digenea, cortical
microtubules located between the two axonemes have been observed in the majority of digenean species (Justine
1991, 2001; Bakhoum et al. 2017). Besides this pattern, digenean spermatozoa with one field of cortical
microtubules were noted in species belonging to the order Hemiuroidea (Bakhoum et al. 2017). Additional to the
aporocotylids, the absence of cortical microtubules has been recorded for spermatozoa of the didymozoid digenean
Didymozoon sp. (Justine and Mattei 1983;Bakhoum et al. 2017). It is also interesting to note that within
neodermatan flatworms the absence of cortical microtubules has been proposed for the spermatozoa of
monopisthocotylean monogeneans (Justine et al. 1985, 1993; Justine 1991, 2001). Our finding concerning the
absence of cortical microtubules in spermatozoa of studied aporocotylids, which is considered to be the most basal
group of the Digenea, should be considered as an important character for examining the phylogenetic relationships
between three distinct evolutionary lineages within the Aporocotylidae, the Aporocotylidae, Schistosomatidae and
Spirorchiidae within the Schistosomatidea.

In addition to the abovementioned characters of the sperm structure of aporocotylid digeneans, our
observation revealed a variation in axoneme patterns of the studied freshwater and marine aporocotylids. Along
most of the length of the spermatozoa of freshwater Sanguinicola sp. and S. volgensis, the 9 + 0 axonemal type is
observed. In contrast, the spermatozoa of A. simplex have the 9 + *1° axonemal type. Such variable ultrastructural
characters of the axonemal structure revealed in these aporocotylid species belonging to the different aporocotylid
lineages - marine teleost-infective 4. simplex and freshwater teleost-infective Sanguinicola sp. and S. volgensis -

may provide additional evidence for the affiliation of the studied species to divergent evolutionary lineages. Before
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the present study, in most digeneans the usual 9 + ‘1’ axonemal configuration of their spermatozoa has been
recorded (see Bakhoum et al. 2017), with the exception of schistosomes (see Jamieson and Justine 2017) and
didymozoids (Justine and Mattei 1983). It was concluded that the sperm structure of schistosomes has a single
axoneme with a diffuse central structure (Justine at al. 1993), and in didymozoids, as in aporocotylids of the genus

Sanguinicola, two sperm axonemes show 9 + 0 configuration.

Testicular patterns in the Aporocotylidae

The species belonging to the family Aporocotylidae are characterized by significant diversity in the number and
shape of the testes in their different genera (see Smith 2002). According to Smith (2002), some genera have one
testis, which may be elongate, tubular or ovoid and irregularly lobed, or with deep bilateral lobes, bilateral wings or
branches, but the number of testes in other genera can vary from two to more 200 testes. Based on the available
literature and taking into account the morphological diversity and number of testes in aporocotylids, it is interesting
to trace such variations within each of the three aporocotylid lineages, chondrichthyan-infective species, marine
teleost-infective species and freshwater teleost-infective species.

The blood flukes infecting sharks, chimaeras and rays are characterized by a single large testis, occupying
the middle 1/3 of their body and localatized immediately posterior to the intestinal bifurcation between two
intestinal caeca. This information was found for the genera Hyperandrotrema (see Smith 2002; Orélis-Ribeiro et al.
2013) and Selachohemecus (see Bullard et al. 2006) in sharks, for the genus Chimaerohemecus (see Van der Land,
1967; Kamegai et al. 2002) in chimaeras and for Aefohemecus (see (Warren and Bullard 2021) in rays. Furthermore,
the blood flukes infecting rays of the genera Orchispirium (see Bullard and Jensen 2008), Electrovermis (see
Warren and Bullard 2019), Achorovermis (see Warren et al. 2020) and Homestios (see Warren and Bullard 2021)
have a single, long testis, curving more 30 times with smooth testicular margins. Besides cartilaginous fishes,
gnathostomata of the order Acipenseriformes, for which we have knowledge on blood flukes for the genus
Acipensericola, are distinguished by a testicular column with 6 spheroid testes, each approximately equal in

diameter (see Bullard et al. 2008).

10



257 In marine teleost-infective aporocotylids, a single testis was reported for the following genera: Skoulekia
258 (see Alama-Bermejo et al. 2011), Cardicola (see Nolan and Cribb 2006, Bullard 2010, 2013; Palacios-Abella et al.
259  2021), Braya (see Nolan and Cribb 2006), Primisanguis (see Bullard et al. 2012), Psettarium (see Bullard and

260  Overstreet 20006), Ankistromeces (see Nolan and Cribb 2004), Plehniella (see Orélis-Ribeiro and Bullard 2015),
261 Cladocaecum and Kritsky (see Orélis-Ribeiro and Bullard 2016), Elopicola (see Orélis-Ribeiro et al. 2017). Smith
262 (2002) also noted the presence of one testis for the genera Parasanguinicola, Pearsonellum, Deontacylex,

263 Cruoricola and Metaplebniella. Furthermore, two testes have been reported for the following aporocotylid genera
264 Neoparacardiocola and Paracardiocola (see Smith 2002), Paracardicoloides (see Bullard 2014) and Phthinomita
265 (see Nolan et al. 2016). In the diagnosis of the family Aporocotylidae by Smith (2002), the presence of 5 testes was
266  recorded for the genus Pseudocardicola, 19-71 testes in the genus Paradeontacylix, 28-203 testes in the genus

267  Aporcotyle and more than 100 testes in the genus Pletborcbis.

268 The present LM and TEM investigation, previous LM investigations and our abovementioned summarized
269 data on the testis of freshwater teleost-infective aporocotylids reported the occurrence of a single, lobed testis in
270 species belonging to the freshwater teleost-infective lineage. The presence of a single testis is also a characteristic
271 feature of the species of chondrichthyan-infective lineages, within which two distinct morphotypes of their testis has
272 been found a large compact testis and a long, tube-like testis, curving numerous times. The greatest variations in the
273 number and morphology of the testes may be observed among aporocotylid genera of the marine-teleost infective
274 lineage. Visible morphological testicular varieties among different lineages and different genera within the family
275 Aporocotylidae may testify to the ancient position of this digenean group and the significant taxonomical diversity
276  ofthe aporocotylids within this family.

277 Interestingly, in spirorchiid turtle blood flukes of the genera Spirorchis (see Jackson et al. 2016) and

278 Enterohaematotrema (see Dutton and Bullard 2020), and in aporocotylids of the genus Acipensericola from the
279 ‘primitive fish’, paddlefish, (Polyodontidae) (see Bullard et al. 2008) the same testicular anatomy may be

280 distinguished. The three abovementioned genera have a testicular column with a variable number of testes, i.e., 4 —
281 11 testes in Spirorchis; 2 testes in Enterohaematotrema, 6 testes in Acipensericola. Surprisingly, the testis lobes
282 (alternatively regarded as individual testes) of Schistosoma numbering 3 to 6 are also arranged in the testicular

283 column (see Jones et al. 2017).
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The phylogenetic classification of the Digenea proposed by Olson et al. 2003 and Pérez-Ponce de Lednand
Hernandez-Mena (2019) show the family Aporocotylidae as paraphyletic. The recognition of three basally distinct
lineages of aporocotylids by Cribb et al. (2017) allows important new inferences with respect to aporocotylid
evolution. According to Cribb et al (2017, p. 890) ‘such a pattern would be consistent with an origin for the
Aporocotylidae (and thus the Schistosomatoidea as a whole) before the separation of chondrichthyan and
actinopterygian fish lineages, which may have occurred approximately 415 million years ago’. The importance of
morphological and molecular research on blood flukes infecting basal fishes (Chondrichthyes, Acipenseriformes,
Elopiformes and Siluriformes) for an understanding of their evolutionary origins was noted by Orélis-Ribeiro et al.
(2014). For this purpose, we anticipate future morphological studies of the testes and the structure of spermatozoa,
showing a wide structural variety, in a wide range of aporocotylid species belonging to their three basally distinct

lineages, and this is especially important for chondrichthyan-infecting species.
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Figure captions

Fig. 1 Light microscope (LM) study of testis in freshwater Sanguinicola sp. from ides, Leuciscus idus and S.
volgensis from sabres, Pelecus cultratus. a, b Dorsal view of testis of Sanguinicola sp., note numerous closely
parked testicular lobes arranged in two rows relative to the middle testicular lumen; alume carmine, phase-contrast.
¢ Dorsal view of testis of S. volgensis, note loosely parked testicular lobes; Mayer's hematoxylin. d Ventral view of
middle testicular region of Sanguinicola sp., note spermatozoa within lumen; alume carmine. e Ventral view of
testis of S. volgensis, note dense cells (spermatocytes) within lumen of testicular lobes and rosettes of spermatids
and spermatozoa within middle testicular lumen; Mayer's hematoxylin. f Ventral view of Sanguinicola sp. showing
spermatozoa within middle testicular lumen pass within sperm duct, which is above ovary. ic intestinal ceca, m#/

middle testicular lumen, ov ovary, rs rosette spermatids, s spermatozoa, sd sperm duct, # testicular lobes.

Fig. 2. TEM study of the testis of freshwater Sanguinicola sp. from ides, Leuciscus idus. a Transverse section from
testis, note testicular lobes filled with spermatocytes and the middle testicular lumen filled with spermatozoa and
rosette of spermatids. b Testicular lobe border showing EM layer and circular muscle fibres, note flat cytoplasmic
layer above EM giving rise to cytoplasmic processes which enclosed spermatozoa. ¢ Portion of testicular lobe, note
EM, flat cytoplasmic layer and thin cytoplasmic processes close to spermatocytes. d Transverse section showing
testicular lobes combined into middle testicular lumen, note a vitelline duct close to middle lumen of the testis. e, f
Transverse sections of the principal region of spermatozoa from testis of Sanguinicola sp. (e) and S. volgensis (f)
showing two axonemes of 9 + 0’ pattern and the absence of cortical microtubules. g Longitudinal section of sperm
axoneme of S. volgensis, note the absence of axonemal central core. h Section of the portion of testicular lobe
showing the processes of flat cytoplasm intimately associated with spermatocytes. j Section showing distal portion
of the middle testicular area directly continuing into sperm duct. ax axoneme of spermatozoa, cm circular muscle
fibres, em extracellular fibrous matrix, cst cluster of spermatocytes, fc flat cytoplasmic layer, // lumen of lobe, m

mitochondrion, mc muscle cell, m#/ middle testicular lumen, » nucleus, pfc process of flat cytoplasm, s
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spermatozoa, sd sperm duct, s/ surface lamellae, sm spermatids, sz spermatocytes, ¢/ testicular lobe, vc vitelline

cell, vd vitelline duct.

Fig. 3. TEM study of testes of marine Aporocotyle simplex from Hippoglossoides platessoides. a LM view of
densely packed testes between the caecal limbs. b Border of the testis bounded by thick EM layer and muscle
fibres. ¢ TEM view of the testes, note thin EM field between testes. d Rosette of spermatids and gathering of
spermatozoa within testicular lumen. e Transverse sections of spermatozoa, note axonemes of 9 + ‘1’ pattern. f
Extracellular area between testes, note extracellular matrix, muscle cell and muscle fibres. g Loop of the sperm duct
filled with sperm, EM matrix and muscle cells around duct, note adjoining testis with various germ cells, insert
Epithelial duct wall with surface lamellae. ax axoneme of spermatozoon, cc central core of sperm axomeme, ¢/
caecal limb, em extracellular fibrous matrix, ew epithelial wall of sperm duct, cst cluster of spermatocytes, mc
muscle cell, mf muscle fibres, » nucleus, s spermatozoa, sd sperm duct, s/ surface lamellae, sm spermatids, st

spermatocytes, fs testis.
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