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Morphological and ultrastructural redescription of

Chloromyxum leydigi Mingazzini, 1890 (Myxozoa: Myxosporea),
type species of the genus, infecting the gall bladder of the marine
cartilaginous fish Zorpedo marmorata Risso (Chondrichthyes:
Torpedinidae), from the Portuguese Atlantic coast
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Abstract: Chloromyxum leydigi Mingazzini, 1890, the type species of Chloromyxum Mingazzini, 1890, is redescribed based on
material found in the gall bladder of the cartilaginous fish Torpedo marmorata Risso collected from the Portuguese Atlantic coast
and its sporogonic development is described. Plasmodia and mature spores were floating free in the bile. Plasmodia are polysporic
and highly polymorphic in shape and organization. Mature spores are spherical to subspherical with a pointed anterior end, measur-
ing 12.3 £ 0.5 pm in length and 9.0 + 0.5 um in width. The spore wall is composed of two asymmetric shell valves, each bearing
4-5 elevated surface ridges. A bundle of 40-50 tapering caudal filaments extends from the basal portion of the shell valves. Four
pyriform equal-sized polar capsules, measuring about 5.3 x 3.2 um, are observed at the same level in the anterior pole of the spores,
each containing a polar filament coiled in 8-9 (rarely 10) turns. Spore morphology, tissue tropism, host species and sequences of the
SSU rRNA gene supported species identification. Since its discovery, this species has been dubiously reported from several cartilagi-

nous hosts, namely due to the poor description of its features.
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Amongst myxosporean genera, Chloromyxum Min-
gazzini, 1890 is the fourth largest, containing about 127
nominal species, most of which coelozoic in the urinary
tract and gall bladder of both freshwater and marine fishes
(Fiala and Dykova 2004, Lom and Dykova 2006, Azeve-
do et al. 2009, Casal et al. 2009, Gleeson and Adlard 2012,
Rocha et al. 2013), and less frequently in non-fish hosts
(Upton et al. 1995, Duncan et al. 2004, Jirku et al. 2006,
2011). Most reports of this genus refer to freshwater spe-
cies infecting Osteichthyes, compared to the few reports
that concern marine species (Lom and Dykova 2006). In
the marine environment, Chloromyxum species appear to
infect mostly Chondrichthyes (Pinto 1928, Kuznetsova
1977, Gioia and Cordeiro 1996, Azevedo et al. 2009, Eiras
et al. 2012, Gleeson and Adlard 2012, Rocha et al. 2013).

Morphological features displayed by the spores di-
verge between the freshwater and marine environment.
Chloromyxum species infecting marine cartilaginous fish
hosts commonly possess oval spores with an attenuated
apex and a posterior bundle of filamentous appendages

(Pinto 1928, Kuznetsova 1977, Kovaleva 1988, Gioia and
Cordeiro 1996, Azevedo et al. 2009, Gleeson and Adlard
2012, Rocha et al. 2013). Also, the genus is polyphyletic,
with the type-species clustering with the other marine
species to form a clade at the basis of the main freshwater
clade (Kent et al. 2001, Azevedo et al. 2009, Gleeson and
Adlard 2012, Rocha et al. 2013), where the freshwater
species cluster.

For many years, reports of species were solely based
on light microscopy (LM) observations and schematic
line drawings (Pinto 1928, Jameson 1929, Kuznetsova
1977, Mitchell et al. 1980, Kovaleva 1988, Gioia and Cor-
deiro 1996), which led to insufficient and incomplete de-
scriptions that in most cases ultimately became the reason
of many taxonomic confusions (Lom and Dykova 1992,
1993, 2006).

It is also the case of Chloromyxum leydigi Mingazzini,
1890, the type species of Chloromyxum, which has been
the object of many morphological reports that contributed
to an unclear description of the species (Kudo 1919, Pinto
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1928, Gioia and Cordeiro 1996). LM provides valuable
information, but only transmission electron microscopy
(TEM) allows the recognition of specific ultrastructural
features and scanning electron microscopy (SEM) per-
mits the observation of specific surface patterns and char-
acters (Lom and Dykova 1993, 2006, Jirkt et al. 2011,
Rocha et al. 2012).

The present study provides the morphological and ul-
trastructural redescription of C. leydigi based on material
collected from the gall bladder of the cartilaginous fish
Torpedo marmorata Risso captured from the northwest
Portuguese Atlantic coast.

MATERIALS AND METHODS

Eighteen specimens of the marine spotted torpedo, Torpedo
marmorata (Chondrichthyes, Torpedinidae), were sampled
between November 2010 and November 2012 from the Por-
tuguese Northwest Atlantic coast (41°25'N, 08°46'W) near the
city of Pévoa do Varzim. Upon necropsy, several organs and
tissues, including muscles, gills, liver, intestine and gall blad-
der, were analysed for the detection of myxosporean parasites.
Preliminary microscopical observations revealed the gall blad-
der as the only infected organ. The bile of the parasitized fishes
was collected and prepared for observation by LM, including
differential interference contrast (DIC) optics, TEM, SEM and
for DNA sequencing.

Transmission electron microscopy: Free spores and plasmodia
isolated from the bile were fixed in 5% glutaraldehyde buffered in
0.2 M sodium cacodylate (pH 7.4) for 24 h at 4°C, washed over-
night in the same buffer, and then post-fixed in 2% osmium tetrox-
ide with the same buffer for 3 h. After dehydration in an ascending
ethanol series ending in propylene oxide, the samples were em-
bedded in EPON. Semi-thin sections were stained with methyl-
ene blue-Azure II. Ultrathin sections were double-contrasted with
uranyl acetate and lead citrate, observed and photographed using
a JEOL 100CXII TEM, operated at 60 kV.

Scanning electron microscopy: Free spores and plasmodia
isolated from the bile were fixed in 5% glutaraldehyde buffered
in 0.2 M sodium cacodylate (pH 7.4) for 20 h at 4 °C, washed
in the same buffer at the same temperature and post-fixed in
2% osmium tetroxide with the same buffer for 3 h. The sam-
ples were then dehydrated in an ascending ethanol series, criti-
cal point dried, coated with a gold-palladium alloy (60%) and
observed and photographed with a JSM-6301F SEM, operated
at 15 kV.

DNA isolation, amplification and sequencing: Free spores
and plasmodia isolated from the bile were preserved in 80%
ethanol at 4°C. Genomic DNA extraction was performed us-
ing a GenElute™ Mammalian Genomic DNA Miniprep Kit, fol-
lowing the manufacturer’s instructions. The DNA was stored in
50 pl of TE buffer at -20°C until further use. The SSU rRNA
gene was amplified using both universal primers and myxospo-
rean-specific primers: the 5'-end with the primers 18e (5'-CT-
GGTTGATCCTGCCAGT-3") (Hillis and Dixon 1991) and
ACT4r (5'-CAATCGTGGTCGGTGCTA-3") (specific for Chlo-
romyxum species); the 3'-end with the primers ACT4f (5'-TAG-
CACCGACCACGATTG-3") (specific for Chloromyxum spe-
cies) and 18r (5'-CTACGGAAACCTTGTTACG-3") (Whipps et
al. 2003); and the overlapping region with the primers Myxo-

specF (5-TTCTGCCCTATCAACTTGTTG-3") (Fiala 2006)
and R3 (5-GATTTTGGTCTCGTTCGTTAC-3").

PCRs were performed in 50 pl reactions using 10 pmol of
each primer, 10 nmol of each dNTP, 2.5 mM MgCl,, 5 ul 10x
Taq polymerase buffer, 1.5 units 7ug DNA polymerase, and 3
ul of genomic DNA. The reactions were run on a Hybaid PXxE
Thermocycler, with initial denaturation at 95°C for 3 min, fol-
lowed by 35 cycles of 94°C for 45 sec, 53 °C for 45 sec, and
72°C for 90 sec. The final elongation step was performed at
72°C for 7 min. Five-ul aliquots of the PCR products were elec-
trophoresed through a 1% agarose 1x tris-acetate-EDTA buffer
(TAE) gel stained with ethidium bromide. The PCR products
from different regions of the SSU rRNA gene were sequenced
directly. The sequencing reactions were performed using a
BigDye Terminator v1.1 from the Applied Biosystems Kit, and
were run on an ABI3700 DNA analyzer (Perkin-Elmer, Applied
Biosystems).

Distance analysis: The amplified sequences were assembled
and the resulting consensus DNA sequence of the SSU rRNA
gene was 1852 bp. The alignment was performed with Clus-
talW in MEGA 5 software (Tamura et al. 2011), with an opening
gap penalty of 10 and a gap extension of 4 for both paired and
multiple alignments. The distance estimation, for all sequenced
Chloromyxum spp. infecting cartilaginous fish, was carried out
in MEGA 5, using the Kimura-2 parameters model distance
matrix for transitions and transversions. The number of base
differences per sequence was also estimated. In both analyses
all ambiguous positions were removed for each sequence pair,
resulting in a total of 1878 positions in the final dataset.

RESULTS
Chloromyxum leydigi Mingazzini, 1890 Figs. 1-35

Plasmodia: Plasmodia polysporic, highly polymor-
phic, spherical, oval or very irregular (Figs. 1, 2, 6-8). Di-
mensions vary greatly as a result of polymorphic nature of
these structures. Cellular membrane highly irregular with
peripheral projections (Figs. 1, 6, 7), or almost smooth
(Figs. 2, 8, 9). LM, including DIC, and TEM recognized
sequential sporogonic stages (Figs. 1-19).

Sporogonic development: During earliest stages of
sporogony, plasmodia contain generative cells, lipidic
globules and other reserve bodies; cell membrane pro-
fusely covered by microvilli (Figs. 6, 14), some of which
anastomosed (Fig. 14). During later stages of sporogony,
plasmodia containing immature spores present less mi-
crovilli (Fig. 7); plasmodia containing mature spores
rounded in shape with no peripheral projections and poor-
ly constituted cytoplasm (Figs. 8, 15). Sporoblasts recog-
nized by valvogenic, capsulogenic and sporoplasmogenic
cells (Fig. 7). Two valvogenic cells surrounding remain-
ing sporogonic cells, adhering together along suture line.
Four capsulogenic cells, each with capsular primordium,
nucleus and some paracrystallin structures, possibly pro-
teins, and enclosed within vesicles. Later stages of cap-
sulogenesis with immature polar capsules with arranged
polar filament and persistent nuclei (Fig. 16). Mature
spores within plasmodia enclosed in vacuole-like struc-
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Figs. 1-5. Plasmodia and spores of Chloromyxum leydigi from the gall bladder of Torpedo marmorata; differential interference
contrast. Fig. 1. Polymorphic plasmodium displaying highly irregular cellular membrane due to the presence of numerous peripheral
projections (arrowheads). Fig. 2. Round plasmodium containing numerous mature spores (S). Fig. 3. Spore enclosed within a cres-
cent-shaped structure (*). Fig. 4. Four polar capsules (PC) observed contained within each spore. Fig. 5. Bundle of caudal filaments
(arrows) attached to the posterior pole; notice the extruded polar filament (arrowheads).

ture (Figs. 8, 15), surrounded by slightly denser cytoplas-
matic material (Fig. 9). Mature spores released enclosed
within crescent-shaped structure (Figs. 3, 10-12, 17, 18);
caudal filaments tightly inserted (Figs. 11, 12, 19).
Spores (all measurements in mikrometres): Mature
spores spherical to subspherical with pointed anterior
end; 12.3 £ 0.5 long and 9.0 + 0.5 wide (n = 20) (Figs. 5,
13). Spore wall composed of two asymmetric shell valves
adhering together along S-shaped suture line (Figs. 20, 21,
23). Each valve with 4-5 elevated surface ridges located
in posterior half of spore, parallel to basal portion of su-
ture line and coalescing towards apical pole (Figs. 28, 30).
Bundle of 40-50 tapering caudal filaments attached to
basal portion of shell valves (Figs. 20, 26, 30, 31); more

specifically to basal ridge and suture line (Fig. 30). Cau-
dal filaments 6.5 £ 0.5 long (n =5) and ca 0.1 in diameter
(n = 10), constituted of same material composing shell
valves: two continuous dense layers, one external and one
internal, delimiting lighter middle area (Figs. 24, 25).

Four pyriform equal-sized polar capsules, 5.3 long
and 3.2 wide (n = 15), at same level in anterior pole
(Figs. 20-22), each with isofilar polar filament, ca 35
long, coiled in 89 (rarely 10) turns along inner wall, ob-
liquely arranged to longitudinal axis (Figs. 21, 22, 27).
Extrusion pores located at anterior portion of shell valves,
near suture line (Figs. 23, 29).

Sporoplasm irregular, displaying two nuclei randomly
positioned in its matrix, numerous mitochondria, lipid
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Figs. 6-13. Different stages of the sporogonic development of Chloromyxum leydigi from the gall bladder of Torpedo marmorata;
light microscopy micrographs. Fig. 6. Several polymorphic plasmodia (P) corresponding to the earliest stages of sporogonic de-
velopment, mature spores (S). Fig. 7. Plasmodium (P) displaying developing sporoblasts (Sb). Mature spore (S) located nearby.
Fig. 8. Round-shaped plasmodium (P) containing mature spores (S). Fig. 9. Detail of the dense cytoplasmatic material (arrows) sur-
rounding the spore within mature plasmodium (P); the cellular membrane (arrowheads) lacks peripheral projections. Fig. 10. Spore
enclosed within a crescent-shaped structure (*). Figs. 11, 12. Detailed aspect of the caudal filaments tightly inserted into the crescent-
shaped structure (arrows). Fig. 13. Mature spore presenting two of the four polar capsules (PC), as well as the bundle of caudal fila-

ments (arrows) attached to the posterior pole.

globules, small vesicles and some sporoplasmosomes. Fea-
tures of plasmodia, sporogonic development and mature
spores illustrated in schematic drawings (Figs. 40—43).
Sequence analysis: Pairwise comparisons among the
SSU rDNA sequences revealed significant similarity be-
tween Chloromyxum spp. infecting cartilaginous fishes,
with the sequence obtained in this study presenting low ge-
netic distance (0.003), corresponding to 5 nucleotide base
differences when compared to C. leydigi (sequence Acces-
sion No. AY604199) from Torpedo marmorata (Table 1).

Type host: The spotted torpedo, Torpedo marmorata Risso
(Chondrichthyes, Torpedinidae).

Other host: The Portuguese dogfish Centroscymnus coe-
lolepis Barbosa du Bocage et de Brito Capelo (Chondrich-
thyes, Somniosidae).

Type locality: The Mediterranean Sea.

Other localities: European coast of the North Atlantic.

Site of infection: Plasmodia and spores observed in the
bile.

Prevalence of infection: 61% (11 infected in 18 ex-
amined fishes).

Deposition of material: One glass slide with a semith-
in section displaying mature spores of this parasite is deposit-
ed in the Type Slide Collection of the Laboratory of Pathology,
at the Interdisciplinary Centre of Marine and Environmental
Research, University of Porto, Porto, Portugal, under acquisi-
tion 2013.1.

Remarks. Analysed stingrays were without macro-
scopic signs of infection, but necropsy revealed some
specimens with hypertrophic gall bladders containing
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Figs. 14-19. Transmission electron micrographs of Chloromyxum leydigi from the gall bladder of Torpedo marmorata; different
stages of sporogonic development. Fig. 14. Plasmodium (P) containing several vegetative nuclei (N) and lipidic globules (arrow),
displaying a cellular membrane completely covered with microvilli (arrowheads). Fig. 15. Plasmodium (P) with two mature spores
(S) located within vacuole-like structures (*). The cellular membrane (arrowheads) lacks peripheral projections. Fig. 16. Sporoblast
showing two valvogenic cells (Vc) adhering together along the suture line (arrowhead) and surrounding four capsulogenic cells
(%), each containing a developing capsular primordium (Cp); nuclei (N) of the capsulogenic cells remain until capsulogenesis is
completed. Notice the presence of paracrystalline structures enclosed within vesicles (arrow). Fig. 17. Oblique section of a spore
(S) enclosed within a crescent-shaped structure (*) and possessing caudal filaments (arrows) extending along the posterior pole.
Fig. 18. Transverse section of the anterior pole of the crescent-shaped structure (*) allowing the recognition of four extrusion pores
(arrows) located at the anterior pole of the spore (S), close to the suture line (arrowheads). Fig. 19. Detailed of a spore (S) showing
caudal filaments (arrows) that project from the posterior portion of the shell valves (Wa), tightly inserted into the material forming
the crescent-shaped structure.



Table 1. Comparison of small subunit ribosomal DNA sequences of Chloromyxum spp. that infect cartilaginous fish; nucleotide dif-
ference (top diagonal) and pairwise distance (bottom diagonal) obtained by Kimura-two parameter analysis.

Chloromyxum species (1) (2) 3) 4) (5) (6) (7) (8) 9 (10) (1) (12)
(1) C. leydigi (present study) - 5 16 30 48 37 36 40 38 73 125 104
(2) C. leydigi (AY604199) 0.003 - 17 31 45 38 37 41 39 72 124 105

23 20 39 32 42 35 46 68 101
32 40 22 42 50 43 69 107

(3) Chloromyxum sp. JN130384) 0.012 0.012 -
(4) C. mingazzinii ON130379)  0.022 0.023 0.017 -
(5) C. leydigi (DQ377710) 0.027 0.025 0.014 0.024

- 38 37 45 41 75 121 107
(6) C.squali (JN130381) 0.027 0.028 0.029 0.030 0.028 - 46 54 55 42 70 102
(7) C. lesteri (JN130377) 0.027 0.027 0.024 0.016 0.028 0.034 - 39 53 43 73 102
(8) C. kuhlii (JN130375) 0.029 0.030 0.031 0.032 0.033 0.040 0.029 - 65 58 77 107
(9) C. hemiscyllii (IN130374) 0.029 0.030 0.026 0.038 0.031 0.042 0.041 0.050 - 55 80 101
(10) C. clavatum (JQ793641) 0.041 0.040 0.034 0.032 0.042 0.031 0.032 0.043 0.042 - 130 101
(11) C. riorajum (F1624481) 0.073 0.072 0.050 0.053 0.070 0.053 0.055 0.058 0.062 0.076 - 114
(12) C. myliobati (IN130380) 0.080 0.080 0.077 0.083 0.082 0.078 0.078 0.082 0.079 0.077 0.088 -

Figs. 20-25. Transmission electron micrographs of Chloromyxum leydigi from the gall bladder of Torpedo marmorata illustrating
specific ultrastructural features of the spores. Fig. 20. Longitudinal section of a spore in lateral valvular view, showing two shell
valves comprising its wall (Wa), two of the four polar capsules (PC) located at the anterior pole, and the bundle of caudal filaments
(arrowheads) attached to the posterior pole. Notice the pattern formed by the surface ridges (arrows). Fig. 21. Transverse section of
a spore allowing visualization of four polar capsules (PC) and two shell valves united along an S-shaped suture line (arrowheads).
Fig. 22. Polar capsule in longitudinal section, showing polar filament (PF) coiled along the inner wall. Fig. 23. Detail of the anterior
portion of shell valves (Wa), showing an S-shaped suture line (arrowheads) and extrusion pores (arrows). Fig. 24. Longitudinal sec-
tion of caudal filaments (arrows). Fig. 25. Transverse section of caudal filaments (arrows).
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Figs. 26-31. Chloromyxum leydigi from the gall bladder of Torpedo marmorata; scanning electron micrographs. Fig. 26. Spore
showing the bundle of caudal filaments (arrows) attached to its posterior pole. Fig. 27. Extruded polar filament (arrowheads) project-
ing from the extrusion pore located at the anterior portion of the shell valves; notice the bundle of caudal filaments (arrows) attached
to the spore posterior pole. Fig. 28. Surface pattern formed by ridges positioned at the basal portion of each valve. Fig. 29. Detail
of one of the four extrusion pores (arrow) located at the anterior portion of shell valves. Fig. 30. Posterior pole of a spore showing
surface ridges and showing caudal filaments attached to the suture line and a more basal ridge of each valve. Fig. 31. Detail of caudal
filaments attached to the spore through single insertions.

brownish coloured bile. Microscopic observations dem-
onstrated parasitic infection in hypertrophied gall blad-
ders, which displayed both plasmodia and spores floating
in the bile.

DISCUSSION

The application of a range of microscopical procedures
is required to describe myxosporean specific morphologi-
cal characters fully and accurately. Since not all of these
methodologies have been consistently performed, howev-
er, many species warrant redescription, leading, in some
cases, to taxonomical revision (Lom and Dykova 1993,
2006). While several Chloromyxum species have been
described from the gall bladder of marine cartilaginous
fish, most of these reports lack the reliable and specific
data which is necessary for taxonomic and comparative
purposes (Cunha and Fonseca 1918, Pinto 1928, Jameson
1929, Kuznetsova 1977, Mitchell et al. 1980, Kovaleva
1988, Gioia and Cordeiro 1996). Indeed, with the in-
creasingly widespread use of electron microscopy (both
TEM and SEM) and DNA sequencing, the redescription
of established species has become almost as frequent as
the erection of new ones (Baska 1993, Lom and Dyko-
va 1993, Ali 1998, Fiala and Dykova 2004, Holzer et al.
2006, Abdel-Baki 2007).

In the present study, the combined use of LM, TEM
and SEM allowed the redescription of Chloromyxum ley-
digi, the type species of the genus. This species was origi-
nally described from the gall bladder of numerous spe-
cies of sharks and skates of the genera Mustellus Fischer
von Waldheim, Galeus Cuvier, Raja Linnaeus, Scyllium
Cuvier, Squatina Duméril, Torpedo Houttuyn and Trygon
Cuvier (Kudo 1919, Pinto 1928, Lom and Dykova 1992,
2006, Gioia and Cordeiro 1996). Although broad host
specificity is a known feature of several myxosporean
species (Hoffman et al. 1965, Diamant et al. 20006, Jirkd
et al. 2000), it is more likely that C. leydigi is in fact an
assemblage of several species that infect the gall bladder
of elasmobranchs (Jameson 1929, Kuznetsova 1977, Lom
and Dykova 1992, 1993, 2006), as has been shown also
for other Chloromyxum spp. (BartoSova and Fiala 2011).
This would explain why, although many morphological
features are consistent between the numerous different
reports, others remain ambiguous (Kudo 1919, Lom and
Dykova 1992).

According to the revision of myxosporean species
made by Kudo (1919), all the previous reports of C. ley-
digi referred to the presence of polymorphic plasmodia
with polysporic development and highly irregular cellular
membranes, due to the presence of peripheral projections.
Notwithstanding this broad similarity there are significant
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Figs. 32-35. Schematic drawings displaying the sequential sporogonic development of Chloromyxum leydigi from the gall bladder
of Torpedo marmorata and including ultrastructural features of mature spores. Fig. 32. Plasmodium containing generative cells and
numerous microvilli in the cellular membrane (A); plasmodium with proliferating generative cells and fewer microvilli in the cellular
membrane (B); plasmodium containing developing sporoblasts (C); plasmodium starting to disintegrate, containing mature spores
enclosed within vacuole-like structures (D). Fig. 33. Detail of the spore enclosed within a vacuole-like structure formed within the
plasmodium. Fig. 34. Spore enclosed within a crescent-shaped structure, after disintegration of the plasmodium; notice caudal fila-
ments tightly inserted into that structure. Fig. 35. Mature spore in longitudinal valvular view, detailing overall ultrastructural features.

disparities in the reports in respect to spore measurements,
as well as a striking lack of conclusive comparative mor-
phological characters (Kudo 1919, Pinto 1928, Lom and
Dykova 1992, Gioia and Cordeiro 1996). In these circum-
stances, it is therefore reasonable to assume that C. leydigi
constitutes nothing but a name attributed to every indi-
vidual species found infecting the gall bladder of related
hosts.

Finally, however, the species gained molecular identity
through sequencing of the SSU rRNA gene of samples
from the gall bladder of Torpedo marmorata captured
from the Mediterranean Sea (Fiala and Dykova 2004),
and later from the gall bladder of Centroscymnus coe-
lolepis Barbosa du Bocage et de Brito Capelo captured
from the North Atlantic (Fiala 2006).

These studies did not include morphological charac-
terization, however, with only one scaled line drawing of
C. leydigi from T. marmorata in Fiala and Dykova (2004)
and one DIC micrograph of C. leydigi from Centroscym-
nus coelolepis in Fiala (2000).

In our study, the spores and polar capsules are smaller
and the valves display fewer surface ridges than those

considered by Lom and Dykova (1992, 2006) to repre-
sent C. leydigi sensu stricto. They concur, however, with
the measurements and pattern of surface ridges given by
Fiala and Dykova (2004) for C. leydigi infecting T. mar-
morata, albeit slightly smaller than the few spores de-
picted in the DIC micrograph provided by Fiala (2006)
for C. leydigi from Centroscymnus coelolepis. Hence, the
present study provides the first comprehensive data based
on LM, TEM and SEM observations for the vegetative
stages and spores of Chloromyxum leydigi.

Although often neglected in the description of myxo-
sporean species, analysis of sporogonic development can
provide valuable supplementary information to assist the
distinction of individual species. During sporogony, plas-
modia undergo many morphological and ultrastructural
alterations, which vary according to tissue tropism. In
coelozoic species, such as C. leydigi, plasmodial develop-
ment is usually associated with variations of shape and di-
mension, as well as the occurrence of significant surface
modifications through the differentiation of peripheral
projections, probably related to nutritional intake, trophic
functions and motility (Lom 1969, Lom et al. 1986, Sitja-



Bobadilla and Alvarez-Pellitero 1993, 2001, Lom and
Dykova 1995, 1996, Canning et al. 1999, Rocha et al.
2011, Alama-Bermejo et al. 2012).

These kinds of alterations broadly concord with those
observed here for C. leydigi. Early plasmodial stages
were highly polymorphic and the cellular membrane con-
tained peripheral projections. As the plasmodia evolved,
however, the number of peripheral projections decreased,
becoming completely absent so that the plasmodia were
round-shaped and contained mature spores. The release
of mature spores within crescent-shaped structures could
be an additional protective measure for spores outside of
the plasmodium. However, further microscopic analyses
of these structures are necessary in order to assess the vi-
ability of this conjecture. The most plausible origin for
the crescent-shaped structures is that they constitute the
remnants of the vacuole-like structures surrounding the
spores within the plasmodia. In turn, the vacuole-like
structures possibly arose from the residual cytoplasm
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