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oratori de Parasitologia, Departament de Microbiologia i Parasitologia Sanitàries, Facultat de Farmàcia, Universitat de Barcelona, Av.
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partament de Ciències Ambientals, Facultat de Ciències, Universitat de Girona, Campus de Montilivi, sn, E17071 Girona, Spain

 T I C L E I N F O

le history:

ived 22 April 2013

pted after revision 1 June 2013

lable online 23 July 2013

ords:

oda

riocephalidea

tobothrium crassiceps

auterine embryonated eggs

viviparity

auterine embryonic development

vage divisions

es of blastomeres

rculate eggs

y embryos

astructure

ptosis

A B S T R A C T

The early intrauterine embryonic development of the bothriocephalidean cestode

Clestobothrium crassiceps (Rudolphi, 1819), a parasite of the teleost Merluccius merluccius

(L., 1758), was studied by means of light (LM) and transmission electron microscopy

(TEM). Contrary to the generic diagnosis given in the CABI Keys to the cestode parasites of

vertebrates, the eggs of C. crassiceps, the type of species of Clestobothrium Lühe, 1899, are

operculate and embryonated. Our LM and TEM results provide direct evidence that an

operculum is present and that the eggs exhibit various stages of intrauterine embryonic

development, and in fact represent a good example of early ovoviviparity. The intrauterine

eggs of this species are polylecithal and contain numerous vitellocytes, generally � 30,

which are pushed to the periphery and remain close to the eggshell, whereas the dividing

zygote and later the early embryo remain in the egg centre. During early intrauterine

embryonic development, several cleavage divisions take place, which result in the

formation of three types of blastomeres, i.e. macro-, meso- and micromeres. These can be

readily differentiated at the TEM level, not only by their size, but also by the ultrastructural

characteristics of their nuclei and cytoplasmic organelles. The total number of blastomeres

in these early embryos, enclosed within the electron-dense eggshells, can be up to � 20

cells of various sizes and characteristics. Mitotic divisions of early blastomeres were

frequently observed at both LM and TEM levels. Simultaneously with the mitotic cleavage

divisions leading to blastomere multiplication and their rapid differentiation, there is also

a deterioration of some blastomeres, mainly micromeres. A similar degeneration of

vitellocytes begins even earlier. Both processes show a progressive degeneration of both
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1. Introduction

Clestobothrium Lühe, 1899 comprises five species,
C. crassiceps, the types-species, C. neglectum, C. gibsoni,
C. splendidum and C. cristinae. Formerly in the suppressed
order ‘‘Pseudophyllidea’’, Clestobothrium was transferred
to the newly erected order Bothriocephalidea [1,2].
Morphological, molecular and ecological data showed that
the order ‘‘Pseudophyllidea’’ consisted of two unrelated
clades [1,2]. The members of the Bothriocephalidea are
parasites of teleost fishes and comprise 46 genera
distributed into four families, the Bothriocephalidae, the
Echinophallidae, the Philobythiidae, and the Triaenophor-
idae [2]. Clestobothrium is a member of the family
Bothriocephalidae, which includes seven other genera.

Numerous transmission electron microscope (TEM)
studies have been published on the ultrastructure of
cestode embryonic development, the important role of
vitellocytes and the nourishment of cestode embryos, as
well as on the great diversity of mature tapeworm eggs [3–
15]. As far as we are aware, there have been TEM studies of
the embryonic development and eggs of only four
bothriocephalidean species, i.e. Bothriocephalus clavibo-

thrium [5,12], B. gregarious and B. barbatus [16], and
Eubothrium salvelini [8,17].

The aims of the present study are to describe the
functional ultrastructure of the eggs, the associated
vitellogenesis and the early intrauterine embryonic
development of the bothriocephalidean cestode
C. crassiceps (Rudolphi, 1819), to compare the results with

those of similar studies on other lower cestode taxa, and in
particular bothriocephalideans, and to consider any
possible phylogenetic implications.

2. Materials and methods

Live adult specimens of C. crassiceps were collected
from the intestine of the hake Merluccius merluccius (L.,
1758) (Gadiformes: Merlucciidae) caught off Roses, Girona,
Spain.

2.1. High-pressure freezing

The live cestodes were examined under a stereomicro-
scope and pieces of uterus were excised into small Petri
dishes in PBS with 20% BSA and transferred into the cavity
of a 200-mm-deep flat specimen carrier. The specimen
holder was then inserted into the rapid transfer system,
and high pressure frozen using a Leica EM PACT and stored
in liquid nitrogen.

2.2. Freeze substitution and infiltration with resin

For freeze substitution, sample holders were trans-
ferred into pre-cooled cryovials (�120 8C) and freeze
substitution was performed in anhydrous acetone contain-
ing 2% of osmium tetroxide. Using a Leica EM AFS, the
samples were maintained for 24 h at �90 8C. Hereafter, the
temperature was raised at a rate of 2 8C/h to �60 8C and then
to �30 8C. The samples were maintained at each level for 9 h

vitellocytes and micromeres, and are good examples of apoptosis, a process that provides

nutritive substances, including lipids, for the developing embryo.

� 2013 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

R É S U M É

Le développement embryonnaire intra-utérin précoce du cestode bothriocéphale

Clestobothrium crassiceps (Rudolphi, 1819), parasite du téléostéen Merluccius merluccius

(L., 1758), a été étudié en microscopie photonique (MP) et microscopie électronique à

transmission (MET). Au contraire de la diagnose générique donnée par CABI, les œufs de

C. crassiceps, espèce-type de Clestobothrium Lühe, 1899, sont operculés et embryonnés. Nos

résultats en MP et MET donnent des preuves directes de la présence d’un opercule et aussi

du fait que les œufs exhibent des stades variés de développement embryonnaire intra-

utérin, représentant un bon exemple d’ovoviviparité précoce. Les œufs intra-utérins de

cette espèce sont polylécithes et contiennent de nombreux vitellocytes, au nombre de

30 environ, qui sont poussés vers la périphérie et restent proches de la coque de l’œuf, alors

que le zygote en division et ensuite l’embryon jeune restent au centre de l’œuf. Pendant le

développement intra-utérin précoce, plusieurs divisions de clivage interviennent et

produisent trois types de blastomères, c’est-à-dire des macro-, méso- et micromères. Ceux-

ci peuvent être aisément distingués par microscopie électronique à transmission (MET),

non seulement par leur taille, mais aussi par les caractéristiques ultrastructurales de leurs

noyaux et de leurs organites cytoplasmiques. Le nombre total de blastomères dans ces

embryons jeunes, enveloppés dans les coques de l’œuf qui sont denses aux électrons, peut

atteindre approximativement 20 cellules de tailles et de caractéristiques diverses. Les

divisions mitotiques des jeunes blastomères ont été fréquemment observées en MP et MET.

Simultanément aux divisions mitotiques de clivage qui amènent à la multiplication des

blastomères et leur différenciation rapide, on observe aussi une détérioration de certains

blastomères, surtout des micromères. Une dégénération similaire des vitellocytes

commence même plus tôt. Les deux processus de dégénération des vitellocytes et des

micromères sont de bons exemples d’apoptose, un processus qui procure des substances

nutritives, dont des lipides, à l’embryon en développement.

� 2013 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.
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he original substitution medium. Specimens were then
shed three times for 10 min in fresh anhydrous acetone.
er washing, the temperature was gradually raised to
m temperature and the specimens were infiltrated with
rr resin (one part resin/three parts acetone) overnight;
owed by 1:1 for 4 h; 3:1 for 4 h and 100% resin for 4 h and
n overnight. Polymerization was carried out using heat at
C for 72 h. Ultra-thin sections were cut using a Reichert-
g Ultracut E ultramicrotome, placed on copper grids and
t-stained with uranyl acetate (2%) in methanol for 5 min

 lead citrate for 4 min. Finally, ultra-thin sections were
mined using a JEOL 1010 TEM operated at an accelerating
tage of 80 kV.
The terminology of cestode eggs and embryonic
elopes in different developmental stages is after Conn

 Świderski [18].

esults

 General egg topography

In C. crassiceps, the uterine coils are median and
inate in a large uterine sac; the uterine pore is

dioventral. Intrauterine and released eggs are smooth,
tively thick-shelled and operculate. The total number of

stomeres in these early embryos, enclosed within
tron-dense eggshells, can be up to � 20 and of various
s and ultrastructural characteristics. Mitotic division of

ly blastomeres was frequently observed at both LM and
 levels. Intrauterine eggs contain numerous vitellocytes

he egg periphery, just beneath the eggshell, with the
ly embryos generally being localized in the central parts
the egg (Fig. 1A,B). A well-defined operculum was
erved in both semi-thin sections, by LM (Fig. 1A), and in
a-thin sections (Fig. 2B), using TEM. Numerous vitello-

es were in the process of a progressive fusion, thus,
ing a vitelline syncytium (Figs. 2A,B and 3A). However,

ny of them were still surrounded by their individual
sma membrane and contained a degenerating nucleus

 very high accumulation of large lipid droplets
bedded in an amorphous, agranular cytoplasm of very

 electron-density. The degenerating lipid droplets
s. 2A,B and 3A) generally exhibit all levels of gradation
heir electron-density, reflecting very different degrees of
mical saturation, i.e. from very osmiophilic, and thus
ck in the TEM micrographs, to very osmiophobic, and
wing as white. As seen on Figs. 2A,B and 3A, important
erences occur between the cytoplasm of the blastomeres

 that of the surrounding vitellocytes. The blastomeres of
 early embryos are characterized by a highly granular
oplasm rich in free ribosomes and several small
ochondria; their nuclei contain prominent electron-
se nucleoli and numerous heterochromatin islands
domly dispersed in the karyoplasm.

 Vitellocytes

A progressive degeneration of the vitellocytes, which
ins immediately following egg formation, is accom-
ied at a later stage by a progressive degeneration of the

micromeres within the egg. Such forms of apoptosis likely
provide nutritive substances for the developing embryo.
The numerous degenerating vitellocytes, at different
stages of apoptosis, always exhibit a very translucent,
rather electron-lucent cytoplasm containing degenerating
nuclei and a high accumulation of lipid droplets under-
going various degrees of autolysis.

3.3. Blastomere fine structure and change

As indicated above, the total number of blastomeres in
the early embryos, enclosed within the electron-dense
eggshells, can be as many as � 20 and these may vary in
size and ultrastructural characteristics. Mitotic division of
early blastomeres was frequently observed at both LM and
TEM levels. Early intrauterine embryos are composed of
three types of blastomeres, i.e. micromeres, mesomeres
and macromeres (Figs.1A,B, 2A,B, 3A,B and 4A,B).

Micromeres are characterized not only by their small
size, but also by their spherical nuclei, which contain
numerous small islands of highly condensed heterochro-
matin randomly dispersed in their electron-lucent nucleo-
plasm (Fig. 4B). Their granular cytoplasm, which is rich in
free ribosomes, includes several elongate mitochondria
(Fig. 4B). Some micromeres were observed undergoing a
rapid apoptosis and were visible as dense pycnotic nuclei
when observed in semi-thin sections (Fig. 1A,B).

Medium-sized blastomeres, i.e. mesomeres, contain
spherical nuclei with numerous heterochromatin islands,
which are sometimes adjacent to the nuclear envelope but
also randomly dispersed in the nucleoplasm (Fig. 4B). Their
nuclei are embedded in a granular cytoplasm along with
numerous elongate mitochondria of various sizes
(Fig. 4A,B).

The two macromeres were the largest blastomeres
(Figs. 2A,B, 3A,B and 4A). They contain prominent nuclei
with spherical nucleoli and numerous small heterochro-
matin islands more or less randomly dispersed in a
moderately electron-dense nucleoplasm (Figs. 2A,B and
4A). Their granular cytoplasm is rich in free ribosomes and
exhibited only a few small mitochondria and several short
profiles of granular endoplasmic reticulum (GER) (Fig. 4A).

Typical mitotic division of the blastomeres was
observed in intrauterine eggs in both semi-thin
(Fig. 1A,B) and ultra-thin sections (Fig. 3A,B). Different
phases of mitotic cleavage division were most frequently
observed in typical macromeres (Fig. 3A,B).

4. Discussion

The present study shows clearly that the bothrioce-
phalid cestode C. crassiceps produces polylecithal eggs,
which at the intrauterine stage, are operculate and exhibit
various stages of early embryonation, i.e. this species
appears ovoviviparous.

4.1. The operculum and embryonation

There are conflicting reports concerning the presence or
absence of an operculum in the eggs of the species of
Clestobothrium. According to the literature, an operculum



Fig. 1. A–B. General topography of the intrauterine eggs. Two LM micrographs and inset of semi-thin sections illustrating the cellular composition and

general topography of intrauterine eggs. Note: (1) the numerous vitelline cells (Vc) and several early blastomeres of the three different types, macro- (Ma),

meso- (Me) and micromeres (Mi), of various sizes and cellular characteristic; (2) the mitotic cleavage divisions visible in some blastomeres; and (3) the

readily visible operculum (Op) in the eggshell (ES) situated in the centre of Fig. 1A. Ch: chromosomes. Colour available on the web.

Z. Świderski et al. / C. R. Biologies 336 (2013) 321–330324



Fig. 2. A–B. Low-power ultrastructure of the intrauterine egg. Note: (1) that Fig. 2A–B represents two low-power TEM micrographs showing two opposite

poles of the same egg composed of numerous vitellocytes (Vc) and the two blastomeres of the macromere type (Ma); (2) compare important differences that

occur between the cytoplasm of these blastomeres and the cytoplasm of surrounding vitellocytes; (3) note that the blastomeres are characterized by a

highly granular cytoplasm rich in free ribosomes and several small mitochondria (m); their nuclei (N) contain prominent electron-dense nucleoli (n) and

numerous heterochromatin islands randomly dispersed in the karyoplasms; (4) note the numerous degenerating vitellocytes at different stages of

apoptosis that exhibit a very electron-lucent cytoplasm containing their nuclei and a high accumulation of lipid droplets (L), both undergoing various

phases of autolysis. AF: artefact of fixation; ES: eggshell; Op: operculum.

Z. Świderski et al. / C. R. Biologies 336 (2013) 321–330 325



Fig. 3. A–B. Mitotic cleavage divisions of blastomeres. (A) Entire egg composed of numerous vitellocytes (Vc) and four blastomeres (I to IV), three of which

represent typical macromeres and one of which is undergoing a mitotic cleavage division in metaphase. Inset: see enlarged detail of the mitotic cleavage

division at metaphase. (B) Central part of the egg showing an early embryo composed of four blastomeres, two of which are typical macromeres at

interphase, each one with a large, characteristic nucleus (N) containing a prominent nucleolus (n) and the numerous heterochromatin islands (Hch), and

another macromere of a larger size, showing a mitotic cleavage division at early anaphase. Ch: chromosomes; ES: eggshell; L: lipid droplets; m:

mitochondria.

Z. Świderski et al. / C. R. Biologies 336 (2013) 321–330326
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isted as absent in the generic diagnoses [19–22], an
ervation probably based on the description of the type
cies, C. crassiceps, by Cooper [23]. This fact was reflected
adros [24,see p. 87], who amended the diagnosis of this
us to include only species with anoperculate eggs. With
ard to other species, an operculum was described in
eglectum as ‘‘not seen’’ [25], present in C. gibsoni [26],
 present but inconspicuous in C. splendidum and

cristinae [27]. According to the generic diagnosis in
 chapter of Bray et al. [22] in the CABI Keys to the cestode

asites of vertebrates, the eggs are not only anoperculate
 also unembryonated. While there are different
nions concerning the presence or absence of an
rculum among bothriocephalidean species, there is
uent agreement that their freshly released eggs are
ally unembryonated, as described for C. splendidum and

cristinae [27]. However, a clear exception to this is
ibsoni, where the eggs are fully developed in the distal
rus [26]. Furthermore, in view of our observations
ve and the recent redescription of C. crassiceps [28],
ere operculate eggs were found, it is clear that the
eric diagnosis of Clestobothrium, such as that by Bray
l. [22] needs to be amended to include species with
er anoperculate or operculate and oviparous or
viparous eggs. This is, however, complicated by the

 that Azzouz Draoui and Maamouri [28] claimed to
e observed that freshly laid eggs of C. crassiceps are
ially anoperculate and unembryonated, when released

 the external aquatic environment, contradicting our
ervations. They further claim that the operculum
ears only after 11–13 days of development in water,
 only about three days before the hatching of the

acidial larva. In the present study, we have demon-
ted that the intrauterine eggs of C. crassiceps are
rculate and clearly exhibit various stages of early
bryonation, i.e. ovoviviparity.

 Vitellogenesis

One of the aims of the present study was not only to
cribe the ultrastructure of the intrauterine eggs of
rassiceps, but also to relate this to the vitellogenesis of

 parasite [29]. Vitellocytes in cestodes have two
ortant functions, i.e. eggshell formation and the
rishment of the early embryo [13,14,30]. During

tode evolution, either one of these two functions have
n intensified or much reduced in different taxa,
ending on their embryonic development, degree of
viviparity and life cycle [11,13,14,31–35]. In the
ylecithal eggs of C. crassiceps, which contain � 30
lline cells, both functions of the vitellocytes appear
ch intensified. In our previous study on vitellogenesis in

 species, cytochemical staining with periodic acid-
carbazide-silver proteinate for glycogen indicated a
ngly positive reaction for b-glycogen particles and a-

cogen rosettes, which formed several large glycogen
umulations around the large, saturated lipid droplets of
turing and mature vitellocytes [29]. It seems rather
prising that no trace of this glycogen was observed in

 eggs or eggshell-enclosed vitellocytes, which contain
y a very high accumulation of large lipid droplets

exhibiting different degrees of chemical saturation. The
only possible explanation for this is a very rapid utilization
of this glycogen in the earliest stages of egg formation.
However, the heavy accumulation of lipid droplets in the
vitellocytes of intrauterine eggs may represent important
nutritive reserves for the developing embryo [36]. These
droplets are generally considered as important energy
reserves, although this may not always be the case in
cestodes [37]. Indeed, two hypotheses prevail, i.e. they
represent (1) an energy source or (2) the waste products of
metabolism [29]. Ultrastructural studies on the coracidial
larva of B. clavibothrium showed that they functioned as
important energy reserves [12]. A marked decrease in the
amounts of lipids was observed also in the coracidia of
T. nodulosus after prolonged swimming [38,39], which was
confirmed by similar observation of a marked decrease in
the number of lipid droplets in the ciliated envelopes of
coracidia of T. nodulosus, after three days of active
swimming [40]. According to these authors, the large lipid
droplets in the ciliated envelopes of coracidia are
phospholipids [39,40]. Moczoń [41], using the cysticercoid
metacestode of the cyclophyllidean Hymenolepis diminuta,
endorsed opinion on the important role of lipids in cestode
morphogenesis. The latter author stated that: ‘‘the
utilization of neutral lipids proves both the presence of
a lipase-type enzyme(s) and of an operative b-oxidation
pathway in the cells of the cysticercoids, the latter feature
being highly indicative of oxidative metabolism of these
larvae.’’ The very heavy accumulations of large lipid
droplets, which are very abundant in the intrauterine
eggs of C. crassiceps, may be associated with the physical
and physiological adaptations that enhance the parasite’s
transmission to the next host. Until we have more
information on the cestode life cycles and both the variety
of egg types and their adaptations to different hosts and
environments, it will be difficult to judge to what extent
the ultrastructure of the vitellocytes, and particularly,
those with a large accumulations of lipids, is a reflection of
host influence, ecological adaptation or phylogenetic
relationships.

Variations in vitellogenesis and egg development in the
various cestode groups have been reviewed by Świderski
and Xylander [14]. However, studies on most groups are
still too few to make any definite judgement in terms of
their phylogenetic implications. This is especially true in
the cases of apparently distinctive features, such as the
absence of lipids in mature vitellocytes of the majority of
caryophyllidean species [11,42–44]. It seems more likely
that vitellocyte development and composition reflects the
subsequent nature of the life history of the worm and the
length of time that the egg/larva must remain viable
outside of the definitive host.

4.3. Oviparity and ovoviviparity

Closer study of the developmental state of intrauterine
eggs has shown that embryogenesis may begin before the
eggs are shed into the environment, thus, altering our
classification of the type of birth evident in some cestodes.
For example, the caryophyllidean Khawia sinensis has been
characterized, on the basis of LM studies, to be oviparous,



Fig. 4. A–B. Comparative ultrastructure of three types of blastomeres. (A) Note: (1) a typical macromere (Ma) at interphase, with a large, characteristic

nucleus (N) containing a prominent nucleolus (n) and numerous heterochromatin islands (Hch), surrounded by a relatively thin layer of highly granular

cytoplasm rich in free ribosomes, with a few short profiles of granular endoplasmic reticulum (GER) and several small mitochondria (m). (B) Central part of

the egg with an early embryo composed of six blastomeres, three of which have very numerous randomly dispersed heterochromatin islands in their nuclei,

which represent typical mesomeres (Me), and the smallest blastomere, situated in the upper part of the micrograph, which represents an early micromere

(Mi); Vc: vitellocytes.

Z. Świderski et al. / C. R. Biologies 336 (2013) 321–330328
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having unembryonated eggs [45], whereas the car-
hyllidean Wenyonia virilis, similarly as Archigetes

endiculatus [46], was originally described as having
bryonation occurring in intrauterine eggs [47]. This
ement, based on LM observations, was subsequently
ified with TEM studies on the same species [9,10].
ertheless, recent TEM studies on K. sinensis [15] have
clusively demonstrated that this species is in fact also
viviparous, since, as in C. crassiceps, there is intrauter-

 embryogenesis.

 Apoptosis

The degeneration of eggshell-enclosed vitelline cells
 several pycnotic micromeres in cestodes represents a
d example of apoptosis, or programmed cell death.
h respect to vitellocytes, once their two important
ctions, i.e. eggshell formation and the storage of
ritive reserves for the developing embryo, are com-
ted, they undergo a progressive degeneration and
olysis, which involves their cell organelles and inclu-
s. With regard to their residual lipid droplets, they
ibit different degrees of chemical saturation as they
ome reabsorbed by the differentiating embryos [48].
ptosis of both vitellocytes and some of the micromeres
 takes place during both early and more advanced
es of embryonic development and blastomere differ-

iation. As reported by Rybicka [49,50] and Świderski
,52], the degeneration of numerous micromeres results

 great reduction in the numbers of oncospheral cells, a
mon feature for both lower [5] and higher cestodes
1,52].

 Egg developmental types and their phylogenetic

lications

Can one ascribe any phylogenetic significance to the
erent types of egg development? Two types of eggs
e been described for bothriocephalidean cestodes:

those that are operculate and unembryonated in utero,
as occur in B. clavibothrium [5];
those that are anoperculate and embryonated in utero,
as occur in E. salvelini [8,17].

However, as we learn more about bothriocephalidean
 types, as exemplified by the species of Clestobothrium

ussed in this paper, it is likely that a greater variety of
 types will be found in this order. Cestode eggs may
ibit various morphological adaptations that aid trans-
sion to their various intermediate hosts in different
atic environments [4,6,53]. Furthermore, there are

ny factors that influence and promote a successful
tode life cycle [54]. Because of the complexity in terms
important and overlapping factors, such as the

rphological adaptation of eggs in relation to the nature
arasite’s intermediate host(s), the effect of different
atic environments on the life cycles or variations in life
les involving different hosts, it appears nigh impossible
istinguish adaptive factors from those that may purely
ect phylogenetic affinities.
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Cientı́fics i Tecnològics de la Universitat de Barcelona
(CCiTUB)’’, for their support in the preparation of samples,
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structure of the hexacanth larvae in the bothriocephalidean cestode
Eubothrium salvelini (Schrank, 1790) and its phylogenetic implications,
Parasitol. Int. 59 (2010) 539–548.
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Caryophyllidea), a carp parasite, Folia Parasitol. 38 (1991) 133–142.

[46] I. Motomura, On the early development of monozoic cestode, Archigetes
appendiculatus, including oogenesis and fertilization, Annot. Zool. Jpn.
12 (1929) 104–129.

[47] W.N.F. Woodland, On the genera and possible affinities of the Caryo-
phyllaeidae: a reply to Drs. O. Fuhrman and J.G. Baer, Proc. Zool. Soc.
London 1926 (1926) 49–69.

[48] D.W. Fawcett, Lipids, in : D.W. Fawcett (Ed.), An Atlas of Fine Structure:
The cell Its Organelles and Inclusions., W.B. Saunders Company, Phi-
ladelphia, London, 1966.

[49] K. Rybicka, Cell reduction in the embryonic development of the cestode
Diorchis ransomi Schultz 1940, Nature 192 (1961) 771–772.

[50] K. Rybicka, Embryogenesis in cestodes, Adv. Parasitol. 4 (1966) 107–186.
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[52] Z. Świderski, An electron microscopic evidence of the degeneration of

some micromeres during embryonic development of the cestode Cate-
notaenia pusilla (Goeze, 1782) (Cyclophyllidea, Catenotaeniidae), Zool.
Pol. 18 (1968) 469–474.

[53] L. Jarecka, Morphological adaptations of tapeworm eggs and their
importance in the life cycles, Acta Parasitol. Pol. 9 (1961) 409–426.

[54] J.S. Mackiewicz, Cestode transmission patterns, J. Parasitol. 74 (1988)
60–71.

http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0075
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0075
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0075
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0080
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0080
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0080
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0085
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0085
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0085
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0090
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0090
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0090
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0095
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0095
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0095
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0100
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0100
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0100
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0105
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0110
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0115
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0115
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0120
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0120
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0120
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0125
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0125
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0125
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0125
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0130
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0135
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0135
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0135
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0135
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0135
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0140
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0140
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0140
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0140
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0145
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0150
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0155
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0155
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0160
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0160
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0160
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0170
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0170
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0170
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0175
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0180
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0180
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0180
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0185
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0185
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0185
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0190
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0190
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0195
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0195
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0195
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0200
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0200
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0200
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0205
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0205
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0205
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0210
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0210
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0210
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0215
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0215
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0220
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0220
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0220
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0220
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0225
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0225
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0230
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0230
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0230
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0235
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0235
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0235
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0240
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0240
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0240
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0245
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0245
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0250
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0255
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0255
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0260
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0260
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0260
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0260
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0265
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0265
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0270
http://refhub.elsevier.com/S1631-0691(13)00097-8/sbref0270

	Early intrauterine embryonic development of the bothriocephalidean cestode Clestobothrium crassiceps (Rudolphi, 1819), a parasite of the teleost Merluccius merluccius (L., 1758) (Gadiformes: Merlucciidae)
	Introduction
	Materials and methods
	High-pressure freezing
	Freeze substitution and infiltration with resin

	Results
	General egg topography
	Vitellocytes
	Blastomere fine structure and change

	Discussion
	The operculum and embryonation
	Vitellogenesis
	Oviparity and ovoviviparity
	Apoptosis
	Egg developmental types and their phylogenetic implications

	Disclosure of interest
	Acknowledgements
	References


