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Abstract: Taxonomic issues within Trypanorhyncha, e.g., the inaccurate light microscopic visualisation of the hook patterns, are solv-
able by confocal laser scanning microscopy (CLSM). We applied CLSM imaging to study 7rygonicola macropora (Shipley et Hornell,
1906) and Dollfusiella michiae (Southwell, 1929) from Neotrygon caeruliopunctata Last, White et Séret from Bali, Indonesia. To illus-
trate the strength and limitations of CLSM, images of Otobothrium cysticum (Mayer, 1842) and Symbothriorhynchus tigaminacantha
Palm, 2004, both permanent mounts from a collection, were also processed. The CLSM created image stacks of many layers, and edited
with IMARIS Software, these layers resulted in three-dimensional images of the armature patterns and internal organs of both species.
BABB (benzylalcohol and benzylbenzuolate) clearing was applied to 7. macropora. We conclude that trypanorhynch cestodes stained
with Mayer-Schuberg’s acetic carmine permanently mounted in Canada balsam are suitable for CLSM, allowing detailed analyses of
museum type-material as well as freshly collected and processed worms. BABB resulted in imaging the testes in detail, suggesting
other stains to be used for CLSM in trypanorhynch cestode research. Application of CLSM for studies of other cestode groups is highly
recommended.
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A proper taxonomy relies on a precise morphologi-
cal characterisation (Theisen et al. 2017, 2018, Bray et
al. 2019, Theisen 2019) with detailed imaging of the di-
agnostic features. Molecular analyses are a common tool
in current taxonomy and phylogeny, but are not sufficient
for the identification and/or description of (new) flatworm
species (Palm et al. 2017, Theisen et al. 2017, 2018, Bray
et al. 2019, Theisen 2019). Consequently, many manuals
and standard procedures for permanent mounting, clear-
ing and staining of the different taxa and respective organs
are commonly in use for microscopic examinations (e.g.,
Klimpel et al. 2019).

The most important morphological features used to
identify trypanorhynch cestodes are the characteristic hook
patterns of the tentacles as main attachment organs (Palm
2004). Other important external morphological characters
are the shape of the scolex with its bothria, the surface ul-
trastructure with the characteristic microtriches (Chervy
2009) and the presence of the so-called bothrial pits or

grooves. Internal organs, e.g., the shape and position of
the testes are also important characters. The partial fusion
of two or four bothria as well as the surface ultrastructure
is difficult to observe in light microscopy (LM), whereas
scanning electron microscopy (SEM) can illustrate this fu-
sion, the ultrastructure and the hook patterns, especially in
smaller worms (Palm 2008). Due to its high resolution of
the surface ultrastructure and high magnification, SEM has
been widely used to study trypanorhynch cestodes (e.g.,
Palm 1995, 1997, 2004, 2008, Morales-Avila et al. 2019).
Taxonomy in trypanorhynch cestodes often relies on
rare type specimens deposited in museum collections,
fixed and stained under flattened conditions, and mount-
ed in Canada balsam. Depending on the orientation on the
slide, some important diagnostic features are difficult to see
and additional material is not available. This prevents the
use of scanning electron microscopy or molecular genetics
for in-depth analyses of the respective specimens and spe-
cies. During the 20" century new microscopic instruments
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were invented, such as confocal laser scanning microscopy
(CLSM), that results in high-resolution three-dimensional
colour images (Mulisch et al. 2015).

Developmental studies and tissue labelling of tape-
worms supported by CLSM exist (e.g., Hrékova et al. 1993,
Halton et al. 1994, Rozario and Newmark 2015) and taxo-
nomic CLSM studies on flatworm taxa, e.g., Monogenea,
are available (Petrov et al. 2015, 2016, 2017, Theisen et al.
2017, 2018, Petrov and Gerasev 2019, Theisen 2019).

Trypanorhynchs deposited in museum collections
around the world are commonly stained by Mayer-Schu-
berg’s acetic carmine (e.g., Palm 2004, Palm and Bray
2014). In combination with this stain, CLSM for morpho-
logical analyses has so far only been applied to the human
trematode Schistosoma mansoni Sambon, 1907 (Neves et
al. 2003, 2004, 2005, Silva-Leitdo et al. 2009).

The cestode fauna of newly investigated blue-spotted
stingrays Neotrygon caeruliopunctata Last, White et Séret
revealed the presence of Dollfusiella michiae (Southwell,
1929) and Trygonicola macropora (Shipley et Hornell,
1906), while Otobothrium cysticum (Mayer, 1842) and
Symbothriorhynchus tigaminacantha Palm, 2004 were
available from museum collections. We applied CLSM
for these carmine-stained worms to analyse their armature
patterns and segment morphology. The possibility to apply
CLSM for taxonomic research for the order Trypanorhy-
ncha is discussed, pointing out its many advantages, e.g.,
in comparison to other microscopic techniques, resulting
in declaring it as suitable and promising for this purpose.

MATERIALS AND METHODS

Seven Neotrygon caeruliopunctata were sampled from the
fish market Pasar lkan Tradisional Kedonganan (8.757028S,
115.168389E) on the southern Bali coast in 2017 to examine their
cestode parasite fauna following standardised methods (Palm
2004, Palm and Bray 2014). Isolated cestodes were fixed in 70%
ethanol for subsequent microscopic analyses.

Trypanorhyncha were stained with Mayer-Schuberg’s acetic
carmine (Palm 2004, Klimpel et al. 2019) with eugenol as clear-
ing agent. Stained specimens were permanently mounted in Can-
ada balsam. These mounts were examined and pictured under a
differential interference contrast (DIC) light microscope (Olym-
pus BX53) equipped with an Olympus UC30 camera and a draw-
ing tube (camera lucida).

During the examination with the DIC light microscope, the
samples were identified morphologically and morphometrically.
The morphologically important features were measured with the
help of an Olympus camera and the CellSens Dimension 1.6 soft-
ware.

A DMI 6000 CS confocal laser scanning microscope (Arg/
Kr: 488 nm, He/Ne: 543 nm) equipped with a TCS SP5 II laser
scanning unit (Leica Microsystems GmbH, Wetzlar, Germany) at
step sizes of 0.4—1.0 mm between successive scanning planes was
used. Therefore, both, Mayer-Schuberg’s acetic-carmine-stained
specimens mounted in Canada balsam and Mayer-Schuberg’s
acetic-carmine-stained specimens mounted in glycerol were
utilised and compared. For this purpose, the same preparations
were used that had previously been examined with the light mi-
croscope.
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In addition, mature segments were BABB cleared (after
Puelles et al. 2016), transferred onto a slide with glycerol for
subsequent CLSM examination. An argon laser (Ar, 65 mW
with a notch filter of 514, 561 and 633 nm) was used to study
the three different types of preparations. The optimum excitation
wavelength of carmine was Aex = 326 nm and the best emission
wavelength was Aem = 430 nm. Image stacks of approximately
200 images per figure were created. The image piles were merged
and edited with IMARIS 6.40 software (Bitplane, Zurich, Swit-
zerland). The ‘Contour Surface’ tool, ‘Blend’ tool and ‘Shadow
Projection’ tool were applied for a closer look to relevant surface
structures. Available acetic-carmine-stained and Canada balsam
mounted specimens were similarly investigated.

Additional specimens were studied with SEM at the Scanning
Electron Centre of Rostock University Clinical Medicine (de-
hydrated with a graded ethanol series, critical point dried), and
coated with gold (sputter coater EM SCD500, Leica) with a sput-
tering current of 20 mA for 199 seconds in an argon atmosphere.
A Merlin VP Compact (Zeiss) microscope was used at a voltage
of 5 kV and a working distance of 7.5-8 mm. A resolution of 1000
x 1000 pixels as well as an integration time of 500 ps was preset.

RESULTS

Examination of Neotrygon caeruliopunctata from
Balinese waters revealed the presence of two trypano-
rhynch species, Trygonicola macropora (Figs. 1, 2) and
Dollfusiella michiae (Fig. 3). The two taxa were identified
based on morphological and morphometric data (Beve-
ridge 1990, Beveridge and Campbell 1998, Palm 2004).
Both represent new locality records for Balinese waters
and a new host record for N. caeruliopunctata. The pre-
pared permanent specimens were deposited in the Berlin
Natural History Museum, Germany after examination. The
collection numbers are: ZMB E.7659 and ZMB E.7660 for
Dollfusiella michiae and ZMB E. 7661-ZMB E.7671 for
Trygonicola macropora.

The identification of the two species was carried out
with the use of a light microscope (LM), where the mor-
phological characteristics were also measured. The subse-
quent examination of the specimens with CLSM confirmed
the prior results and indentification. The measurements
were nearly identical (length of the metabasal hooks from
D. michiae measured 8—13 pm with LM and 9-13 pm with
CLSM), where the measurement of the hooks was facilitat-
ed by the 3D visualisation of CLSM.

A 3D image of T. macropora was created (Fig. 1 A).
Figures 1B and C show the bothria of 7. macropora with
the tentacles from two different angles of view. A red/cyan
shift intensified the three dimensional impression and blue/
red 3D anaglyph glasses image the figure completely three
dimensional. Figure 1D shows a mature proglottid of 7.
macropora in two different imaging modes. A more trans-
parent image in which the internal organs (testes) can be
seen (left), while only the surface of the proglottid can be
seen on the right. A proglottid brightened with BABB is
shown in Fig. 1E. The internal organs such as testes and
ovaries are clearly visible in the figure.

The comparison of the study of hook patterns of 7. mac-
ropora with different techniques is shown in Fig. 2. Figure
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Fig. 1. CLSM pictures of the trypanorhynch cestode Trygonicola macropora (Shipley et Hornell, 1906). A — Scolex with mature pro-
glottid arranged in a three-dimensional coordinate system; B — bothria with tentacles; red/cyan shift, carmine red stained; C — bothria
with tentacles; red/cyan shift, carmine red stained; D — mature proglottid, internal view and surface; carmine red stained; E — mature
proglottid; BABB cleared. Abbreviations: cp — cirrus pouch, ov — ovary, tess — testes, ut — uterus.

2A—C shows the metabasal hooks (captured with CLSM)
of T. macropora from different viewing angles (tentacles
slightly rotated from A to C). A red/cyan shift was applied
to enhance the three-D effect with 3D anaglyph glasses in
Fig. 2A and B. Figure 2C shows the metabasal hooks with-
out red/cyan shift in a coordinate system. A SEM image of
the metabasal hooks can be seen in Fig. 2D. In contrast,
Fig. 2E shows a DIC image of the hooks and Fig. 2F vis-
ualises the drawing of the hook based on light microscopy.

CLSM images of D. michiae are shown in Fig. 3, where
Fig. 3A shows the front part of the scolex of D. michiae in
transparent (Maximum Intensity Projection ‘MIP’ mode)
representation, its tentacle sheaths as well as its surface.
The metabasal armature from different angles of D. michi-
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ae are shown in Fig. 3B-D. The rotation of the tentacles
made it easy to measure the hooks. The red/cyan shift en-
hances the 3D effect with 3D anaglyph glasses, visible in
Fig. 3B and C. Figure 4D shows the basal armature without
red/cyan shift.

Acetic carmine-stained Otobothrium cysticum and Sym-
bothriorhynchus tigaminacantha were chosen for compar-
ison. Figure 4 demonstrates the application of CLSM for
museum material, which can be studied in new (three-di-
mensional) dimensions. Figure 4A illustrates O. cysticum
with a detailed view of the muscular bulbs and bothrial
pits. It is noteworthy that especially the bothrial pits, often
invisible in LM, are clearly visualised (arrows). Figure 4B
shows S. tigaminacantha, i.e., views of its scolex surface
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Fig. 2. Various methods to compare the visualisation of the hook patterns of the trypanorhynch cestode Trygonicola macropora (Shi-
pley et Hornell, 1906). A, B — tentacle shown in different angels of view to demonstrate the strength of CLSM to visualise a fixed,
mounted worm from various positions, CLSM red/cyan shift, carmine red stained; C — CLSM, carmine red stained, arranged in a
three-dimensional coordinate system; D — SEM; E — Light microscopy, carmine red stained; F — line drawing.

coloured and arranged in a three-dimensional coordinate
system. Figure 4C shows the basal armature of S. tigami-
nacantha. In comparison to Fig. 4C, Fig. 4D shows a light
microscopic image of the basal armature of S. tigamina-
cantha. Individual features were measured on a trial basis
with CLSM and compared with measurements from the
light microscope (LM); no notable differences were ob-
served here (scolex length of S. tigaminacantha LM: 1035
pm, CLSM: 1037 um; bothria length LM: 229 pm, CLSM:
228 pm; bulb length LM: 194 um, CLSM: 197 pm).
During the preparation and review of CLSM images, no
difference was observed between the images that used glyc-
erol or Canada balsam as mounting media. Consequently,
this methodological study can illustrate various cestode taxa,
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complete habitus and specialised structures, the inner organs
and the outer surface, applying various filters and coloura-
tions, in high magnification and preciseness.

DISCUSSION

In the present study we demonstrate an alternative mor-
phological identification of the trypanorhynch cestodes
while applying the confocal laser scanning microscopy
(CLSM). For this purpose, results of CLSM, DIC and SEM
are herewith briefly compared. In using the ethanol fixed,
carmine-stained worms, considered standard for cestode
morphology and taxonomy studies, several caveats should
be borne in mind. The possible effects of natural variation,
variation due to different methods of fixation (particularly
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@A

Fig. 3. CLSM pictures from the trypanorhynch cestode Dollfusiella michiae (Southwell, 1929), overview and hook patterns. A — Scolex
overview, carmine red stained, transparent Maximum Intensity Projection (MIP) mode; B, C — tentacle shown in different angels of
view to demonstrate the strength of CLSM to visualise a fixed, mounted worm from various positions, metabasal hooks ‘contour sur-
face’ red/cyan shift, carmine red stained; D — metabasal hooks ‘contour surface’, carmine red stained.

flattening), different conditions of collection (fresh, frozen,
etc.) and allometric growth (Fischthal 1978a,b) should be
considered. However, all this has to be considered for other
fixatives, stains and imaging techniques as well.

CLSM

The confocal laser-scanning microscope (CLSM) uses
fluorescence of specimens (natural or stained) to visual-
ise structures with a laser in one focus plane. It subse-
quently scans further focus planes and combines them to
a three-dimensional object. Consequently, a higher quality
of the fluorescence results in a higher image quality. The
autofluorescence of most animals is naturally too low for
CLSM, but, for instance, some hard structures (e.g., hooks,
spicules, eggs) of helminths can be autofluorescent (see,
e.g., Forge and MacGuidwin 1989, Degger et al. 2009,
Semprucci et al. 2016, Liu et al. 2021). Therefore, spec-
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imens must be stained with a fluorescent substance. In
trypanorhynch research, Mayer-Schuberg’s acetic carmine
has been frequently used as the regular staining method for
light microscopy (e.g., Palm 2004). Carmine, however, is
also used to stain chromatin in combination with CLSM
(Stockert et al. 1990). Neves et al. (2003, 2004, 2005) and
Silva-Leitao et al. (2009) successfully analysed the May-
er-Schuberg carmine-stained human pathogen Schistoso-
ma mansoni Sambon, 1907 (Trematoda) with CLSM. The
staining with Mayer-Schuberg solution and embedding in
Canada balsam resulted in good fluorescence because the
refractive index of Canada balsam (1.52—-1.53) resembles
that of glycerol (1.45), and both resemble that of the cyto-
plasm (Ross 1954). During this study, no qualitative differ-
ences were found between preparations in Canada balsam
or glycerol, so Canada balsam can used as a mounting me-
dium also for CLSM.
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Fig. 4. CLSM and LM pictures of available voucher material of trypanorhynch cestodes, carmine red stained and mounted in Canada
balsam. A — Otobothrium cysticum (Mayer, 1842), scolex with bulbs and bothrial pits (arrows); B — Symbothriorhynchus tigamina-
cantha Palm, 2004, scolex with tentacle; C — S. tigaminacantha basal armature; D — light Microscope picture of the basal armature of

S. tigaminacantha.

Figures 2 and 4 demonstrate the advantages of CLSM
compared to DIC light microscopy. Especially the compar-
ison of Fig. 4C and D shows the advantages of CLSM,
a clear image of the hook pattern could be created with
CLSM. Such a high level of detail and magnification was
not possible with the DIC light microscope. Based on the
3D reconstruction, we were able to produce an overview
image showing both the external and internal organs. It
is also possible to measure hooks based on the 3D recon-
struction of the animals by rotating the model in the com-
puter. With the light microscope, imaging of only a single
plane is possible, while SEM imaging is restricted to the
surface ultrastructure. Often, highlighting the bothrial pits
(Fig. 4A) is not feasible with the light microscope. Figures
1B,C, 2A—C and 3 illustrate the tentacles of 7. macropora
and D. michiae, respectively. In contrast to light microsco-
py (Fig. 2E), all hooks per half spiral row were precisely
imaged, which makes it easier to recognise the exact arma-
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ture pattern. However, the magnification and illustration of
surface details are not possible compared with SEM. The
surface structures in Fig. 1D photographed by CLSM can-
not be presented in such detail as the SEM. Photographs by
SEM (Fig. 2D) of the surface structures are more accurate
and higher magnifications are possible. Similarly, imaging
of the internal organs as shown in Fig. 1E and F is not pos-
sible in such detail when applying light microscopy. Final-
ly, SEM illustrations are limited to the surface and cannot
take pictures of any internal structures.

In addition to acetic carmine-stained specimens, fur-
ther relevant morphological characters can be examined
in particular detail by the use of other staining or clearing
substances. BABB (benzylalcohol and benzylbenzuolate)
clearing was applied to study the internal organs of the
tapeworm proglottids (Fig. 1E). Even though BABB de-
letes fluorescent proteins, the method is compatible with
immunolabeling (Becker et al. 2012, Berke et al. 2016).
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BABB has been used, for example, in the study of muscu-
loskeletal tissues (Berke et al. 2016). Figure 1E illustrates
a detailed overview of a mature proglottid of 7 macropora.
The testes, ovary, cirrus-sac and other internal organs are
clearly visualised. However, these BABB cleared spec-
imens cannot be used for light microscopy because they
result in transparent samples.

Although CLSM has many advantages, it will not re-
place existing microscopic techniques, but rather comple-
ment them. For example, preparations (whole mounts) that
are too thick cannot be examined with CLSM. Further-
more, the resolution and magnification of the devices is
also limited.

DIC light microscopy

Regular light microscopy is fairly limited in the case of
delicate and small specimens with complex armature pat-
terns. Under these conditions, DIC light microscopy is a
better option because it better differentiates the individu-
al hooks and allows easier interpretation of the armature
patterns (Fig. 2E). In both cases, the respective staining
of a specimen is of major importance to illustrate the rel-
evant morphological characteristics. For example, trypan-
orhynchs need intensively stained tentacles for a clearer
vision compared to glycerine-cleared material. Well-differ-
entiated proglottids used to identify the internal organs are
a result of accurate staining either. This balancing act be-
tween staining intensity and differentiation makes it often
difficult to analyse all morphological characters based on
a single or few specimens. Specimens can be re-stained or
cleared, however, thus taking the risk of sample damage. A
microscope camera can only focus on a single plane (~ one
single layer/level or a small depth of field). Drawings (Fig.
2F) might be also be problematic, their production is time
consuming and can be inaccurate or idealised by the ‘artist’
(Diaz and Valencia 1985).

SEM

A very high magnification and visualisation of, e.g.,
macromolecules of 1 nm size, is possible with SEM. Con-
sequently, it has been applied to illustrate the surface ultras-
tructure of trypanorhynch cestodes, including the tentacular
armature (Fig. 2D) (Palm 1995, 2004, 2008, Morales-Avila
etal. 2019). One disadvantage is that the specimen used for
SEM cannot be analysed for internal structures and cannot
be used for any other microscopic technique. In addition,
the position of a specimen cannot be altered after fixation
onto the adhesive stub (even though the SEM can visualise
a fixed sample from various angles of view). Figure 2D
also illustrates one of the disadvantages of SEM, which
is obtaining clean, mucus-free tentacles of the specimens
or otherwise generate figures with characters overlaid by
mucus. For these reasons, SEM preparations cannot be
used for the description of holotypes or other rare material.
Although modern portable SEMs are now available that do
not require extensive preparation, they are not commonly
used in fish parasitology.

In summary, the three techniques have different advan-
tages and limitations, but in combination are very power-
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ful to describe the morphology of trypanorhynch cestodes,
their armature patterns (Fig. 2) as well as external ultra-
structure. Compared to the other microscopy techniques,
CLSM allows the rotation of the object and thus to exam-
ine all sides of the tentacles. The SEM, on the other hand,
allows the highest magnification with the highest resolu-
tion. The LM produces the weakest images, but by making
a drawing, the important features can be worked out. Ad-
dition of CLSM to the standard techniques currently in use
is recommendable when such a microscope is accessible,
and it is possible to apply both, DIC and CLSM microsco-
py, to one single processed specimen. In addition, acetic
carmine-stained and Canada balsam mounted worms can
be extracted from the Canada balsam permanent mount,
destained and further processed for SEM. It is also of ad-
vantage to enhance the three-dimensional impression by
a red/cyan shift (application of Imaris software) to easier
visualise the bothrial pits of the Trypanorhyncha (Fig. 4A),
which may be difficult to detect with the light microscope
(Palm 2004). CLSM imaging generally simplifies the iden-
tification of such specimens and 3D movies, e.g., with a
rotating three-dimensional worm, can be created.

Because CLSM offers a suite of advantages for taxon-
omists that study the Trypanorhyncha, tapeworms or flat-
worms, it should be more routinely applied to the taxo-
nomic investigations of flatworms, including tapeworms. It
is possible to investigate such platyhelminths with CLSM
(see Neves et al. 2003, 2004, 2005 and Silva-Leitdo et al.
2009, who showed CLSM figures of carmine red stained
Schistosoma mansoni). The possibility to create three-di-
mensional models and movies, e.g., reconstructions of the
shape, structures and patters of internal organs, can simplify
morphological tasks. This enables the creation of 3D-mod-
els of internal organs, e.g., of a mature cestode proglottid,
which can add to traditional histological approaches. In
times of developing and increasing 3D printing, this might
further lead to the possibility to print educational, highly
magnified artificial sculptures of worms with their inner
organs in future. Also, further 3D remodelling is possible
but needs better software access and practice in applying
all software settings.

Further possibilities to use CLSM in other platyhel-
minth taxa, in combination with different staining tech-
niques, should be tested. BABB clearing allows a closer
look at the internal organs, whereas other stains might en-
able a closer look at surface structures like microtriches or
bothria. Furthermore, the autofluorescence of the Trypan-
oryncha should be investigated as there are no studies on
this. So far, only a few trypanorhynchs have been studied
but the results, although limited, are very promising, es-
pecially for the possible use of old acetic carmine-stained
specimens. We suggest the direct sorting of collected mate-
rial for molecular (fixation in 99.6% ethanol) and morpho-
logic (hot water relaxation and/or 70% ethanol fixation; see
Cribb and Bray 2010) purposes. The material for morpho-
logical analyses should be in good conditions, with dam-
aged animals, body parts or the blastocyst to be used for
molecular analyses. Some worms should be stained with
Mayer-Schuberg’s acetic-carmine and mounted in Canada
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balsam in order to add the possibility of CLSM investiga-
tions in future.

Acknowledgements. This is publication no. 14 under the Mem-
orandum of Understanding between the Faculty of Veterinary
Medicine, Udayana University, Bali, and the Faculty of Agricul-
tural and Environmental Sciences, Aquaculture and Sea-Ranch-
ing, University Rostock, Germany, promote fish parasite and
biodiversity research in Indonesia. We are thankful to Stefan

REFERENCES

Neitemeier-Duventester et al.: Confocal laser scanning microscopy (CLSM) of Trypanorhyncha

Richter, Christian Wirkner and Thomas Frase from the Institute
of Biosciences, General and Systematic Zoology, University of
Rostock, for providing the opportunity and assistance to work
with CLSM. The confocal microscope was jointly sponsored
by the Deutsche Forschungsgemeinschaft and the Land Meck-
lenburg-Vorpommern (DFG INST 264/70-1 FUGG). We also
thank Marcus Frank, Armin Springer and Karoline Schulz from
the Electron Microscopy Centre, University of Rostock, for assis-
tance to work with the SEM.

BECKER K., JAHRLING N., SAGHAFI S., WEILER R., DopT H.U.
2012: Chemical clearing and dehydration of GFP expressing
mouse brains. PLoS ONE 7: e33916.

BErRkE .M., MioLa J.P., Davib M.A., SmitH M.K., Pricg C.
2016: Seeing through musculoskeletal tissues: improving in situ
imaging of bone and the lacunar canalicular system through op-
tical clearing. PLoS ONE 11: e0150268.

BEVERIDGE 1. 1990: Taxonomic revision of Australian Eutetrarhy-
nchidae Guiart (Cestoda: Trypanorhyncha). Invertebr. Tax. 4:
785-845.

BEVERIDGE I., CAMPBELL R.A. 1998: Re-examination of the tryp-
anorhynch cestode collections of A.E. Shipley, J. Hornell and T.
Southwell, with the erection of a new genus, Trygonicola, and
redescriptions of seven species. Syst. Parasitol. 39: 28-34.

Bray R.A., PALM H.W., THEISEN S. 2019: Bucephalus damriyasai
n. sp. (Digenea: Bucephalidae) from the blacktip trevally Caranx
heberi (Bennett) (Perciformes: Carangidae) off Bali, Indonesia.
Syst. Parasitol. 96: 65-78.

CHERVY L. 2009: Unified terminology for cestode microtriches: a
proposal from the International Workshops on Cestode System-
atics in 2002-2008. Folia Parasitol. 56: 199-230.

CriBB T.H., BRay R.A. 2010: Gut wash, body soak, blender and
heat-fixation: approaches to the effective collection, fixation and
preservation of trematodes of fishes. Syst. Parasitol.76: 1-7

DEGGER N., AVENANT-OLDEWAGE A., GREENFIELD R. 2009: In-
novative fluorescence detection technique for metalsin cestode
egg-shells. Afr. Zool. 44: 204-207.

Di1az N., VALENCIA J. 1985: Larval morphology and phenetic rela-
tionships of the Chilean Alsodes, Telmatobius, Caudiverbera and
Insuetophrynus (Anura: Leptodactylidae). Copeia 1: 175-18]1.

FiscHTHAL J.H. 1978a: Allometric growth in three species of di-
genetic trematodes of marine fishes from Belize. J. Helminth.
52:29-39.

FiscHTHAL J.H. 1978b: Allometric growth in four species of di-
genetic trematodes of marine fishes from Belize. Zool. Scri. 7:
13-18.

ForGE T.A., MACGUIDWIN A.E. 1989: Nematode autofluorescence
and its use as an indicator of viability. J. Nematol. 21: 399-403.

HartoN D.W., SHAW C., MAULE A.G., SMART D. 1994: Regula-
tory peptides in helminth parasites. Adv. Parasitol. 34: 163-227.

HRCKOVA G., HALTON D.W., MAULE A.G., BRENNAN G.P., SHAW
C., Jounston C.F. 1993: Neuropeptide F-immunoreactivity in
the tetrathyridium of Mesocestoides corti (Cestoda: Cyclophyl-
lidea). Parasitol. Res. 79: 690—695.

KriMmPEL S., KUHN T., MUNSTER J. 2019: Parasites of Marine Fish
and Cephalopods: A Practical Guide. Springer, International
Publishing, New York, 180 pp.

Liu Y, WANG Z.,HUANG W., PANG S., QIAN L., ZHANG Y., MENG
J., Xu M., WANG W., WaNG Y., Lu B., ZHao Y., XI1aN ],
Bo X., YUE B. 2021: De novo sequencing and high-contiguity
genome assembly of Moniezia expansa reveals its specific fatty
acid metabolism and reproductive stem cell regulatory network.
Front. Cell Infect. Microbiol. 6: 693914.

MORALES-AviLA  J.R., GOMEzZ-GUTIERREZ J., HERNAN-
DEZ-SAAVEDRA N.Y., RoBinsonN C.J., PaLm H.W. 2019: Phy-
logenetic placement and microthrix pattern of Paranybelinia

Folia Parasitologica 2022, 69: 026

otobothrioides Dollfus, 1966 (Trypanorhyncha) from krill Nyc-
tiphanes simplex Hansen, 1911. Int. J. Parasitol. Parasites Wildl.
10: 138-148.

MuLriscH M., WELscH U., AescHT E. (Eps.) 2015: Romeis Mi-
kroskopische Technik. Springer Spektrum, Berlin, Heidelberg,
603 pp.

NEVES R.H., BioLcHINI C.L., MACHADO-SILVA J.R., CARVALHO
J.J., BRanqQuiNHO T.B., LEnzr H.L., HUuLSTUN M., GOMES
D.C. 2005: A new description of the reproductive system of
Schistosoma mansoni (Trematoda: Schistosomatidae) analyz-
ed by confocal laser scanning microscopy. Parasitol. Res. 95:
43-49.

NEVES R.H., CosTA-SiLvA M., MARTINEZ E.M., BIOLCHINI
C.p.L., LEnzi H.L., GomEs D.C., MACHADO-SILVA J.R. 2003:
Reproductive system abnormalities in Schistosoma mansoni
adult worms isolated from Nectomys squamipes (Muridae: Sig-
modontinae): brightfield and confocal laser scanning microsco-
py analysis. Mem. Inst. Oswaldo Cruz 98: 361-365.

NEVES R.H., CosTA-SILVA M., MARTINEZ E.M., BRANQUINHO
T.B., OL1vEIRA R.M.F., BioLcHIinNI C.L., LEnz1 H.L., GOMES
D.C., MacHADO-SILVA J.R. 2004. Phenotypic plasticity in
adult worms of Schistosoma mansoni (Trematoda: Schistoso-
matidae) evidenced by brightfield and confocal laser scanning
microscopies. Mem. Inst. Oswaldo Cruz 99: 131-136.

PaLm H.W. 1995: Untersuchungen zur Systematik von Ruessel-
bandwuermen (Cestoda: Trypanorhyncha) aus Antlantischen
Fischen. Berichte aus dem Institut fiir Meereskunde an der Chri-
stian Albrechts Universitaet, Kiel 275: 1-238.

PaLm H.W. 1997: An alternative classification of trypanorhynch
cestodes considering the tentacular armature as being of limited
importance. Syst. Parasitol. 37: 81-92.

ParLm H.W. 2004: The Trypanorhyncha Diesing, 1863. PKSPL-IPB,
Bogor, 710 pp.

ParLm H.W. 2008: Surface ultrastructure of the Elasmobranchia par-
asitizing Grillotiella exilis and Pseudonybelinia odontacantha
(Trypanorhyncha, Cestoda). Zoomorphology 127: 249-258.

ParLm HW., BRay R.A. 2014: Marine Fish Parasitology in Hawaii.
Westarp & Partner Digitaldruck, Hohenwarsleben, 302 pp.

PaLm H.W., THEISEN S., DAMRIYASA [.M., KUSMINTARSIH E.S.,
Oxka I.B., SETyowaTi E.A., SURATMA N.A., WiBowo S.,
KLEINERTZ S. 2017: Anisakis (Nematoda: Ascaridoidea) from
Indonesia. Dis. Aquat. Org. 123: 141-157.

PETROV A.A., DMITRIEVA E.V., PorYUK M.P., GERASEV P.I.,
PETROV S.A. 2017: Musculoskeletal and nervous systems of the
attachment organ in three species of Diplectanum (Monogenea:
Dactylogyroidea). Folia Parasitol. 64: 1-22.

PETROV A.A., GERASEV P.I. 2019: Muscular arrangement and
sclerite morphology in the haptor of Tetraonchus monenteron
(Monogenea, Dactylogyridea). Acta Parasitol. 64: 138—147.

PeETrROV A.A., GERASEV P.I., Poryuk M.P., DMITRIEVA E.V.
2016: Haptoral neuromusculature in two species of Dactylogy-
rus Diesing, 1850 (Monogenea: Dactylogyridae). Syst. Parasitol.
93: 337-354.

PETROV A.A., PorYUK M.P., DMITRIEVA E.V. GERASEV P.I.
2015: Architecture of haptoral musculature in three species of

Page 8 of 9



doi: 10.14411/p.2022.026

Ligophorus (Monogenea, Ancyrocephalidae). Trudy Zool. Inst.
319: 244-256.

PUELLES V.G., vAN DER WOLDE JW., ScHUuLZE K.E., SHORT
K.M., WonG M.N., BENSLEY J.G., CULLEN-MCEWEN L.A.,
CARUANA G., HokkEg S.N., L1 J., FIrTH S.D., HARPER I.S.,
NikoLic-PATERSON D.J., BERTRAM J.F. 2016: Validation of a
three-dimensional method for counting and sizing podocytes in
whole glomeruli. J. Am. Soc. Nephrol. 27: 3093-3104.

Ross K.F. 1954: Measurement of the refractive index of cytoplas-
mic inclusions in living cells by the interference microscope.
Nature 174: 836-837.

Rozario T., NEwMARK P.A. 2015: A confocal microscopy-based
atlas of tissue architecture in the tapeworm Hymenolepis diminu-
ta. Exp. Parasitol. 158: 31-41.

SEmpruccl, F., BURATTINI, S., Kim, H., HoNG, J., LEg, W., GuI-
b1, L., FALCIERI, E., BALsaAMO, M. 2016: Application of con-
focal laser scanning microscopy in the taxonomy of free-living
marine nematodes. Microscopie 26: 48—57.

SiLva-LErtAo F.W., BroLcHiNt C.L., NEVES R.H., MACHA-
DO-S1LvA J.R. 2009: Development of Schistosoma mansoni in

Received 20 October 2021

Accepted 22 July 2022

Neitemeier-Duventester et al.: Confocal laser scanning microscopy (CLSM) of Trypanorhyncha

the laboratory rat analyzed by light and confocal laser scanning
microscopy. Exp. Parasitol. 123: 292-295.

STOCKERT J.C., LLORENTE A.R., DEL CAasTiLLO P., GOMEZ A.
1990: Chromatin fluorescence after carmine staining. Stain
Technol. 65: 299-302.

THEISEN S. 2019: Indonesian marine fish parasite biodiversity. PhD
Thesis. Faculty of Mathematics and Natural Sciences, Universi-
ty of Rostock, Rostock, 243 pp.

THEISEN S., PALM H.W., AL-JUuFaILl S.H., KLEINERTZ S. 2017:
Pseudempleurosoma haywardi sp. nov. (Monogenea: Ancy-
rocephalidae (sensu lato) Bychowsky and Nagibina, 1968): an
endoparasite of croakers (Teleostei: Sciaenidae) from Indonesia.
PLoS ONE 12: ¢0184376.

TuEeIsEN S., PALMm HW., StoLz H., AL-JuraiLl S.H., KLEIN-
ERTZ S. 2018: Endoparasitic Paradiplectanotrema klimpeli sp.
nov. (Monogenea: Ancyrocephalidae) from the greater lizardfish
Saurida tumbil (Teleostei: Synodontidae) in Indonesia. Parasitol.
Open 4: el3.

Published online 10 November 2022

Cite this article as: Neitemeier-Duventester X., Bick A., Theisen S., Palm H.W. 2022: Confocal laser scanning microscopy (CLSM)
as a new tool for morphological characterisation of both newly collected and museum voucher specimens of the Trypanorhyncha
Diesing, 1863 (Platyhelminthes: Cestoda). Folia Parasitol. 69: 026.

Folia Parasitologica 2022, 69: 026

Page 9 of 9



