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Connecting names:
Using a micro-CT scanner as a non-destructive method for identification of polyclads
(Platyhelminthes: Polycladida)

Abstract: Polyclads are free living marine flatworms that inhabit a great variety of environments,
from rocky shore and coral reefs to deep water. Due to their apparent simplicity, polyclads have
been mainly classified by their internal reproductive anatomy long with the eyespot’s arrangement,
the presence of tentacles and the pharynx type. The study of these characters is often done through
histological sectioning which requires obtaining mature specimens, to correctly fixate them and
go through several steps before obtaining slides of the reproductive system. This approach is not
only time consuming and difficult, but it is destructive. While molecular techniques have been
growing in popularity in polyclad research, the availability of them is scarce and sequences still
need to be accompanied of specimens’ identification. Micro-CT scanning is considered a
nondestructive method to observe internal structures, which also provides the ability for 3D
reconstruction of them. Micro-CT imaging has been previously used on the taxonomic studies of
invertebrates, including annelids and other flatworm groups. In order to test micro-CT scanning as
a tool to match specimens collected around San Juan island intertidal to known species, worms
were fixed, pre-stained with Lugol or PTA and mounted in paraffin to be scanned. Internal
structures were unclear for all the scans irrespective of the stain used but was generally better for
those stained with PTA and embedded in paraffin. Our results show that while feasible there are
several aspects that affect CT images results for polyclad identification, leaving room for
improvement on the methods used for the imaging.

Keywords: Computed tomography, flatworms, staining, taxonomy.

Introduction

The order Polycladida is a group of free-living marine invertebrates that inhabit a great variety of
environments, including rocky shores, coral reefs, soft bottoms and abyssal waters (Newman &
Cannon, 2003; Prudhoe, 1985; Quiroga et al., 2006). Characterized by their highly ramified
intestine from where they receive their name, polyclads have a ‘simple’ flattened body. Polyclads
are hermaphroditic and their reproductive anatomy has been seldom used as characters of
taxonomy importance along with their eyespot arrangement, tentacles, pharynx type and color
(Hyman, 1951; Prudhoe, 1985).

The common practice to identify polyclads flatworms is through the histological sectioning of a
section of the body containing the reproductive structures, this process includes fixating the
animal, dehydration of the tissue, embedding it in paraffin, obtaining serial sections and staining
(Newman & Cannon, 1995). However, this is a lengthy process that needs to be carried carefully
in order to obtain informative slides, and as such is time consuming and destructive regarding the
specimens.



This being a poorly studied group of organisms, molecular information is scarce and corresponds
primarily to the 28S rDNA gene which may not have enough variation to be informative at the
species level in comparison to the COI mtDNA standard for most animals (Cuadrado et al., 2024).
While there is an increase in the available sequences for polyclads, this is mostly restricted to
regions where there is active research on the group and covers a limited number of species and
families (e.g. Oya & Kajihara, 2017, 2021; Rodriguez et al., 2021).

Microfocus X-ray computed tomography (micro-CT) is a powerful, fast tool complementary for
the exploration of animal anatomy including marine invertebrates (Chapuis et al., 2024; Dinley et
al., 2010; Fernandez et al., 2014; Parapar et al., 2019). Micro-CT scanning has been used to study
museum terrestrial flatworm specimens, and even for the description of new species (Carbayo et
al., 2016; Carbayo & Lenihan, 2016; Silva & Carbayo, 2020), however its use in polyclads is
restricted to the observations of the nervous system of Comoplana pusilla (Bock, 1924) (Ikenaga
et al., 2024), and the exploration of its use for polyclad taxonomy (Oya et al., 2024). Oya et al.
(2024), explored the reproductive structures of Paraplanocera oligoglena (Schmarda, 1859) which
possess a relatively complex copulatory apparatus, including an eversible cirrus (hardened
structure of the male apparatus), finding that micro-CT presents a good approach to understand
reproductive system organization.

However, the presence of a big complex hard structures in polyclad reproductive structures is
limited to some families and is variable between species (Faubel, 1983; Prudhoe, 1985), which
could represent difficulties to obtain contrasting images through micro-CT. Most species found in
the San Juan region were first described by Freeman (1933) , since then others works have added
to the fauna of the region (Hyman, 1939). In order to correctly match species names to collected
flatworms around San Juan island this study aim was to observe flatworm reproductive structures
through micro-CT scanning, generating the first micro-CT scanning observations of the species
and adding color photographs to accompany species records.

Methodology

Flatworms were hand collected from under rocks, transported in tubes full of seawater and placed
on flood tables. Animals were sorted according to their external appearance into morphotypes and
given a tentative ID (Kaburakia excelsa and Notocomplana cf. acticola). Later, specimens were
anesthetized with MgCl, isotonic to seawater, coaxed into filter paper and moved to a Petri dish
with frozen sea water. Posteriorly, worms were transferred to 10% formalin for 12h and preserved
in 70% ethanol.

To test weather specimen tissues had enough contrast in the micro-CT imaging, one of the
specimens was transferred directly from the ethanol, bagged and scanned. After the initial
observation, flatworms were pre-stained with either 2.5% phosphotungstic acid (PTA) or
rehydrated and then fixed with 1.25% buffered Lugol and posteriorly embedded in histological
paraffin. All the scans were done with a Skyscan 1273, reconstructed with the software NRecon
and rendered with the software 3D Slicer. Pixel size was between 12-30 ym.

Results



In general, it was possible to distinguish and render the volume of the flatworms outline and
surface independent of the stain used. However, the PTA stain provided better contrasting images
in comparison to the specimens stained with Lugol. Yet it was not possible to distinguish the
specific structures that compose the reproductive system of the polyclad, and only the outline of
the female and male apparatus was seen in one of the flatworms stained with PTA.
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Figure 1. 3D volume rendering and 2D sagittal view of Kaburakia excelsa with and without Lugol stain.
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Figure 2. 3D volume rendering of Kaburakia excelsa stained with PTA.

Figure 3. 2D sagittal view of Kaburakia excelsa with PTA stain. Left: Anterior; Right: Posterior.

Conclusion

Micro-CT scanning may represent a good option to study the internal anatomy organization of soft

bodied animals such as polyclad flatworms, however the usefulness of this technic depends on the

stain used for enhanced contrast of internal structures as well as the obtainable resolution from the

scanner. Paraffin proved to be a useful media to obtain clear images of the external appearance of

the worms and its density made it easier to separate from the organism of interest.
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Latocestus brasiliensi,

How do you
tell which
flatworm you
are looking
at?

Latocestus sp. puntos
“Pentaplanta sp.”

Armatoplana sp.

“Pseudostylochus sp.”

Gnesioceros sargassicola

kav;, U %

Stylochus oculij era

Amyris hummelincki
Interplana evelinae

Styloplanocera fasciata

Phaenocelis medvedica

> Color is not that informative

» The only structures that pouk
out sometimes are tentacles

Phaenocelis peleca

» DNA library is not big
enough tO matCh mOSt Notocomplana ferruginea
specimens

Notocomplana lapund.

So, what about internal organs?

Adenoplana obovata Adenoplana evelinae

Armatoplana divae Armatoplana lactoabla




“Traditional’ taxonomy

So, it’s a lot of observation

Capture and observe the worm alive!
Then you can proceed to fixation 6

~T7.5% MgCl, — 10% Formalin



Internal morphology

So, it’s complex matter

Histology

Deshidratacion

Diagrama de corte del
sistema reproductor hermafrodita
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(Ramos-Sanchez, 2024) (Bahia & Schrodl, 2018; Merchan et al., 2025)



Micro-CT scanner as a non-destructive
method for identitication of polyclads

‘Virtual histology’

Fly Through Micro-CT images (CT)

Micro computerised tomography sections showing
varying muscle shape and anatomy of the
pharyngeal wall throughout its length.

1 mm

Pro
Buc
Sga
Pha
Phm

LATERAL

“Traditional techniques for investigating internal
morphology require either dissection or the production of
serial sections from embedded specimens. (...). However,
both techniques are very time consuming and highly

d estruct iV e. .. ) Figure 3. Obama itatiayana (Schirch 1929). Syntype C A pCT-derived image. Virtual sagittal section

of pharynx and copulatory region, pixel size: 6.3 um B photomicrograph of sagittal section of pharynx —

(Dinley et al., 2010) C photomicrograph of sagittal section of copulatory apparatus. 014)
(Silva & Carbayo, 2020) 8



Identify polyclad flatworms species through the inspection of
the reproductive structures by micro-CT scanning.

Who are you?

Kaburakia excelsa Bock, 1925 Eurylepta ct. aurantiaca Heath & McGregor, 1912



M etho dOlOgy Packed alone

Surrounded by jelly
Embedded in paraffin

No Stain
S\ A | 1.25% Buffered Lugol — 2.5% PTA
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-\__‘ > ¥ = ' ]
- |

Reconstruction Volume
with NRecon > Rendering
With 3D Slicer

~7.5% MgCl, — 10% Formalin Pixel size between 20-30 ym 10



Results
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PTA and Paraffin
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PTA and Paraffin Lugol and Paraffin
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It works, but it could be better!

Several variables affect the scan results A s P
and their utility for polyclad identification: L

> The scanner features and limitations
» The nature/biology of the worms

» The stain employed

» ‘Mounting’ the specimens

(Oya et al.,2024)
14



Conclusions

* Micro-CT scanning is not yet a standalone tool for polyclad
1dentification, specially for smaller worms

* PTA continues to be the best option for staining soft tissues like those
of marine invertebrates for Micro-CT

* Better images may be obtained by further tweaking of the
methodologies

15
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Notocomplana humilis (LC100085)
Notocomplana sp. (LC100089)
82} Notocomplana koreana (LC100086)
92! Notocomplana japonica (LC100087) L
Callioplana marginata (LC100082) [] Callioplanidae
7/~ Paratoplana renatae (AJ270176)

76

Notoplanidae

/Llo{:Thysanozoon brocchii (LC100093)
Thysanozoon japonicum (LC100094)

Prosthiostomidae

I:I Pseudostylochidae

o

i
Euryleptidae 1\.

C. japonicus

RN
T. japonicum
Pseudocerotidae

e
P. nipponicus

Cotylea

P. velutinus

L P. atropurpureus

P. grande

Chromoplana sp. (KC869847) I:I Chromoplanidae

L. gracilis

P. multitentaculata

Acotylea

N. delicata

P. obscurus

N. humilis

N. japonica

- C. marginata

“Polyclad phylogeny
persists to be
problematic”

» DNA information is scarce,
the firsts ‘complete’
phylogenies were in 2017

» Barcoding as a tool for
taxonomy

» We have done a couple
steps forward molecular
systematics in polyclads

v More sequences

v" Specific primers

v" Research on mutation
rates for the genes

18

(Bahia et al., 2017; Tsunashima et al., 2017; Dittman et al., 2023; Goodheart et al., 2023)



