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ABSTRACT

We used Swuberites domuncunla Olivi, 1792 associated with pagurid decapods to evaluate the
use of multidetector x-ray computed tomography (MDCT) combined with 3-dimensional
reconstruction and virtual measurement techniques for biometric studies of living sponges.
Sponges were not damaged in any way. Complete 3D-visualization of the sponge body as well
as the incorporated gastropod shell is possible. The method allows the determination of the
shell genus or species without dissection of the sponge. We calculated the sponge body
volumes in comparison to the shell volume. In this way the comparison of various individuals
is more exact than comparison of body diameter, since the internal cavities are cleared. We
conclude that MDCT technique is of high potential for various questions in sponge science.
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INTRODUCTION

Though X-ray computed tomography (CT) methods have been mainly developed
for medical imaging and material science they have also been used in marine ecology
to study environmental pollution problems (PEREZ e al, 1999) and in marine
biology to determine the structure and age of corals (BOSCHER, 1993) or assess
boring activity in corals (HASSAN ez al, 1996). Some of us have used CT to
characterise the porous structure of a Mediterranean pre-coralligenous structure
(NICKEL et al, 1998). For an introduction into CT techniques see JACOBS et 4.
(1995).

In sponge science, CT methods have only been used to determine body volumes
of excavating sponges by SCHONBERG (2001), who stated the limited use, due to
problems to image sponge tissue inside corals.

For the recent work we used multidetector computed tomography (MDCT) to
image living specimens of Suberites domuncula Olivi, 1792 associated with hermit crabs
(Fig. 1). Virtual imaging methods were tested.
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MATERIAL AND METHODS

The sponges have been collected with permission in Rovinj (Croatia) and Banyuls-sur-
Mer (France) and kept in artificial seawater aquariums in Stuttgart (Germany).

The living sponges were transported to the University of Tiibingen (Germany) in batches
of 5 - 7 animals in approximately 50 1 of seawater. For imaging in MDCT-prototypes
(Siemens Somatom Seties: Volume Zoom® and Sensation 16®, Siemens AG, Forchheim,
Germany) the specimens were transferred to 1 litre plastic containers which were mounted to
the head holder of the machines. Spiral x-ray scanning was performed using an ‘inner ear
mode’ at various intensity settings and slice thickness between 0.6 and 1.0 cm.

Serial sections have been reconstructed and stored in the DICOM 3 file format (Fig. 2).
Image processing and rendering of 3D volume- and surface-models were performed on a
Silicon Graphics or PC-Workstation using 3D-Virtuoso®- or InSpace®-Software (Siemens
AG, Forchheim, Germany). Pseudo colour representation of the serial sections as well as the
3D reconstruction allows immediate recognition of differences in density, eg by canal
structures or incorporated foreign material. Real-time 3D-handling at the Workstation using
computer controlled shutter glasses enables to view the model of the individuals by any
desired angle in the volume rendering mode (VR).

RESULTS

Virtual 3D-reconstructions of the radiograms allow the visualisation from any
angle and to do virtual sections in any axis. Therefore, MDCT allowed us to
determine 77 vivo the position, size and condition of the shell used by the hermit crab
(Fig. 1). In most cases, it is possible a rough identification of the shell, sometimes at
the genus level (Tab. I).

Fig. 1. Two specimens of Suberites domuncula used for the experiments. a, SDO1 from Banyuls-
sur-Mer (FR) and b, SD02 from Rovinj (HR).
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Fig. 2. Example for a reconstructed MDCT section series of specimen SD01 kept in a plastic
container for scanning (clipping of a total of 133 images). Asterisk: helical living tube of the
hermit crab; atrows: exhalant canals and oscule of the sponge. Section thickness: 1.3 mm;
scale bars: 10 mm/div.

Tab. I. Volume analysis of S. domuncula specimens using InSpace®-Software-package.
Calculation has been done by choosing density rates which correlate to sponge tissue or
gastropod shell material in the reconstructed sections.

volume sponge  volume shell ratio

Specimen (sp) mm? (sh) mm? spish shell species
SDO1* 70091 1107 63.3:1  Fusinus rostratus
SD02* 16821 1682 10.0:1 Gibbula sp.

SD03 5338 783 6.8:1 Coralliophyla sp.
SD04 12179 1249 9.8:1 Coralliophyla sp.
SD06 7650 451 17.0:1 Fusinus sp.

* Specimens shown in Figures 1 to 4.
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Fig. 3. 3D-reconstruction of specimen SDO01 with a diameter of 58 mm, based on MDCT-
data. Surface (a and b; ¢ with measuring grid) and complete structures in semi-transparency
(d and e, different viewing angles) as well as the virtually isolated view of the coring
gastropod shell of a Fusinus rostratus (f), with the two claw tips of the Pagurus crab
(arrowheads) also visible. Asterisk (e): helical living tube of the hermit crab inside the sponge.
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Fig. 4. 3D-reconstruction of specimen SD02 with a diameter of 35 mm, based on MDCT-
data. Complete structures in semi-transparency (a) as well as the virtually isolated views of the
sponge tissue (b), the harder organic material of the shell and the hermit crab (c) and the
coring gastropod shell of a Gibbula sp. (d).

The helical living tube of the hermit crab built by S. domuncula can be visualised
(Figs 2, 3e) as well as the detailed body structures of the hermit crab itself (not
shown here). In the case of large hermit crab-sponge association, the hermit crab
was no longer inhabiting any part of the shell, but only the helical tube, since the
opening of the shell was too small. In case of younger hermit crabs the helical tube
was not that extended and the cavity of the shell was still used by the hermit crab.
Volume comparisons are presented in Tab. L.

The surface structure of S. domuncnla with its oscula as well as its internal
morphology of the aquiferous system can partly be visualised in grey scale (Fig. 2) or
pseudo colour. None of the specimens of S. domuncula was damaged by the
procedure and all of them were brought back to the aquarium.

DISCUSSION AND CONCLUSIONS

The use of MDCT in combination with 3-dimensional reconstruction and virtual
measurements allowed us to perform non-invasive studies on the association of .
dommunenla and hermit crabs. In all samples examined it is evident that the gastropod
shell is positioned asymmetrically. The length of the helical living tube which extends
from the gastropod shell opening depends on the age of the association between
sponge and hermit crab. Comparing specimens of vatious size indicates that growth
of S. dommuncnla is strongest in the area of the opening of the living tube of the hermit
crab, which explains the asymmetric position of the shell. The reason for unequal
growth of the sponge traces back to the feeding behaviour of the hermit crab. Like
other decapods hermit crabs tear their food to tatters, which can be easily observed
in the aquarium. During feeding a lot of organic material is released either as
dissolved or as particulate matter. Hence the food supply for the sponge is increased
locally around the crab, a conclusion which dates back to OLIVI (1792). Also the
excrements of the crab may be used by the sponge. This is another increase of food
locally around the living tube. Alternatively or in addition it is possible that the
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hermit crab releases substances that act as mitogens in the sponge. No evidence has
been shown for this yet, but the possibility should not be excluded.

The results of ratio comparisons between sponge body volume and shell volume
(including inner space), which are summarized in Tab. I, demonstrate the difficulty
to conclude the sponge body mass from size, since the sponge diameter does neither
harbour information on the coring shell, which can widely vary in size depending on
the species, nor on the open spaces used by the hermit crab or the exhausting canals
of the sponge. The calculation of the sponge body volume from the density profiles
of the reconstructed sections is much more precise. However, the method has also
limitations, since the relative density of the sponge tissue varies in dependence of the
settings of the MDCT machine and has to be defined for every image series.
Defining the thresholds is a source of error. In addition the volume calculator of the
InSpace® Software package is not powetful enough to define the right density area in
inhomogeneous tissue automatically. For sponge tissue a lot of corrections by hand
have to be made after automatic detection.

On the other hand the MDCT system in combination with the software-package
used allows virtual presentation of the examined object from any angle. Also virtual
sections in any direction and length measurements are possible. For the visualisation
of the canal system, however, the method is limited to the larger canals and cannot
visualise neither single ostia nor canals of smallest diameter. Apart from the present
study MDCT has a wide range of possible applications in sponge science. We have
imaged and reconstructed many specimens of vatrious sponge groups, cither the
complete alive animals or dead skeletons of sponges (data not shown). This survey
perfectly defined the strengths and limitations of MDCT combined with virtual
imaging for sponge science. Two examples of possible usage: for two Cliona species
we reconstructed their excavated networks inside two rocks and found substantial
differences in the network patterns (unpubl. data). For Tethya aurantinm we wete able
to visualize and reconstruct the general skeletal morphology of the style bundles 7
vivo. But the resolution lies in the mm-range and is not high enough to visualise the
megasters of this species (unpubl. data). Therefore, the limitation by resolution is the
main problem for MDCT. This can be overcome by micro computed tomography
which basically uses the same principles like MDCT, but provides a resolution up to
1pm, depending on the sample size. For the visualisation of the mineral skeletons of
a complete specimen of Tethya wilbelma and an oscule of Clathrina sp. a resolution of
42 pwm and 3.6um respectively was reached, providing data on single spicules
(NICKEL & BECKMANN, 2002, 2003). Eventually this method could be used also for
the study of skeletal ontogeny in sponges.

We have shown that MDCT technology is of substantial use for biometric
studies in S. domuncula. We have also applied the method to other sponge species
(data not shown) and found a high potential to address questions of growth and
general morphology. Even exhalant canals of larger size can be visualised and
complex 3-dimensional growth forms can be analysed by means of surface area,
volume, and other parameters. The limitations of the technique ate few. The MDCT
cannot be moved to the field. For the study of living material a working aquarium
system for sponge maintenance is indispensable. The 3-dimensional reconstruction
and virtual data analysis is time consuming and deserves high end computer
hardware and software for comfortable data handling.
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Further studies will be performed to obtain more data on the biometry of S.
domunenta and on other sponge species for structural and growth analysis.

ACKNOWLEDGEMENTS

Authors wish to thank the following persons: Prof. H.-D. Gértz (Stuttgart, Germany) for
his kind support of our investigations, Prof. R. Batel (Center for Marine Research, Rudjer
Boskovic Institute, Rovinj Croatia) for providing the sponges, I. Fischer (Stuttgart, Germany)
for providing Animal SD01 and for care taking of the aquariums, J. Nopper (SIEMENS
Medical Solutions, Forchheim, Germany) for making contacts and organising technical help,
R. Dittrich, A. Blaha and A. Gupta (all SIEMENS Medical Solutions, CT Application Team,
Forchheim, Germany) for technical support and the possibility to work at the Leonardo
workstation, Dr. A. Heuschmidt (Radiological Diagnostics, Clinic of the University Tibingen,
Germany) for additional support at the CT-Scanners. The determination to the species level
of the Fusinus rostratus shell inside specimen SD01 was supported by S. Schiaparelli (University
of Genoa, Italy).

A part of this work was supported by the German Federal Ministry of Education and
Research (BMBF) through the project Center of Excellence BIOTECmarin (FF 0345D).

REFERENCES

BOSCHER H., 1993 - Computerized tomography and skeletal density of coral skeletons. Cora/
Reefs, 12: 97-103.

HASSAN M., DULLO W.-C., FINK A., 1996 - Assessment of boring activity in Porites lutea from
Aquaba (Red Sea) using computed tomography. Proc. 8th Internat. Coral Reef Symp., Panama,
2: 1813-1818. Panama.

JAacoss P., SEVENS E., KUNNEN M., 1995 - Principles of computerised X-ray tomography and
application to building materials. Sci. Total Environ., 167: 161-170.

NICKEL M., LoTT C., BRUMMER F., 1998 - Computetised x-ray-tomography analysis and
faunistic of a Mediterranean coralligenous structure. 1Verh. Ges. Oekol., 29: 481-490.

NICKEL M., BECKMANN F., 2002 - Sponge skeletons in 3D: Synchrotron x-ray computed
microtomography (uCT) as a tool for functional morphology and taxonomy. Integr. Comp.
Biol., 42: 1285.

NICKEL M., BECKMANN F., 2003 - The 3-dimensional sponge skeleton: Synchrotron x-ray
computed microtomography enables new insights into functional morphology. In U.
Krell, J.R. Schneider, M. von Zimmermann (eds.), HASYLAB Annual Report 2002. Part
I, 919-920. Print / CD-ROM / Online: http://wwwhasylab.desy.de/science/annual _
reports/2002_report/index.html

OLIVI G., 1792 - Zoologia Adriatica, ossia Catalogo ragionato degli Animali del Golfo e delle
Lagune di Venezia: preceduto da una Dissertazione sulla Storia fisica e naturale del Golfo;
e accompagnato da Memorie, ed Osservazioni di Fisica Storia naturale ed Economia

del’Abate. Bassano, 334, i-xxxii pp.

PEREZ K.T., DAVEY E.W., MOORE R.H., BURN P.R., ROSOL M.S., CARDIN J.A., JOHNSON
R.L., KOPANS D.N., 1999 - Application of computer-aided tomography (CT) to the study
of estuarine benthic communities. Ecol. Appl., 9 (3): 1050-1058.

SCHONBERG C.H.L., 2001 - Estimating the extent of endolithic tissue of a Great Barrier Reef
clionid sponge. Senckenb. Marit., 31 (1): 29-39.



