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ABSTRACT

Sandwich cultures of sponges provide a convenient means to study a 

sponge's internal organization and the physiological activities of 

sponge cells. In this study, the feasibility of using sponge explants 

as a source for sponge tissue in sandwich cultures was evaluated 

and the organization of the sponge's canal system was observed. 

Explants from Eohydatia muelleri. obtained from Salmon Lake, were 

attached to sandwich culture assemblies. Cells were allowed to 

grow out from the explants between closely spaced glass slides. 

Culturing was carried out either in Salmon Lake or in the laboratory 

for two to three weeks. Although there was little outgrowth in the 

laboratory, in the lake, tissue spread approximately 1.5cm from the 

sponge explant. Flagellated chambers were visible in the sponge 

tissue between the glass slides; however, connections between them 

were not. A model for the development of flagellated chambers is 

proposed.
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INTRODUCTION AND LITERATURE REVIEW

Sponges are sessile, primitive animals that inhabit aquatic 

habitats. Most of the approximately 5000 species of sponges are 

marine; one family, the Spongillidae (phylum Porifera, class 

Demospongiae), is found in fresh water (7). Sponges are unique 

because of their unusual and simple cellular organization. Sponges 

lack organs and organ systems and, with the exception of a special 

dermal membrane, lack anatomically discrete tissue. However, a 

interesting feature of sponges is the capacity of some types of adult 

cells to act in a seemingly embryonic fashion. In at least some 

species, non-dermal membrane cells differentiate into a number of 

cell types, including spicule-secreting cells (sclerocytes) and 

collagen-secreting cells (spongocytes).

Moreover, because of this remarkable ability of cells to 

migrate and transform from one cell type to another, a small number 

of cells form components of the dermal membrane (a single layer 

of cells lining the outer surface of the body and internal cavities) 

and the mesohyl (an amorphous substance - gelatinous in nature - 

containing both motile and fixed cells as well as fibrils) (7). Three 

principal types of sponge cells can be distinguished: choanocytes, 

pinacocytes, and archaeocytes (7). All other cells are derived from 

these three cell types.

Choanocytes are commonly described as collar cells (1,2,3,7). 

These cells are provided with a flagellum, which is surrounded by a 

collar of microvilli (hence the name "collar cells") (2,3,7). These
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cells line the chambers (flagellated chambers) which are the centers 

of digestion in the sponge (3). The main function of the flagella is 

to produce water currents that serve to bring food into the sponge 

body and to allow wastes to leave the sponge body (2,3,7). This will 

be discussed in more detail below.

Pinacocytes form the pinacoderm, a single cell layer found on 

the body surface and also referred to as the dermal membrane, and 

they line the canals (7).

The archaeocytes, which are scattered throughout the mesohyl, 

are ameboid cells (7). These cells function in regeneration and in 

transportation of food particles acquired from the choanocytes (7). 

The archeocytes give rise to spongocytes, and sclerocytes found in 

the mesohyl (7). These cells secrete fibers and spicules which 

together form the sponge skeleton (2).

The spicules of freshwater sponges are siliceous (contain 

silicon) (7). The spicules of the sponge body are classified as 

megascleres or microscleres. Megascleres are needle shaped, 150- 

450pm long, and function in support whereas microscleres are 

needle-like, dumbbell or star shaped, 20% the length of the 

megasclere, and function in protection as well as support (7).

The most important structure of the sponge's morphology is 

the system of canals and chambers through which water circulates 

to bring food to the sponge (2,3,7). Three types of water-current 

systems of increasingly complex structure may be distinguished by 

the arrangement of choanocytes and the development of canals: 

ascon, sycon, and leucon (2,7). The freshwater sponges which I 

studied were of the leuconoid type. The flagellated canals found in
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the asconoid and syconoid types of sponges have undergone folding or 

invagination to form the small, rounded, flagellated chambers of the 

leuconoid sponge (Fig. 1) (2,3).

The essential elements of the leuconoid water-current system 

are as follows: First, small pores, or ostia (approximately 50pm in 

diameter), on the outer surface of the sponge permit water to enter 

a large subdermal cavity, located beneath the pinacoderm (2,3,7). 

Next, incurrent canals, which repeatedly branch, transport water 

from the subdermal cavity. These canals open into the flagellated 

chambers through prosopyles (2,3,7). The flagellated chambers are 

the crucial components of the sponge feeding system (3). 

Choanocytes, which make up the walls of the flagellated chambers, 

set up the flow of water through the sponge and serve as the final 

filters in the feeding system (3). Flagellated chambers connect to 

excurrent canals through openings termed apopyles (2,3,7). Finally, 

excurrent canals converge on the osculum, which allows water to 

exit the sponge (2,3,7).

The growth of sponges and the organization of their canals and 

chambers were studied in sandwich cultures by Ankel and Eigenbrodt 

(1). They followed outgrowth from asexual reproductive structures 

called gemmules. Outgrowth penetrated between a coverglass and 

the bottom of the container. The sponge beneath the coverglass 

became almost two-dimensional and displayed the water current 

movements through the sponge body. Ankel and Eigenbrodt (1) were 

able to view the incurrent and excurrent canals as part of a simple 

flow system and
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A

Osculum
Ostia

B

Figure 1. Leuconoid water current system. Schematic of water flow 
(A) and longitudinal section of whole sponge (B).
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could distinguish flagellated chambers. The arrangement of the 

flagellated chambers was affected by the distance between the 

upper and lower surface of the sandwich assembly. Whenever the 

distance between the coverglass and the underlying surface was 

smaller than the cross section of the flagellated chamber (about 

50jim), the cells could not, as in a normal sponge, occupy all sides of 

the chambers. Instead, the flagellated chambers edged, or lined, the 

chambers on one side.

Sandwich cultures provide an observer with a means of 

viewing the organization of the sponge canal system and observing 

activities of the different cell types. The objectives of my study 

were to (1) evaluate the feasibility of establishing sandwich 

cultures from sponge explants and, if possible (2) to study the 

organization of canals in the sandwich culture.
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MATERIALS AND METHODS

The freshwater sponge, Ephvdatia muelleri. was used for this 

study. Specimenes were obtained in July and August, 1993, from the 

southern end of Salmon Lake, a lake located in western Montana. 

Sandwich cultures of sponge explants were set up as described 

below. The sandwich culture assemblies used in this experiment 

were similar to those used by Ankel and Eigenbrodt (1).

The base plate for the sandwich cultures consisted of a glass 

slide (50 X 75mm). On the base plates were attached in parallel two 

25 X 75mm glass slides approximately 3cm apart and separated from 

the base plate either by two size 0 (0.09-0.12mm thick) cover slips 

(20 X 20mm) spaced approximately 40mm apart, or by tracing paper 

strips (approximately 50pm thick). Spacers were cemented in place 

with Super glue. Sponge explants (approximately 2 X 2cm) were 

attached with rubber bands to the base between the parallel 

overlying glass slides (Fig. 2).

The sandwich culture assemblies were attached to plexi-glass 

plates (15 X 30cm) which were in turn attached to 50cm long "2 X 4" 

posts nailed to a wooden base (Fig. 3, 4).

Four of these assemblies were anchored to the bottom of 

Salmon Lake at the following depths: 82cm, 88cm, 99cm, and 107cm 

(depth of base). Other cultures were placed in an aquarium 

containing approximately 3 gal of water gathered from Salmon Lake. 

Cultures were placed on top of aquarium rocks at the bottom of the 

tank. The aquarium was covered with a large glass
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Figure 2. Schematic of sandwich culture assembly. Shown on the 
left are size 0 coverslip spacers, and shown on the right are tracing 
paper spacers.

Figure 3. View of the southern end of Salmon Lake. Shown is the 
region where sponge explants were obtained and sandwich culture 
assemblies were submerged.
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Figure 4. Submerged sandwich culture assembly. This assembly is 
anchored at the bottom of Salmon Lake with rocks. Sandwich 
spacers used here are tracing paper.

*
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plate to reduce evaporation, and the water was aerated using a 

bubbler. The temperature of the room in which the aquarium was 

placed varied between 24° and 26°C.

After 2 to 3 wk of growth in the lake or aquarium, cultures 

were removed and were examined with a microscope. Some cultures 

were treated with India ink or carmine immediately prior to 

microscopic examination. Cultures were photographed through a 

Nikon Optiphot microscope attached to an AFX camera unit.
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RESULTS

After 2-3 wk of culturing in the lake, sponge tissue had 

extended between the slides of the sandwich culture (Fig. 5); the 

growth front had advanced from the explants approximately 1.5cm. 

The outgrowths had a green color (Fig. 5, 6). The advancing growth 

front was in some cases even (Fig. 5) and in other cases uneven (Fig. 

6). Megascleres were common both within and beyond the sponge 

mass (Fig. 5, 6). Networks of spongin were visible occasionally at 

the front in some areas (Fig. 5, 7).

Flagellated cells were observed at the edges of the growing 

masses and were visible lining cup-shaped indentations and large 

canals (Fig. 8, 9). In an attempt to label components of the canal 

system, India ink or carmine was added to some samples. In the 

case of the India ink, extensive clumping was observed and the ink 

did not enter the canals. With carmine, the dye appeared to be 

engulfed by cells. Cells stained with carmine were visible at the 

openings of large canals (Fig. 9). As a result, neither India ink nor 

carmine proved to be a useful marker.
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Figure 5. Outgrowth from sponge explant showing uniform growth 
front. Arrow head, flagellated chamber; M, megasclere; double 
arrow, growth front; large arrow, edge of glass slide; S, spongin 
(magnification 43.75X).

Figure 6. Outgrowth from sponge explant showing non-uniform 
growth front. Arrow head, flagellated chamber; M, megasclere; 
double arrow, growth front; large arrow, edge of glass slide 
(magnification 87.5X).
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Figure 8. Flagellated cells lining large canal. Arrow, flagellated 
cell; C, cell containing carmine (magnification 437.5X)
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Figure 9. Through-focus series of growth front. Parts B and C 
continued on next page. C, cell containing carmine; arrows, 
flagellated cells; I, indentation in the growth front.

1 3



I

1 4



DISCUSSION AND CONCLUSIONS

The first objective of this research was to evaluate the 

sandwich culture technique. The hope was that the sponge mass 

growing between the plates would be thin enough to make 

observations of the organization of the canal system feasible. With 

the coverslip spacers, the sponge was too thick to permit easy 

viewing of internal structures. With the tracing paper spacers, more 

internal detail was discerned, but a thinner sandwich would be 

preferable. The glue used to hold the culture assemblies together 

contributed to the thickness. Therefore, in order to make a thinner 

culture, one solution would be to eliminate the glue and clamp the 

plates together from the outside of the sandwich with a spacer 

between the plates.

The original technique of Ankel and Eigenbrodt (1) employed 

gemmules as a source for sponge tissue. It was evident from my 

study that explants could substitute for gemmules. Using explants, 

growth rate of the cultures was rapid. In 2 wk, the sponge tissue had 

spread approximately 1.5cm beyond the explant. Better results were 

achieved in the lake than in the lab. Although culturing in the lab 

was convenient, two problems interfered with its success. One 

problem was inability to regulate temperature. Temperature at 

times approached 26°C whereas the temperature in the lake was 

approximately 18°C. Another possible problem was the lack of an 

extensive water filtration system in the aquarium.
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The second objective of my study was to learn more about the 

organization of the canal system in the freshwater sponge. On the 

basis of shape and size, I interpret the light circles (visible in Fig. 

5) to be flagellated chambers . Channels connecting the flagellated 

chambers, however, were not obvious. The connections might have 

been visible if the canal system had been labeled or defined by 

carmine or India ink.

The presence of the flagellated cells on the exposed surfaces 

of the outgrowth was unexpected. This observation suggests a 

possible model for the formation of flagellated chambers. 

Conceivably, the flagellated cells were incorporated into flagellated 

chambers as the advancing growth front grew beyond and around 

them (Fig. 10).
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Flagellated Chamber

Flagellated Cell

Incurrent Canal

Figure 10. Model for the development of a flagellated chamber. This 
is a sequence over time with A representing the earliest stage and D 
as the latest. Arrows indicate direction of growth.
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