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Introduction

Taxonomically, sponges belong to the Phylum Porifera. The name Porifera 

(from the Latin porus, pore) was coined in the mid-nineteenth century by R.E. Grant 

to designate the phylum of these simple animals.

The Phylum Porifera is divided into three classes. Freshwater sponges belong 

to the Class Demospongiae, comprising 95% of total sponge species (Pearse and

Buchsbaum 1987). This class is defined by its skeletal structure which may consist 

of horny fibers (spongin), siliceous spicules (not triaxon), or both. Of the eight

orders, freshwater sponges belong to the Order Haplosclerina, consisting of

monaxon spicules and spongin. Most freshwater sponges belong to the Family

Spongillidae while a few belong to the recently described family, the Metaniidae

(Frost 1991). The Spongillidae consists of 125 species, 25 of which have been

identified in the U.S..

While much work and study has been carried out on marine sponges, there

has been less study of freshwater sponges, with little or no study of sponges 

indigenous to Montana. The present study will attempt to provide a preliminary

focus on three aspects of freshwater sponges in this area. My main objectives focus

on laying a foundation for future studies in morphology, cell dissociation and

culture, histocompatibility, and to work out basic procedures in each section. Since

this thesis encompasses three distinct sections, each section will be considered

separately.
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Section 1: Morphology
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Literature Review

It was not until the mid-nineteenth century, when sponge morphology and 

physiology were beginning to be understood, that sponges were accepted as animals 

(Meglitsch 1967). Previous to this, sponges, along with some coelenterates and other 

lower invertebrates, were called zoophytes ("animal-plants") by Renaissance and 

later scholars (Bayer and Owre 1968). Since sponges lack organs and easily 

recognizable external animal characteristics, early confusion is easily understood.

While the structures of saltwater sponges have been described in detail, the

structures of freshwater sponges have not. Except where noted, the following

description of freshwater sponge structure is based on information related by

Pennak (1978).

The size of the freshwater sponge is highly variable, depending on the species,

age, and various ecological conditions. Some species may mature having a surface

area of only a square centimeter, while others may cover an area of as much as

forty square meters. These sponges may grow to be from one to two millimeters

thick to as much as four centimeters thick. However, as sponges grow from year

to year new tissue is added to the top of dead tissue remaining from the previous

year’s growth.

The growth form of the freshwater sponge may be encrusting and matlike, 

• or it may exhibit numerous papillae, branches, or an irregular lobed growth form.

Sponges may also exhibit more than one type of growth. For example, the sponge
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Eunapius fragilis may exhibit a smooth uniform crust; it may be robust, with an 

irregular surface and loose texture; or it may consist of many branching lobes.

• Individuals are generally more lobed and elaborate in standing water than in

running water.

Further, sponges have been described as having three basic structural types 

(Pearse and Buchsbaum 1987)(Fig. 1). The simplest, or ascon type is rarely seen. 

Its body takes the form of a radially symmetrical vase. It has surface pores that 

lead directly to a central cavity lined with collar cells. The second type, or sycon

type is also relatively uncommon. It is very similar to the ascon type except that its 

wall has been pushed out into radially arranged projections called radial canals.

The pores lead to incurrent canals that connect with the radial canals. The collar

cells have also migrated to the radial canals leaving the central cavity bare. The

leucon type, representative of all freshwater sponges, is the most complex in

structure. It carries to a greater extreme the degree of branching of the incurrent

channels and has an enormous number of microscopic, flagellated chambers. The

greater surface area in the leucons allowing for a higher pumping rate of water,

bringing in more food and water and expelling previously filtered waste with more

force. Specimens of S. lacustris typically filter more than 6 ml/hr/mg dry mass of

tissue during the summer (Frost 1991).

Sponges also vary in color. Those individuals growing on the upper

sides of surfaces in shallow water are usually green due to the presence of

chlorophyll in contained algal cells. If the individual is found on the under side of

4



Fig. 1. Sponge organization plans. A. ascon plan. B. sycon plan. C. leucon plan. (Adapted Bayer 
and Owere, 1968.)

c
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objects or in deep water, the color may range in shades of dark brown, tan, gray, 

or even red. While some individuals are never green, others are usually colored by

* chlorophyll, food particles, or metabolic minerals in the tissues.

The body of the sponge is simple with no organs and relatively unspecialized 

and loosely organized tissues (Fig. 2). The outside bears two types of openings. 

Microscopic ostia in the epidermal membrane can be found in abundance allowing 

the passage of water with food and other minerals into the sponge. The oscula are 

openings located usually at the end of a small chimney-like projection and are 

relatively few in number. These openings are typically much larger than ostia and

allow the passage of water and wastes from the sponge.

Inside, the freshwater sponge is a maze of connecting channels, spaces, and

chambers. Typically, the ostia open into an extensive subdermal cavity lined by an

abundance of tiny incurrent canals leading deeper into the sponge. At the end of

the incurrent canal is an opening, the prosopyl, which leads to a microscopic,

spherical cavity called a flagellated chamber. From the flagellated chamber is an

opening, the apopyle, which leads to another tiny canal, the excurrent canal. Each

excurrent canal leads to a larger central cavity that opens to the outside through the

osculum. The arrangement of canals and chambers found in the freshwater sponge

is known as the rhagon type (a variation of leucon type).

The epidermis may vary from one sponge to another. In some species the

* outer epidermis is a syncytium with scattered nuclei, while others exhibit definite 

cells with separating membranes. These cells, called pinacocytes, also line all the
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Fig. 2. Cellular organization of the leueon sponge. Abbreviations: OC, osculum; OS, ostium; IC, 
incurrent canal; EC, excurrent canal; FC, flagellated chamber; PC, pinacocytes; AC, amoebocyte; 
M, mesohyl; S, spicule; P, prosopyle; A, apopyle.
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internal canals and spaces except the flagellated chambers (Bayer and Owre 1968). 

Some pinacocytes are contractile and are called porocytes (Meglitsch 1972).

• Porocytes have been found in some freshwater species and can produce a slight

reduction in surface area (Bayer and Owre 1968).

The cells that line the flagellated chambers are called collar cells or 

choanocytes. The outer surface of the cell exhibits a ring of fingerlike microvilli that

surround a long flagellum. The flagellum beats in a spiral fashion drawing water

through the collar of microvilli and away from its tip. The microvilli are separated 

by a 0.1 gm space. These spaces are bridged with fine mucoid (glycoprotein)

filaments trapping any organic particles or microorganisms larger than 0.1 /un

(Pearse and Buchsbaum 1987). The cell will then ingest and sometimes digest the

entrapped particles. Often, however, food particles will be passed on to

amoebocytes for digestion (Meglitsch 1972). The currents created by the choanocyte

flagella are responsible for producing the water currents that bring in food and

oxygen and expel wastes.

The space between the layers of epithelium, called the mesohyl, is filled with

a jelly-like extracellular matrix. This matrix is also called the mesenchyme (Bauer

and Owre 1968) or mesoglea. The matrix is made of a polysaccharide ground

substance laced with fine fibrils of spongin (Pearse and Buchsbaum 1987). Located

in the matrix are mesenchyme cells that can move about in an amoeboid fashion.

These cells are called amoebocytes and are thought to be capable of specializing.

Some develop pseudopodia that can unite to form syncytial units; these are
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collenocytes. Chromocytes contain pigments, and thesocytes are filled with reserve 

food (Meglitsch 1972). The archaeocytes are amoebocytes capable of differentiating

• into any of the other types of cells (Bayer and Owre 1968). Scleroblasts are skeleton 

forming cells that are specifically called silicoblasts in freshwater sponges because 

they form siliceous spicules (Meglitsch 1972). Also spongioblasts form spongin fibers

that bind megascleres or large spicules.

Freshwater sponges contain needlelike spicules that serve to support the

meshwork of tissues. There are two types of spicules. The megascleres (skeletal 

spicules) are large spicules. They form a reticulate network through and in the

tissues, and around and through the many cavities and channels. There are also

loose overlapping megascleres that radiate outward from the center or base of the

sponge which frequently extend through the external epithelium. The microscleres

(flesh or dermal spicules) are smaller spicules, abundant in the periphery of the

sponge body. They are arranged haphazardly and are lacking in some species.

Megascleres and microscleres may be sharp or blunt at the ends with few to

numerous spines of varying size according to the species. Spicules are made of a

siliceous material having 92% silicon dioxide, 7% water, and smaller amounts of

magnesium, potassium, and sodium oxides. Minute amounts of spongin that are

fibrous and veinlike bind the megascleres together.

Though sponges are totally sessile and exhibit no definite muscle system, a

* few specialized amoebocytes, called myocytes, have the ability to contract. Also a 

few "nervous type" cells have been identified but not much is known about them.
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In Ephydatia fluviatilis, it has been shown that the oscular chimney can continuously 

and slowly change in form, from high to low and from wide to narrow. Also, if

• unfavorable conditions arise, the oscula can close in a few minutes. This contraction

is produced by myocytes around the openings.

Certain ideas concerning sponge sexuality were unsettled for many years. 

Previously it was thought that most sponges were hermaphroditic, producing both 

egg and sperm simultaneously (Pearse and Buchsbaum 1987). Recently, however,

it has been proposed that freshwater sponges are dioecious, producing only one type

of gamete but capable of switching sexes from one season to the next ( Frost 1991).

Oogonia are essentially amoebocytes that grow by absorbing and ingesting a

number of adjacent cells. At maturity the egg is large and lies loosely in one of the 

internal cavities of the sponge. Sperm, however, are thought to develop from

choanocytes that lose their collars and flagella, become amoeboid, migrate into the

mesoglea, and function as spermatogonia. Mature sperm are formed in abundance

in "baglike" follicles. The sperm are then released into the chambers where they

may fertilize any eggs present, or they may pass through the oscula into the

surrounding water where they may be drawn in to the chambers of other sponges

to fertilize mature ova.

After fertilization, a flagellated embryo is formed and released into the

surrounding water. The embryo swims for a few hours or days until it settles on a

substrate where it will metamorphosize to form a minute sponge.

Sperm and egg production occur mostly during July and August, and to a
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lesser extent in June and September. In the autumn most of the sponge body dies 

or becomes dormant. Although sometimes it does not revive in the spring, it is more

• common for the surviving remnant to revive and continue growth. Thus a specimen

may expand and grow in thickness from year to year, but with only its outer layer 

being alive and active. Often a sponge will remain green and active throughout the

year, even under ice.

In some species, unfavorable conditions may cause the tissues to shrink and 

the canal system to disappear, leaving the epidermis surrounding a mixture of 

mesenchyme cells, mesoglea, choanocytes, and spicules. This structure, called a 

reduction body, may grow and generate a new sponge under favorable conditions.

Further, the formation of cyst-like resting stages, called gemmules, is highly 

characteristic of freshwater sponges. They consist of a mass of food-filled

mesenchyme cells, covered by a dead, secreted outer layer and a covering of

spicules. Gemmules range in diameter from about 150 to 1000 gm. These highly 

resistant resting stages may be deposited in a compact basal layer in a sponge, or

they may be scattered throughout the sponge body. Gemmules may be produced at

any time during the growing season. Development usually begins as a mass of food-

filled amoebocytes, called thesocytes (Frost 1991). A thin inner sclerotized

membrane is formed around each mass, followed by a heavier, outer sclerotized

membrane having a single foraminal area. Beyond this, another crustlike coating

is deposited filled with spicules. This is the pneumatic layer. Sometimes an outer

sclerotized membrane may be deposited over the pneumatic layer. Gemmules are
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able to withstand repeated freezings and thawings and are capable of germinating 

after having been dried for three years or more. Germination may occur any time

• at water temperatures between 13-23°C and may be aided by algae contained in the

gemmules. The germination process may require from two weeks in the autumn to 

a couple of days in the spring. During this process the membrane covering the

foramen disappears while the mass of amoebocytes flow out to cover the gemmule 

shell. The amoebocytes undergo a differentiation process to form the first cells of

the different tissue types. Further growth and development then occurs.
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Materials and Methods

Specimens were collected by hand at Salmon Lake, about 30 miles east of 

Missoula, Montana. Sponges were collected in May-June, 1992. Samples of 

Ephydatia muelleri were collected from rocks located about half a meter below the 

surface of the water. The specimens were then transported back to the laboratory 

in jars containing water taken from the source of collection. Small specimens, about 

1 cm square, were fixed for 24 hours in Bouin’s fixative (see Appendix A). Bouin’s 

fixative was used because it penetrates the tissues rapidly and is a good fixative for 

most purposes. After fixation the specimens were dehydrated in a graded series of 

ethanol (EtOH) solutions (70, 80, 90, 100%). Specimens were often allowed to

remain overnight in 70% EtOH. The dehydrated specimens were then cleared with

xylene to provide a transition state between dehydration and embedding agents

which are immiscible (Sheehan and Hrapchak 1973). At this point the specimen was

ready to be embedded in Paraplast. The individual pieces were infiltrated with

liquid Paraplast to remove any residual xylene and to provide internal support to the

porous sponge during sectioning. After the specimen was adequately infiltrated, a

square mold was created into which a small amount of liquid Paraplast was poured.

The Paraplast was soft and somewhat fluid when the specimen was placed into the

mold. Paraplast was allowed to solidify in the base for a few seconds. Liquid

Paraplast was poured into the mold using ample amounts to cover the specimen 

thoroughly. The mold was then allowed to harden for at
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least two hours. After hardening the mold was removed revealing a Paraplast

embedded sponge (see Appendix B for procedure), 

t The mold was then be mounted on the microtome mounting block by melting

a small amount of Paraplast onto the grid of the block and then setting the mold on 

top with the face to be sectioned furthest away from the grid. Placing this in the 

freezer for about 5 minutes provided for greater strength where the block and mold

meet.

The block was then be mounted onto the microtome. A Spencer microtome

was used for sectioning. Sectioning thickness ranged between 6 to 10 /im for

sectioning, with best results being obtained at 10 gm. The microtome knife was set

at an angle such that the surface facing the specimen was close to being parallel.

After a ribbon of satisfactory sections was produced, the sections were

mounted on a moist, preheated slide using forceps. The ribbon was completely

saturated with water. The ribbon was then oriented on the slide with the use of

forceps and allowed to dry.

The slides were then stained using a hematoxylin and eosin staining protocol 

modified from Sheeham and Hrapchak (1973) and Raphael (1976). The slides were

deparaffinized in xylene and hydrated through graded alcohols. In hydration,

lithium carbonate was incorporated to remove the yellow color from Bouin’s fixative

which would otherwise interfere with staining. The slides were carefully rinsed and 

* then stained in Delafield’s hematoxylin for 10 minutes. The slides then were

decolorized in acid alcohol (Hcl-EtOH), washed, and placed in 1% lithium carbonate

14



until the section appears blue. The slides were then carefully washed and counter 

stained in 1% aqueous eosin Y. The slides were further washed, dehydrated in

0 absolute EtOH, cleared with xylene, and then mounted with permount and a

coverslip. The slides were examined and photographed with a Nikon Optiphot

microscope equipped with an AFX camera unit.

15



Results and Discussion

Internal structure of a freshwater sponge (E. muelleri) can be seen in Figures 

3 and 4. Figure 3a illustrates the various chambers and canals in the sponge. 

Notable structures include spicule fragments and flagellated chambers. The rough, 

fragmented spicule is a portion of a megasclere, as is the large, smooth, intact 

spicule. In this species, megascleres are straight to slightly curved being between 

200-350 gm in length while microscleres are absent (Frost 1991). The micrograph 

may not be an accurate representation of the spicules in a natural setting. Because 

spicules are hard they may be pushed through the tissues during sectioning into a 

new orientation. The flagellated chambers are located around what appears to be

a canal. These chambers are lined with choanocytes which have been stained 

heavily. The dark pink "sac-like" structures located throughout the section are

thought to be follicles in which sperm are located. Figure 3b illustrates the outer

epidermal membrane of the sponge as well as some cross-sectioned canals and a

large subdermal cavity. Directly below the outer epidermal membrane is the 

subdermal cavity. Flagellated chambers are situated below the subdermal cavity.

16
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Fig. 3. Internal structure of a freshwater sponge. Abbreviations: RS, rough spicule; SS, smooth 
spicule; FC, flagellated chamber; EM, epidermal membrane; SC, subdermal cavity; C, 
canal; F, follicles.
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Figures 4a and 4b illustrate fields under high magnification. These 

micrographs demonstrate the mesohyl containing various types of amoebocytes. In 

Figure 4a the mesohyl containing the amoebocytes can be seen as well as several 

flagellated chambers. The choanocytes lining the chambers stain heavily. The 

flagella extending from choanocytes extend into the lumen of the chamber (Fig. 4b). 

The "sac-like" structures believed to be sperm-containing follicles are also visible

(Fig. 4b).

The steps taken in preparing these slides require care. There are many

places where error may destroy hours of work. Fixing, dehydration, and clearing 

the specimen are simple and straightforward tasks. Prior to embedding, however,

care must be taken that the specimen is not handled with forceps between stages.

The sponge becomes more brittle during processing and is very delicate.

Maintaining the integrity of the specimen is of vital importance in morphology.

It is best to begin heating the oven with the Paraplast long before dehydration

and clearing is begun. This will save time by providing liquid Paraplast which takes

most of the day to melt. Special care should be taken that the Paraplast is not

heated above the recommended temperature noted on the package. Heating the

Paraplast above the recommended temperature will cause the polymers to denature

leaving the Paraplast a brittle material that will crumble during sectioning. A hard

Paraplast with a high structural temperature is recommended for sectioning.

Creating the mold is another step that requires some practice. Care must be

taken that the poured base is not allowed to harden too much. If it does it will be

18



Fig. 4. Flagellated chambers of a freshwater sponge. Abbreviations: FC, flagellated chamber; FL, 
flagella; M, mesohyl; C, choanocyte; F, follicle.
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unable to fuse with the top portion and will break off during sectioning. The 

objective is to find a point where the base can harden enough so the specimen placed 

in the mold will adhere and not have its position shifted when the encasing Paraplast 

is poured. Removing the specimen from the infiltrating Paraplast proved to be 

difficult. In doing so, the Paraplast hardens very quickly when exposed to the air. 

The infiltrated specimen was most easily transferred to the embedding mold using

forceps.

When mounting the Paraplast block onto the Microtome block care was taken 

that they adhere strongly to one another before placing it into the microtome. The 

most feasible way to do this is to be sure that the grid is clean and clear and to use

liquid Paraplast that has not been heated beyond the recommended temperature

when attaching the specimen block.

While sectioning I had to make sure that the microtome remained clean. The

microtome knife was periodically checked for nicks and pieces of debris. If the 

knife is not thoroughly clean the sections will split and become useless. Adjustment

of the microtome knife may be necessary to maintain a straight ribbon of section.

Further, if the air is too dry static electricity may build up and sections will adhere

to the microtome producing nonuniform ribbons.

When placing the ribbons on the moistened slide it may be necessary to add

a little more water to the slide to saturate the Paraplast. Care must be taken that

the water does not go over the edge of the slide because the ribbon will follow. Also,

the temperature of the warming tray should not be so hot as to cause complete
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melting of the Paraplast . Melted Paraplast inside the specimen destroys its integrity

and the slide is rendered useless.

During the dehydration, clearing, and embedding process, both the maximum 

and minimum times noted for each step were tried. Though no differences in the 

final outcome of the specimens were apparent, I feel that any question of error may 

be dismissed by incorporating the maximum time allotment.
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Section 2: Cell Dissociation and Culture
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Literature Review

Sponges have been noted for their ability to reaggregate after their cells have 

been dissociated (Buscema, De Sutter, and Van De Vyver 1980; McClay 1971;

Humphreys 1963). There are two general methods for cell dissociation, each capable

of some modification. A chemical method using calcium and magnesium-free water

preserves the functional integrity of molecules involved in cell adhesion (Humphreys 

1963; McClay 1971; Buscema, De Sutter, and Van De Vyver 1980). Mechanical

methods involving tissue being pressed through nylon gauze or #24 mesh bolting

cloth may also be used, or a combination of both chemical and mechanical methods

(Humphreys 1963; McClay 1971; Buscema, De Sutter, and Van De Vyver 1980).

Usually any loose clusters remaining after the procedure may be easily broken up

by flushing the suspension through a Pasteur pipette with a one-millimeter orifice

(Humphreys 1963). After dissociation, cells may be maintained by keeping them

immersed in water found at the source of gathering. Others suggest maintaining cell

suspensions in moisture chambers and then disaggregating them as previously done 

(McClay 1971).
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Materials and Methods

The method used in the dissociation of cells combined the use of mechanical

and chemical means. Initially, small specimens cut to about one square centimeter 

were repeatedly diced until the specimen was liquified. The specimen was gathered 

in calcium and magnesium-free medium. This suspension was then pushed through 

Nitex mesh. Mesh with both 10 /an and 20 /an pores was used. The specimen was

gathered in water taken from the source of collection and centrifuged. The

supernatant was then pipetted off, more water was added, and the pellet was

resuspended by vortexing it with three Five-second pulses. The last portion of this

procedure was repeated three more times beginning with the centrifugation of the

suspension, (see Appendix A).

The resulting dissociated cells were then counted using a hemocytometer and

placed in 35 ml dishes. A quantity of about two millon cells per 35 ml dish was

established. The cultures were stored in water obtained from the site of collection.

The water was replaced every one to two days by removing the old water with a

pipette and then adding fresh water until the cells were completely covered.

The cultures were removed at intervals (1, 3, 5, and 7 days), fixed in

methanol (40%) and stained with Wright’s stain. Photographs were then taken with

a Nikon Optiphot microscope equipped with an AFX camera unit.
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Results and Discussion

Methods used here are based on previous research (Steinberg 1958 as found 

in Humphreys 1963). The need to break intermolecular bonds in cell adhesion

without destroying macromolecules led to use of a chemical procedure incorporating 

calcium and magnesium-free water (Humphreys 1963). While mechanical means 

were developed to fill the basic need to dissociate cells, it is usually combined with

chemical dissociation methods for thorough results.

The examined cultures were completely dominated by bacteria with the

exception of a few algal cells (Fig. 5). Few if any sponge cells were visible. At an 

unknown point in the process the dissociated sponge cells were lysed leaving a

culture of green algae and bacteria. The results of this experiment were

inconclusive.
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Literature Review

Until recently, specific immune systems with selectively inducible 

responsiveness and a memory component were thought to be restricted to vertebrates

(Hildemann, Johnson, and Jokiel 1979). However, in lower invertebrates, allogenic 

incompatibilities have been reported in sponges and corals (Neigel and Avise 1982).

The occurrence of specific allogenic rejections may represent the origins of both cell- 

mediated immunity and the major histocompatibility complex of higher vertebrates 

(Hildemann, Johnson, and Jokiel 1979). Little work has been carried out on sponge 

incompatibility using the grafting technique, but for the few investigated species it 

appears that autografts fuse while allografts and xenografts are rejected (Hildemann,

Johnson, and Jokiel 1979; Neigel and Avise 1983; Van De Vyver and Barbieux 

1983). In earlier reports it was concluded that some allografts and xenografts could

fuse. However, these earlier conclusions failed to take into account the different 

manifestations of rejection (Van De Vyver and Barbieux 1983). Under experimental 

analysis incorporating the use of transmission and scanning electron microscopy, 

allografts and xenografts always exhibited rejection (Van De Vyver and Barbieux 

1983; Markezich and Francis 1991). Subsequently, it was demonstrated that

rejection of individuals of the same species could be attributed to the existence of 

strains that are mutually incompatible (Van De Vyver, Holvoet, and Dewint 1990). 

Distinct manifestations of the immune response are shown in interactions between 

related species and between unrelated species (Van De Vyver and Barbieux 1983;
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Mukai and Shimoda 1986; Van De Vyver, Holvoet, and Dewint 1990). Based on 

experiments using Eunapius fragilis, Mukai and Shimoda (1986) proposed five 

general classes depicting variations in fusion and rejection. These classes 

demonstrate varying degrees of fusion and rejection ranging from complete fusion, 

a temporary fusion followed by rejection, to complete rejection. Further study by 

Van De Vyver, Holvoet, and Dewint (1990) added to the data obtained by Mukai

and Shimoda (1986). This work led to seven histocompatibility reaction types in

freshwater sponges:

1. Long-lasting fusion (more than 24 hours) with differentiation of a temporary common

aquiferous system followed by the complete separation of the alien sponges.

2. Long-lasting fusion with temporary involution of both sponges followed by their complete

segregation and reconstitution.

3. Long-lasting fusion followed by necrosis of the zone of contact.

4. Short-lasting fusion (less than 6 hours) followed by the secretion of a collagen barrier

between the alien sponges.

5. Short-lasting fusion followed by complete separation of the alien sponges.

6. Short-lasting fusion restricted to the constitution of temporary cell bridges followed by

complete separation of the alien sponges.

7. Absence of initial fusion and collagen barrier secretion.

Further, Mukai and Shimoda (1986) proposed that compatibility of individual

strains appeared to be maintained through sexual as well as asexual reproduction.
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Materials and Methods

The same specimens were used in the histocompatibility studies as in

morphology studies. Both green and tan samples of Ephydatia muelleri were used.

We cut small sections, about a half inch in length, from each species and made the

subsequent grafts:

1. Autograft: consisting of two samples taken from the same individual. A

green sample of Ephydatia muelleri was used.

2. Allograft: consisting of two samples of the same species taken from

separate individuals. A green sample was grafted to a tan sample.

3. Xenograft: consisting of two samples taken from two different species.

Samples of Ephydatia muelleri and Spongilla lacustris were used.

The grafts were made by tying the sponge pieces together with nylon string 

such that the original outer lying surface touched. These sections were then placed 

in a container and completely covered with water taken from the source of

collection. The water was changed daily. After one week the nylon was carefully

removed with clippers and the specimens were examined.
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Results and Discussion

In performing the experiment described, it was imperative that the initially

exposed outer surfaces of the specimens came into direct contact as they would in

a natural setting. The nylon string used to bind the specimens together was tight

enough that contact was not lost and the surfaces did not shift, but loose enough that

they were not pinched.

After one week, the samples were taken out, examined, and photographed

(Fig. 6). The allograft, consisting of the tan and green graft combination,

immediately fell apart resulting in a failure to fuse. There were no visible signs of

tissue necrosis (cell death) or other oddities noticed at the point of contact.

The xenograft involved grafting of two separate species. This sample was 

allowed to sit for one week as previously described. This graft also fell apart upon

removal of the nylon string. One of the specimens may have contained many dead

cells and therefore have been unable to show signs of rejection or acceptance.

Upon removal of the nylon string from the autograft, the sponges remained

firmly joined to one another. This fusion was complete, showing no signs of tissue 

necrosis or collagen development. In this case, fusion was considered to be a sign

of acceptance because the line of fusion was almost completely indistinguishable. 

Our results appeared to be consistent with those of earlier studies, yet reaction

specifics remain unknown. A more accurate description of individual reactions

could be made by creating similar samples and by examining them between the
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beginning of the experiment and a couple of hours afterward to determine if short

lasting fusion and any type of temporary cell bridge formation occurs.

• Further study requiring more depth may necessitate the need to make slide

cross sections or require the use of electron microscopy.

J
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Fig. 6. Freshwater sponge grafts. A. autograft; arrow, zone of fusion. B. allograft; arrow, line of 
separation.
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Final Note

These experiments were carried out with the intention of providing the 

groundwork for further study. Much of the effort in this study was directed toward

adapting published methods for use in our laboratory. Attempts were made to

identify and solve problems associated with these methods.
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Appendix A

Procedure for Dehydrating, Clearing, and Embedding in Paraplast (from Humason, G.L., Animal 
Tissue Techniques, 1962.)

1. After fixation in Bouin’s fixative, dehydrate in the following series using ethyl alcohol (all 
steps at room temperature):

50%, 1 hour 
70%, 1 hour 
95%, 1-1.5 hours 
100%, 0.5-1 hour 
100%, 0.5-1 hour

2. Clear with toluene (alternatively, with xylene), 2 changes, 0.5-1 hour each
3. Infiltrate with liquid Paraplast, 2 changes, 0.5-1 hour in oven
4. Embed in Paraplast:

A. Pour small amount of molten Paraplast into embedding mold and allow to harden
B. Transfer tissue block into mold
C. Fill mold with molten Paraplast

Notes:
1. During dehydration and clearing, pour off reagent and remove last few drops 

using Pasteur pipet (avoid handling the tissue block with forceps
2. Don’t leave the tissue in any of the reagents for longer than the time indicated (the 

exception is 70%; tissue can be held overnight in this solution)

t
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Appendix B

Procedure for Hematoxylin and Eosin Staining (modified from Sheehan and Hrapchak and Raphael 
et al.)

1. Deparaffinize in 3 changes of xylene, 3 min. each
2. Hydrate through graded alcohols as follows:

A. 100% ethanol (EtOH), 2 min.
B. 95% EtOH, 2 min.
C. 80% EtOH, 2 min.
D. 70% EtOH saturated with lithium carbonate, 2 min. (include this step only after 

fixation with Bouin’s)
E. 70% EtOH, 2 min.
F. Gently running tap water, 1 min.
G. Distilled water, 1 min.

3. Stain in Delafield’s hematoxylin, 10 min.
4. Dip in tap water, 10 sec.
5. Decolorize in 1% concentrated Hcl-EtOH (1% cone. Hcl in 80% EtOH) mixture, dip 2-3x, 

10 sec. each
6. Rinse in 2 changes of tap water, 20 sec. each
7. Intensify color by placing slides in 1% lithium carbonate, 30 sec. (until section appears 

blue)
8. Wash in tap water, 2 changes, 3 min. each
9. Counterstain in 1% aqueous eosin Y, 0.25-2 min.
10. Rinse in tap water, 30 sec.
11. Dehydrate in absolute EtOH, 3 changes, 30 sec. each
12. Pass through 2 changes of xylene, 20 sec. each
13. Mount in Permount
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Appendix C

Dissociation procedures:

I. "Sieve" techniques
A. Variation I (from Burlando, B., and Gaino, E. 1987.

Substratum-attached material from dissociated sponge cells as a possible 
explanation for their non-random motion. Eur. J. Cell Biol. 44:39-41)

1. Squeeze fragments of sponge through 10 gm meshed cloth into 5-cm plastic 
dishes

Notes: dissociate no later than three days after sampling; final concentration of 
cells 200/mm2

B. Variation H (from Noble, P.B., and Peterson, S.C. A two-dimensional random- 
walk analysis of aggregation sponge cells prior to cell contact. Exp. Cell Res. 
75:288-290)

1. Cut sponge into small pieces (approx. 2x2x2 mm)
2. Wash fragments in filtered sea water (0.45 gm Millipore)
3. Force pieces of sponge through syringe fitted first with 18 gauge needle and 

then with 25 gauge needle
Note: yields monodisperse cell suspension

II. "Ca, Mg-free medium" technique ( from Curtis and Van De Vyver)
1. Place sponge fragments in to Ca, Mg- free medium containing:

34.0 Mm NaCl 
1.34 Mm KC1 
1.38 Mm glucose 
1.07 Mm NaHCOj 
0.7 Mm K2HPO4 
0.25 Mm EDTA (diNa)

adjust to Ph 7.8 with 6 Mm Tris
2. Let sit for 7 min. at room temperature (approx. 20°C)
3. Mechanically disperse the cells by pipetting
4. Centrifuge cells at 200 x g for 5 min.
5. Resuspend in Rasmont medium

III. "Vortex" technique (adapted from mechanical dissociation of embryonic chick skeletal 
muscle)

1. Cut sponge into 2x2x2 mm pieces and wash in filtered water (lake water of 
Rasmont medium)

2. Transfer fragments into Ca, Mg-free medium (see above for composition) of 
into filtered water in 15 ml plastic centrifuge tube (sterile)

3. Vortex at low speed (3 x 5-second pulses)
4. Filter through 20 gm Nitex (contained in Swinnex unit) into water of culture 

medium
5. Wash cells three times with water from the source of collection
6. Count cells and dilute if necessary
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