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It Couldn 't Be Oone 

Somebody said that it cou1dn't be done, 
But he with a chuck1e replied 

That "maybe it cou1dn!t," but he wou1d be one 
Who wou1dn't say so ti11 he'd tried. 

50 he buck1ed right in with the trace of a grin 
On his face. If he worried he hid it. 

He started to sing, as he tackled the th;ng 
That couldn't be done, and he did it. 

Somebody scoffed: "Oh, you'll never do that; 
At 1east no one ever has done 1t"; 

But he took off his coat and he took off his hat, 
And the first thing we knew he'd begun it. 

With a lift of his chin and a bit of a grin, 
Without any doubting or quiddit, 

He started to sing as he tack1ed the thing 
That cou1dn't be done, and he did ;t. 

There are tho~~jnds to tell you it cannot be done, 
There are thousands to prophesy fai1ure; 

There are thousands to point out to you one by one, 
The dangers that wait to assai1 you. 

But just buckle in with a bit of a grin, 
Just take off your coat and go to it; 

Just start in to sing as you tackle the thing 
That "cannat be done," and you'll do it. 

Edgar Guest 
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ABSTRACT 

The 9 e n e r a S p 0 n 9 i a and H i P P 0 s p 0 n 9 i a i n c l u d e a l lof the c om mer e i a l l Y 

important bath s ponges of t!,e Carl bbean fi shery. Thl s study exami ned the 

unifonn presence of immense symblOtic bacterlal populiltlOns of four of thf>se 

species: Hippospongla lachne, Spongla barbara, ~ ChelrlS and ~ ~!'~inea. 

The nutritional characterlstlcs and antlbiotlc sensltlvltles of hartprld 

isolated from the four species were 31so examlned. A combinee! llght and 

transm; ssion el ectron mi croscopic lnvestlgatlon outl lned thp reproductlVe 

processes and l arval development, behaviour, settl ement and metamorphosl S ln 

these four species. 

Symbiotic bactena ln these four sponge species are spcclfic to the 

sponges and different from ambient seawater bacterla. Popul atlOns of 

intercel1 ul ar bacteria \ollthin the ti ssues of these ~por,gcs ilre greater than 

those of ambient seawater. A vanety of murphologlcally dl fferent types 

of s po n 9 e - s p e c 1 f 1 C bac te r1 a \ole r e 0 b se r v e d • The 5 ym b ion t s are no t 

fastidious organlsms but util ize a variety of amlno aClds, carbohyrlratr>s and 

triearboxyl ic acid cycle intermediates as sole carbon and energy sources for 

growth. The bacteria showed sensitivitles to a variety of antlblOtlcs bllt 

were not susceptibl e to fl uid fram the sponges. 

These sponges are vlviparous and probably dloecious. Egg productlon 

and larval development are localized in patches or "nurseri~s" of f~ndosorni11 

tissue. Statistical analyses of specifie morphological characteristlc~ of 

female reproductive elements have identified four spf>clflC sta!Jcs HI th(' 

process of oogeneS1S. Umbll iCl connect young and mat~rlng embryos tn the 

maternal mesohyl and are the pathway for extracell ul ar transfer of 

intercellular symbiotic bacteria and other mesohyl substances. These 
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bacteria were observed in the embryos and larvae of all four species. 

Oocytes and embryos develop asynchronously within a given individual. 

Spermatogenesis occurs synchronously within cysts by transformation of 

entlre choanocyte chambers. Cysts develop asynchronously withln an 

indlvidual. Male gametes exhlbit a bright yellow-white autofluorescence 

when exclted with blue light (460-485 nm). Spermatozoa do not possess 

intermedlate segments or acrosomes. 

The incubated parenchymella larvae oi these four species are ovoid with 

dark grey plgm~ntatior and enlarged posterlor regions encircled by a black 

plgmented nng of cell s bearlng long ci lia. Laboratory behavioural studies 

lndlcate that free-swlmmlng larvae display dlrectional s\'limmlng wlth 

constant rotatlon and negatlve phototaxis. Larval behaviour probably 

rpflects the ecological sltuatlon of adult populations. Larval settlement 

occurs 26-56 hours after rel ease and invol ves the rapid formation of a 

bas a 1 l am e l l a b e t \Ie e n the l a r v a e and s u b s t rat e. The r e ; s no e v ide n c e 0 f 

sub~trate selectlon or orientation by l arvae. Precocious development of 

choanocytes does not occur in the l arvae or post-larvae or these four 

~pecies. 
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RESUME 

Les genres Spongia et Hippospongia comportent toutes l es éponges 

commercialement importantes pêchêes dans les Antilles. Cette êtude exarnlne 

l a présence général isêe d'immenses popul ations de bactéries symbiontes panni 

quatre de leurs esp~ces: Hippospongia lachne, Spongia barbara, ~ cheiris 

et S. grami~. Les exigences nutritives et la senslblllté aux 

antibiotiques des bactéries isolées de ces quatre espt!ces furent aussi 

considérées. Une étude combinée aux microscopes optique et électronique mlt 

en évidence les mécanismes de reproduction et de développement larvillre, et 

le comportement, la colonisation du substrat et la métamorphose chez ces 

quatre espêces. 

Les bac t é rie s s ym b ion tes d e ces qua t r e e s p t! ces d 1 é po n 9 es' e urs 0 n t 

spécifiques et difft!rent des bactéries de l'eau de mer amblante. Les 

populations de bactéries intercellulaires des tissus de ces éponges sont 

plus abondantes que cel les de l'eau de mer amblante. Une varlété de types 

morphologiques différents de bactéries spécifiques aux éponges fut observée. 

Ces bactéries symbiontes robustes util isent une variété d'acldes dmlnés, 

d'hydrates de carbone et d'intermédiaires d'acide tricarboxylique cyclique 

comme seules sources de carbone et d'énergie pour la croissance. Les 

bactéries sensibles a une variété d'antibiotiques ne l'étaient pas au fluide 

interne des éponges. 

Ces éponges sont vivipares et probabl ement dioïques. La production 

d'oeufs et le développement larvaire apparaissent par taches ou 

"pouponni li! res" dans l'endosome. Des analyses statistiques des 

c3ractéristiques morphologiques spécifiques des éléments reproducteurs 

ferne 11 es ont i dent ifi és quatre stad es di st i ncts du processus d'oogén~se. Un 
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cordon ombi 1 ical rel ie 1 e jeun€ et l'embryon en maturatior au mésohyl e 

maternel et est 1 e chemin du transfert extracell ul (lire des bactéries 

symbiontes interce1l ul aires et d'autres substances du mésohyl e. Ces 

bactéries furent observées dans les embryons et les larves des quatre 

esp~ces. Les oocytes et les embryons ont un développement asynchrone a. 

l';nténeur d'un individu donné. Une spermatogén~se synchrone se produit ~ 

l'intérieur de kystes par une transformation complête des chambres a 

choanocytes. Les kystes ont un développement asynchrone ~ l'intérieur d'un 

indi vidu. Les gamètes mâl es produisent une 1 umi ère autofl uorescente d'un 

jaune blanc vif lorsque excités par une lumière bleue (460-485 nm). Les 

spermatozo·,des ne poss~dent ni de segments intermédiai res ou d'acrosomes. 

Les l a r v es pa r e n c h ym e 11 air es, m c u bée s de ces quatre espèces sont 

ovoïdes avec une pigmentatlon grise et une région postérieure él argie 

encerclée d'un anneau de cellules pigmentées noires porteuses de cils longs. 

Les études de comportement en laboratoire indiquent que les larves libres 

sont capabl es d'une nage dirigée en rotation constante et montrent une 

phototaxie négative. Le comportement larvaire représente probablement la 

situation écologique des populations adul tes. La colonisation larvaire se 

produit 26 ~ 56 heures après leur libération et comporte la formation rapide 

de lamelles basales entre la larve et le substrat. Il n'y a aucun indice de 

sélectlOn du substrat ou d'orientation par les larves. Un développement 

précoce des choanocytes n'apparaît ni dans les larves ni dans les post-

larves de ces quatre esp~ces. 
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PREFACE 

1.) Statement of Or;ginality: 

This study presents the first comprehensive and comparative 

investigation of the processes involved in sexual reproduction in four 

sponge species belonging to taxonomically and economically important genera 

that have previously been neglected in biological studies. The use of the 

l ight and transmission el ectron microscope has permitted a combined gross 

and ultrastructural analysis of morphological characteristics occurring in 

the sequence of events during sexual reproductive processes. In addition, 

this study presents the first application of statistica1 analyses to 

determine specific morpho1ogica1 characteristics that distinguish stages in 

the process of oogenesis. 

This study presents the first record of the transfer of bacterial 

symbionts between generations in viviparous invertebrates. Furthermore, a 

unique mode of extracel1 u1 ar transfer of symbiotic bacteria in sponges has 

been demonstrated. The serendipitous observation of autofl uorescence in 

male reproductive elements of the four sponge species investigated is the 

first record of a definitive label that can be used to identify and fo11ow 

the devel opment of mal e gametes. In addi tion, the use of thi s 1 abel may 

have important implications in targeting cel1s invo1ved in the process of 

ferti1ization in sponges. 

2.) Historical background: 

An extensive historical background can be found in the General 

Introduction, and in the Introduction and throughout the text of each 

chapter. 
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3.) Declaration of assistance: 

The candidate acknowl edges the contributions of Dr. Henry M .. Reiswig 

and Dr. Robert A. MacLeod for supervision, guidance and advi~e during the 

relevant studies, their financial support and their critical review of the 

rel evant manuscri pts. In accordance with Section 7 of the McGi1l Facul ty of 

Graduate Studies and Research Thesis Regulations and Guidelines the 

candidate decl ares that the study design, field and 1 aboratory work, data 

anlayses and interpretation, and writing of the manuscripts was done by the 

candidate alone, as is clearly reflected in the candidate's position as sole 

or senior author of the manuscripts contained within this thesis. 

4.) Thesis fonnat: 

This thesis has been prepared as a series of manuscripts suitable for 

submission to referred scientific journals for publ ication. For this reason 

each chapter contains its own Abstract, Introduction, Material sand Methods, 

Observations and Results, Discussion and Conclusion, Acknowledgements and 

Lite~ature Citedj it understandably contains a certain amount of repetition. 

The present thesis format has been approved by the thesis committee and the 

Chairman of the Department. 

Cha pte r 1 i s pre sen t e d a 1 m 0 ste n tir e l yin the f 0 rm a tin wh i chi t wa s 

published. Minor changes were made to respect thesis format. Capter III i5 

presently being submitted. Chapter II is made up of two manuscripts, one 

has been accepted for publ ication and the other is presently bei ng 

submitted. The relevant journal titles have been indicated on the title 

page of each chapter. 
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GENERAL INTRODUCTION 

Sponges are, based upon a11 available evidence, the most primitive 

Metazoans. With the exception of the epithelial cells, they lack discrete 

tissues and do not develop any true organs. They consist of three basic 

cell types: pinacocytes, choanocytes and the totipotent 

archaeocytes/amoebocytes; cell differentiation in these animals is highly 

labile. As a phylum, the Porifera;s relatively small, containing about 

5,500 described species and an unknown number of undescribed species. They 

are aquatic animals, mostly marine; there are a few freshwater species that 

inhabit ponds, lakes and streams in most areas of the world. Sponges are 

capable of sexual reproduction by the formation of gametes from somatic 

cells, and they have incredible potentialities for asexual reproduction. 

At the beginning of this century, research on sponges was primari ly 

t a x 0 nom i c and h i s t 0 log i cal (M i ne h in, 1 9 00; S 0 11 as, 1 9 0 9; H ym an, 1 94 0 ) • 

Di scovery of sponge cell reaggregation by Wi 1 son (1907) turned attention 

towards the concept of cell recognition in the Porifera and, today, research 

on this phenomenon is at the fundamental, molecular level. However, most 

other aspects of the biology and ecology of sponges remain in their infancy 

for even the most frequently studied taxa. One of the greatest obstacles to 

gaining an understanding of some of the most basic biological systems in the 

Porifera is the difficulty of mainta;lIing ïlldrlne species in controlled 

1 aboratory conditions. 

The genera Spongia Linnaeus, 1759 and Hippospongia Schulze, 1879 

(Dictyoceratida) include all of the commercial'y important bath sponges (ca. 

10 spp.) of the world's fisher~es. In spite of their economic significance, 

few investigations have focused on the biology and ecology of these species. 
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Most of the avai 1 abl e 1 iterature on commercial sponges deal s wi th gross 

morphology and fi sheries aspects. There i s a gl aring l ack of information on 

their reproduction and development and the significance of immense bacterial 

populations harboured in the tissues of these species. 

Electron microscopie studies have eonfirmed the existence of large 

numbers of apparently symbiotic baeteria within the tlssues of many marine 

sponges. The symb10nts oeeur extraeellularly and intraeellularly within 

1 arge vacuol es of archaeoeytes (Bertrand and Vaeel et, 1971; Vaeelet, 1975; 

Wi 1 kinson, 1978a). Sponge-speeifie bacteria have been isolated (l'Ji l kinson, 

1978b) and sorne marine sponges are capable of distinguishing between 

baeter1a apparently ln symbiotic association and bacteria consumed as food 

(Wi 1 kinson, et~, 1984). The rel ationshi p appears to be beneficial to both 

the host and associate, eV1denced by the idea that sponge-specific bacteria 

are thought to have been assoeiated with sponges since the Preeambrian 

(Wi 1 kinson, 1984). At the very 1 east, the symbiont has a niche but may al so 

receive nutr1t1onal beneflt fram the hosto The effect on the sponge ;s less 

clear and probably varies with the bacteria. All speeies of dietyoeeratids, 

exam1ned and reported to date, have been observed to harbour massive 

po p u 1 a t ion s 0 f a var i et y 0 f m 0 rp h 0 log i cal 1 Y d i f fer e n t t Y P e s 0 fin ter cel 1 u 1 a r 

bactena. However, as yet, there;s little information available on the 

exact role of the hosts and their symbionts in this association. 

Chapter lof this thesis looks at the nutritional characteristics and 

antibiotic sensitivities of baeteria isolated from four commercial Caribbean 

sponge species: Hippospongia laehne, Spongia barbara, Spongia cheiris and 

and Spongia graminea. This study had two objectives: 1) to diseover if the 

symbionts have specifie nutritional requirements that may be met by the hast 

sponge and, 2) to discover if the host produees antimierobial substances 
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which do not interfere with their symbionts but do inhibit other 

microorgani sms. 

Recent and extensive literature reviews have reported numerous studies 

deal ing with sexual reproduction in sponqes (Fel 1 , 1983, Reiswig, 1983; 

Simpson,1984). In all of these reviews, however, there is a consistent 

lack of information on the reproductive prncesses in the dictyoceratids. 

What l ittle is known about these processes has been inferred from gross 

structural observations in the course of general studies on reproduction in 

three species: Hippospongia communis (Tuzet and Payans de Ceccatty, 1958), 

.!h,lachne (Storr, 1964) and Spongia officinalis (Liaci, ~.ù, 1971). The 

use of the el ectron mi croscope has prov ided more detai 1 ed i nformat ion on 

specific events during reproductive processes in other sponges. However, 

there is no available ultrastructural information on oogenesis, 

embryogenesis or larval development in the dictyoceratids; and only one 

u 1 t ras t ru c tu ra 1 st u d y ha sin v est i 9 a te d s perm a t 0 9 e n es i sin 0 ne 0 f the s e 

species (Gaino, et .!l, 1984, ~ officinal is). 

There is a lad of available information on the sequential events in 

morphogenesis, behaviour, settlement and metamorphosis of sponge larvae in 

9 e n e ra 1. Th i sin f 0 rm a t ion i ses sen t i a 1 toi nt e r pre tin 9 the r es u l t S 0 f 

ecological and biological studies of adult populations. A number of studies 

have investigated isolated aspects of larval biology in some marine sponges 

(Lévi, 1956; Warburton, 1966, Bergquist and Slnclair, 1968; Simpson, 196B; 

Fell, 1976; Evans, 197?) but there are only two studies that have reported 

on the specifie sequence of events in the life histories of larvae 

(Bergquist and Green, 1977, Bergquist, !!.!l, 1979). However, the 

information gleaned from many of these studies has been used in discussion 

of systematics and evolution, few have attempted ecological interpretations 
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of possible relevance to the adult populations. 

Chapter II and III of this thesis examine the sexual reproductive 

processes in four commercial sponge species: li:. lachne, 1:.. barbara, 1:. 

cheiris and 2. graminea. Chapter II looks at oogenesis, the transfer of 

bacterial symbionts, and larval development, behaviour, sett1ement and 

metamorphosis in these four species. r"is study had three objectives: 1) to 

statistically group female reproductive elements into stages based on 

specifie morphological charaeteristics, and to subsequently describe the 

sequence of events in the process of oogenesis and larval development, 2) to 

discover how intercellular bacterial symbionts are transferred to developing 

embryos, and 3) to describe the sequential events in the life histories of 

larvae, and to ecologically interpret the strategies as relevant to the 

adult populations. Chapter III looks at the reproductive cycles and the 

process of spermatogenesis in these same four species. This study had three 

objectives: 1) to describe the reproductive cycles and condition of sexual 

differentiation, 2) to discover whether temperature and salinity are factors 

that influence gametogenesis, and 3) to describe the sequence of events in 

the process of spermatogenesis. 

This thesis, as a whole, provides some of the basic inform~tion on the 

life histories of four species of dictyoeeratids and, at the same time, 

considers their symbiotic bacteria1 populations as major biotie components 

of an integrated community. For the most part, the studies have not tested 

hypotheses but reported basic scientific observations from which hypotheses 

can now be formul ated and tested. The status of our current knowl edge on 

reproduction and development in dictyoceratids is rudimentary. My intention 

was to provide a sol id foundation upon which future studies can build. 
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ABSTRACT 

large populations of intercellular bacteria have been found to be 

associated with the tissues of four commercial Caribbean sponge species. 

Several of these organisms were isolated and their nutritional 

characteristics and antibiotic sensitivities investigated in relation to 

those of marine and terrestrial bacteria. The sponge isolates are not 

fastidious organisms but util ize a variety of amino acids, carbohydrates and 

tricarboxylic acid cycle intennediates as sole carbon and energy sources for 

growth in a mineral salts medium. The sponge must supply one or more carbon 

and energy sources to support such relatively large populations of 

organisms. The organisms did not demonstrate a capacity to grow 

chemoautotrophically in the basal salts medium containing NaHC03 as a source 

of carbon and oxidizable inorganic compounds as energy sources. Seventy 

percent of the sponge associated bacteria and a11 of the marine and 

terrestrial bacteria survived in the basal salts medium and grew when a 

carbon source was added. The bacteria showed sensitivities to a variety of 

antibiotics but were not susceptible to fluid from the sponges. It is not 

evident why large populations of specific bacteria are found in the mesohyl 

of the sponges investigated in this study, however some suggestions are 

offered. 
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INTRODUCTION 

E l e c t r 0 n mi c r 0 seo pic st u die s h a v e con fi rm e d the ex; ste ne e 0 f 1 il r 9 e 

numbers of apparently symbiotic bacteria within the tissues of many marine 

sponges. In sorne of the sponges studied, the bacteria were found to 

constitute up to 40% of the living material and a variety of morphologically 

different types of bacteria were observed (Vacelet, 1975; Wi lkinson, 1978a; 

1978c). In other sponges the bacteria were scarce and each sponge species 

possessed one, and occasionally two morphologically different bacterial 

types (Vacel et and Donadey, 1977). 

It 1S not possible however, to gain an understanding of the specificity 

of these symbiotic associations or the role of the hosts and tlleir symbiorots 

in this association by structural studies alone. The possible roles of 

these symbiotic sponge bacteria have been investigated through extensive 

bacterial characterization studies. Wll kinson (1978b) found that there arll 

sorne heterotrophic bacteria that are specific to sponges and are not present 

i n am b i en t wa ter. 1 t ha s a l s 0 b e e n est a b lis h e d t ha t a t l e a st s om e J11 a r i n e 

sponges are capable of distinguishing between bacteria apparently in 

symbiotic association and bacteria consumed as food (Wilkinson ~~, 19B4). 

Recent studies have led to the discovery of a symbiosls between 

chemoautotrophic bacteria and marine invertebrates (Cavanaugh et~, 1981; 

Felbeck !!.!l, 1981; 1983; Southward ~~, 1981). These flndings have 

suggested that the bacteria are important to the nutrition, distribution and 

productivity of the host organisms and their communities (Cavanaugh, 1983). 

Studies on antirllicrobial activities of marine sponges have shmm that 

sorne sponges produce substances which frequently inhibit the gro\'/th of 

marine bacteria (Buikholder and Ruetzler, 1969; Bergquist and Bedford, 1978; 
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Amade, et.!l, 1987). Most of the sponges screened for biologically active 

substances also contain populations of bacteria within their tissues. 

However, few studies have considered the ecological and physiological 

signi ficance of the symbiotic bacterial popul ations within the sponges. 

Interpretations of the antimicrobial activities have been related to the 

rel evance of such substances to the ecology of the sponges. 

The symbiotic relationship between sponges and their associates appears 

to be beneficial to both the host and associate, evidenced by the idea that 

sponge-speclfic bacteria are thought to have been associated w;th sponges 

sin cet heP r e cam b ria n (~J i 1 k i n son, 1 9 84 ) • At the very 1 e a st, the s ym b ion t 

has a niche but may also recelve nutritional benefit from the hosto The 

effect on the sponge is less clear and probably varies with the bacteria. 

In the present study the tissues of four species of commercial 

Caribbean sponges: Hippospongia lachne, Spongia barbara, ~ cheiris and .h 

graminea were examined for the presence of large populations of symbiotic 

bacterla. Some of the symbionts were then isolated from the highest 

dl lutions of homogenates of these sponge tissues and examined for their 

nutritional characteristics and antibiotic sensitivities. 

It was hoped that this study wûuld provide added information required 

for an understanding of the symbiotic association between sponges and their 

bac ter i a, and the po s s i b 1 e r ole s 0 f the ho s t san d the i r s ym b ion t sin t hi s 

association. 
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MATERIALS AND METHODS 

Sponges: 

Four commercial sponge species: Hippospongia lachne, Spongia graminea, 

Spongia barbara, and Spong;a che;r;s were examined. These demosponges are 

common members of the fauna of Biscayne Bay, Florida (average depth 2.5 m) 

which has intermittent periods of turbul ence rel ated to seasona 1 weather 

conditions. The collection site (lat. 25°38'N; long. 80 0 12'W) is 

characterized by a coarse sandy bottom and has extensive areas covered in 

eel and turtle grass, small scattered corals, gorgonians and other sponge 

species. 

SaMpling and Preparation for Microbiological Analyses: 

Using SCUBA, tissues samples were removed ~ situ from specimens of the 

fou r s po n g e s p e cie s (1 0 ca t e d a t a de pt h 0 fIt 0 1. 5 m) us i n g pre ste r i 1 i z e d 

scalpel blades. The samples were placed in collecting bottles of sterile 

ambient seawater to "flush" the tissues of ambient seawater bacterla. 

Sterile 100 ml syringes were used to co1lect ambient seawater samples at the 

same time. A11 coll ect; ons were returned to the 1 aboratory at the 

University of Miami for immediate processing. 

Sampling and Preparation of Specimens for Microscopy: 

Using SCUBA, endosomal tissue samples were removed in situ from 

specimens of the four sponge species. The samp1 es were then fixed i!!. situ 

by p1acing the tissues in a syringe, egressing the ambient seawater and 

ingressing 2.5% glutaraldehyde in seawater (fixative). After returning to 

the laboratory, samp1es were placed in vials of fresh fixative for 16 hours, 

then rinsed in three changes of fresh seawater for 10 min each, post-fixed 
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for one hour in 1% osmium tetroxide in seawater, dehydrated in an alcohol 

series, cleared in propylene oxide and embedded in Spurr epoxy resin. 

Mi c roscopy : 

Epoxy blacks were sectioned on a Sorvall 'Porter··Blum' MT-2B 

ul tramicrotome at 0.1 ~m. Sections were fl oated onto formvar and carbon 

coated single-slot grids and stained for 20 min in saturated aqueous uranyl 

acetate and for 15 min in lead citrate. Sections were viewed and 

photographed wlth a Philips 410 transmission electron microscope operating 

a t 80 k V • 

Bacteria: 

In addition to the organisms isolated from the sponges the following 

organisms (from the Macdonald College, MeGill University collection) were 

al 50 examined: Pseudomonas doudoroffii (ATCC 27123), Alteromonas 

haloplanktis 214 (ATCC 19855), and Alcaligenes aestus 134 (ATCC 27128) which 

are marlne bacteria, and two terrestrial bacteria, Pseudomonas aeruginosa 

(ATCC 9027) and Escherichia col i K-12. 

Media Used: 

Al l of the bacteria examined in this study were initia11y isolated and 

then maintained on Difco marine agar 2216. The basal salts medium used in 

this study contained: NaCl, 300 mM; KC1, 10 mM; MgS04, 50 mM; KH2P04, 

0.33 mM; NH4Cl, 10 mM; Fe( NH4}2(S04)2' 0.005 mM; morphol inepropanesul fonie 

acid (~lOPS buffer), 10 mM; CaC1 2 , 2 mM (Martin and MacLeod, 1984). 

Small sub-sampl es, ca. 5 cm below the dermal surface, from the freshl y 

harvested sponge tissue samples in sterile seawater were a~eptically 

rellloved and blotted dry (to remove as much excess canal water as possibl e), 
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weighed and then homogenized using a sterile mortar and pestle. The volume 

of the resul ting l iquid suspensions was measured. The small er sub-sampl es 

were used to avoid contamination from epizoic organisms. lt shou1d be noted 

that there wi 11 be an error associated with the determination of wet weight 

and its rel ation to sponge bi omass due ta the water withi n canal s of the 

sponge tissue. Recorded weights probably reflect about 80 to 90% of the 

true weight of the sponge tissue. 

Sponge homogenates, prepared within 30 minutes after collecting the 

sponges, and ambient seawater samples freshly collected in sterile syrlnges 

were serially diluted in sterile seawater and spread-plated in duplicate on 

marine agar. The remainder of each homogenate from 1 speClmen of each 

sponge species was collected in a sterile tube and frozen for later use. 

The spread pl ates were incubated at 25°C dnd counted with the a1d of a 

Québec colony counter after 2, 4, 7, and 14 days. The bactenal 

populations, expressed as colony forming units (cfu) per gram wet weight of 

sponge tissue and per mil l il itre of ambient seawater, were averaged and the 

standard errors cal cul ated. Compari sons of the most common l y occurr1 ng 

bacterial colonies in the four sponge species and those in ambient seav/ater 

were made. Only those sponge bacteria distinguishabl e by Gram stain, colony 

and cellular morphology from the ambient seav/ater bacterla \'/ere exarn1ned ln 

this study. These sponge-specific colonies were streaked for isolatlOn on 

marine agar plates, incubated at 25°C for 2 days and returned to the 

laboratory at Macdonald College, McGill University for use in the rerna1nder 

ofthestudy. 
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Exa.inati1on of Nutritional Requirments: 

A) Capacity to use organ;c cOilpounds for growth: 

Sufficient doubl e-strength basal salts medium (adjusted to pH 7.4 with 

KOH) and distill ed water were added to 50-ml Erl enmeyer fl asks so that after 

any further addition of supplements, the volume of the final medium would be 

10 ml. Suppl ements of yeast extract and Bacto-casitone were added where 

indicated to give a final concentration of O.0025~ of each in the final 

medi ume The f1 ask contents were then steril i zed by autocl av i ng (l20°C, 15 

minutes). Sol utions of CaC12' and various carbon sources (gl ucose, 

galactose, glycine, glutamate, succinate, aspartate, and pro1 ine) were 

prepar'ed, adjusted to pH 7.4 with KOH (except glucose and galactose), 

steril ized separate1y by autoclaving (prol ine was filter steril ized), and 

added asepticall y to the fl asks as required. The carbon sources were added 

to yie1 d a concentration of 1000 mgC/i in the final medium. The f1 asks were 

inoculated with a single colony from freshly incubated marine agar plates 

and incubated on a rotary shaker at 25°C. C'Jl tures were examined dail y for 

14 days and growth was recorded when the cultures became visibly turbid as 

compared to an uninocu1ated control. 

H) Capacity to grow chemoautotrophical1y: 

The basal salts medium was modified to contain: NaCl at 240 mM to 

maintain a final concentration of sodium at 300 mM, and MOPS buffer was 

added at 30 mM for pH control. The media were prepared (yeast extract and 

Bacto-casitone were added to give a final concentration of 0.0025% of each 

in the final organic medium) and autoclaved as previously described, and 

solutions of CaC12' succinate (for .f.. doudoroffii, ~. haloplanktis, and .f.. 

aeruginosa), glucose, sodium thiosulphate (Na2S203)' sodium bicarbonate 
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(NaHCt)3) and suppl emental sodium chloride (to bring the final sodium 

concentration to 300 mM) were prepared, adjusted to pH 7.4 with KOH (except 

glucose), sterilized separately, and added aseptically to the flasks as 

required. The final concentrations of Na2S203 and NaHC03 were 50 mM and 10 

mM respectively. Glucose and succinate were added where indicated to yield 

a concentration of 1000 mgC/l in the final medium. The flasks were 

inoculated with 1 ml of a suspension containing a single colony from a 

freshly incubated marine agar plate suspended in 5 ml of sterile basal salts 

medium (pH adjusted to 7.4 with KOH), and incubated on a rotary shaker at 

25°C (37°C for!. aeruginosa and l. col 1). The pH val ues of all cul tures 

and controls were recorded. Changes in the bacterial populations (cfu/ml of 

medium) were compared to the initial inoculum populations on days 4, 7, 10, 

14 and 21 by plating dilutions of 0.5 ml subsamples (in sterile basal salts 

medium) on marine agar and incubating at 25°C (37°C for f. aeruginosa and E. 

Eli) for 36 hours. Colonies were counted at 18 and 36 haurs with the aid 

of a stereomicroscope. The pH values of all cultures and controls were 

aga;n recorded on the last day (21) of the experiment. 

Exa.ination of Antibiotic Sensitivities: 

A) Preparation of sponge fluid: 

Frozen sponge suspensi ons from prey ious i so lat ions (see above) stored 

at -20 o e for 3 months were s1 owly thawed at 4°C and then centrifuged (34K at 

4°C for 40 minutes). The supernatants were coll ected and fi 1 ter steri l zed 

(0.45}Jm) at 4°C to be tested for antibiotic properties. 

D) Disk-plate technique: 

The organisms were inocul ated evenly and entirely on marine agar pl ates 

using sterile cotton swabs dipped into a suspension containing a single 
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colony from a freshly incubated marine agar plate suspended in 2 ml of 

sterile basal salts medium (pH adjusted to 7.4 with KOH). Commercial 

antibiotic disks and sterile disks dipped in the two fil ter sterilized 

sponge supernatants un der examination, were placed (5 disks/plate) on the 

inoculated surfaces of the marine agar plates. Duplicate plates were 

incubated at 25°C for 24 to 48 hours, and then examined for zones of 

inhibition (clear areas) around the disks. 
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RESUlTS AND DISCUSSION 

Microscopy: 

Immense popul ations of apparentl y symbiotic bacteria were observed in 

the endosomal tissues of all four sponge species. Several morphologically 

distinst intercellular bacterial types were present within the mesohyl of 

all the specimens examined (Fig. 1). 

Isolation of Organis.s from Sponges and Ambient Seawater: 

The average bacteri a l counts from s ponge ti ssue and ambient seawater 

are prese~ted in Table 1. These numbers represent counts recorded on day 4 

of the incubation; the numbers had increased from day 2 but remained the 

same on day 7 but by day 14, colonies had spread over the plate making 

isolated colony counts impossible. The bacterial populations of the two 

sponge species with the lowest counts, ~. graminea and 2,. cheiris, are 

approximately 7.5 times that of the ambient water populations. 

To isolate organisms specifically associated with sponge tissue and to 

avoid organisms present as contaminants from seawater, sponge tissue was 

removed from the sponges asepticall y and rinsed in steri l e seawater. At 

dilutions of 105 or 106 a limited number of colony types distinctive for 

each sponge species could be detected, and the most characteristic colonies 

from each sponge were isolated and maintained on marine agar slants. Ten of 

the isol.:ltes could not be maintained on the marine agar medium used. The 

remainder of the study was conducted using the 10 strains which could Le 

maintained on the medium. The morphological characteristics of these sponge 

bacterial strains are summarized in Table 2. 

It mus t bec a u t ion e d th a t the colon y f 0 rm i n 9 unit s (c f u) me a sur e d i n 

this study al ways reflect only a portion of the bacterial population being 
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FIGURE 1: Transmission electron micrograph showing a typical bacterial 
population in the endosomal tissue of Hippospongia lachne. 
Note the different morphological types of intercellular 
bacteria (b) present in the mesohyl (m). c, choanocyte; fc, 
fl agel1 ated chamber. 
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TABLE 1: Average bacterlal counts per graM of sponge tissue and per 
.tl1ilitre of ambient seawater. 

Expressed as colony forming units (cfu) +standard error; N= number of sampl e 
pairs. 

SAMPLE COUNTS (cfu/g or /ml) N 

Spongi a barbara l.l8 (~0.21) x 106 3 

Hippospongia lachne 2.62 (+0.31) )( 105 5 

Spongia cheiris 1.39 (+0.20) )( 105 3 

Spongia graminea 1.37 (,:0.12) )( 105 3 

Jlmbient seawater 1.83 (,:0.26) x 104 4 
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TABLE 2: Morpholog1cal character1stics of sponge bacterial stra1ns. 

+= positive; -= negative; S.g.= Spongia graminea; H.l.= H1ppospongh lachne; 
S.b.= Spongia barbara; c= cocci; r= rods. 

BACTER 1 AI.. 
STRAIN 

1 

2 

~ 

4 

5 

6 

7 

8 

9 

10 

HOST 
SPONGE 

S.g. 

S.g. 

S.g. 

S.g. 

H.l. 

H.1 • 

H.l. 

S.b. 

S.b. 

S.b. 

GRAM 
STAIN 

+ 

+ 

+ 

+ 

CELLULAR 
MORPHOLOGY 

c; pa; rs & sma II 
clusters 

r; long 8. thin; 
short chai ns; 
mot il e; capsul e 

c; pairs 8. double 
chai ns; small 
c lusters 

r; long 8. thin; 
motit e 

c; large; pd i rs & 
small clusters 

r; sma 11; short 8. 
ova1; motile 

ri long 8. thin; 
moti1e; capsule; 
refracti1e granules 

r; short & thi n; 
mot il e 

r; short & ova1; 
,"oti1e; capsule; 
refracti1e granules 

c; pai rs & small 
c1usters 

COLm:y 
MORPHOLOGY 

2 mm; white; rai sed; 
ent ire; smoot h 

10 mm; cream ~ fl at j 
irregularj m~coidj 
spreading 

0.5 mm; white; ra i sed j 
ent ire; smooth 

1 mm; white; raised; 
ent ire; smoot h 

1 mm; ye 11 OW ; rai sed; 
ent ire; smooth 

3 mm; opalescent; f1 at; 
ent ire; spreadi ng 

10 mm; cream; flati 
irregularj mucoid; 
spreadi ng 

5 mm; beige; fl at; 
entire; spreading 

2 mm; opalescent; 
rai sed; ent ire; rough; 
mucoid 

1 mm; pale ye11ow; 
rai sed; ent i re; smooth 
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sampled. Whether the strains se1ected for study are tru1y representative of 

the bacterial population remains uncertain. The density of symbionts (II/gm 

wet weight) is an underestimate and more accurate assessments will require 

the use of transmission e1ectron microscopic counts and ca1culations. 

Nutritional Requirements: 

When the 10 sponge bacteria1 stra1ns were tested for growth on various 

individua1 amino acids, carbohydrates and tricarboxy1ic acid cycle 

i ntermedi ates as sol e carbon and energy sources; n the test med; um, the 

results shown in Table 3 were obtained. These sources of carbon and energy 

were al so tested for growth with supplements of yeast and Bacto-casitone as 

sources of growth factors. The resu1ts indicate that all except 2 of the 

organisms could utilize glucose and galactose as the sole source of carbon 

and energy in a basal sa1ts medium. Of the two which failed to grow, one 

grew on adding a suppl ement of yeast extract and Bdcto-casitone suggesting 

that additional growth factor{s} may be required for thi s organi sm. Later 

resul ts indicated that sponge bacteria1 strain 3 has a 1 ag period of 14 days 

preceding growth in a basal salts medium suppl emented with gl ucose, yeast 

extract, and Bacto-casitone. Therefore growth could not be observed in this 

organi sm during the 14 day period of this experiment. Of the 10 organi sms: 

7 used succinate, 5 glutamate, 4 prol ine, 2 glycine and 1 aspartate as sole 

sources of carbon and energy in the medi ume The further addition of growth 

factors in most cases dècreased the 1 ag period preceding the appt!arance of 

growth. 

It is of particular interest that the organisms found associated with 

the s ponges had such relative 1 y s impl e organic growth requi rements. They 

were not fastidious at all. Their presence in the sponge cannot be related 
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TABLE 3: Capacity to use organic ca.pounds for growth. 

+= growth; -= no growth; number of days of incubation included 

COMPOUND1 (1000 IIgC/l ) !. GROWlH FACTORS2 

STRAIN 
NO. 

Glucose Galactose Glycine Proline Gluta.ate Succinate Aspartate 

+ + + + + + + 

1 + + + 
14 5 14 5 14 5 14 14 14 14 14 14 14 14 

2 + + + + + + + + + + + + 
4 3 3 3 4 3 6 3 3 3 3 3 14 14 

3 
14 14 14 14 14 14 14 14 14 14 14 14 14 14 

4 + + + + + + + + + + + 
4 3 4 3 14 14 6 3 6 3 4 3 14 3 

5 + + + + + + + + + + + 
2 2 2 2 14 2 6 6 14 2 4 4 14 6 

6 + + + + + + + + + 
3 3 3 3 14 14 14 14 6 3 3 3 14 6 

7 + + + + + + + + +3 +3 + + + 
4 3 3 3 4 4 6 3 3 3 3 3 14 6 

8 +4 +4 + + +4 +4 
4 4 3 3 14 14 14 14 14 6 14 8 14 14 

9 +4 +4 +4 +4 +4 +4 +4 +4 
2 2 5 2 14 14 14 3 14 6 5 5 14 14 

10 + + + + + + + + + + + + 
2 2 3 2 14 4 14 6 6 3 3 3 6 6 

~ glutamate, succinate, aspartate added as Na+ salts; 
4 clumps 8. flocs; 0.0025% yeast + 0.0025% Bacto-casitone; 3 rust colour; 
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to the capac; ty of the sponge to suppl y compl ex mixtures of factors requi red 

for growth. However, the sponge must be able to either directly supply or 

indirectly augment supply of one or more carbon and energy sources to 

suppo rt such rel at i vel y large popul ations of organi sms. 

Other studies have suggested that in some marine organisms 

chemoautotrophic bacteria grow symbiotical ly with, and supply nutrients to. 

the host animal (Cavanaugh rt al, 1981; Cavanaugh, 1983; Fel beck .ùll. 

1981; 1983; Southward!1.!..l, 1981). Are themicroorganisms in the sponges 

facultatively chemoautotrophic? Can the sponge bacteria grow on an 

inorganic medium containing an oxidizable inorganic compound as the sole 

source of energy and use carbon dioxide (C02) as a source of carbon? To 

test this possibil ity the organisms were examined for their capacity to grow 

on the basal salts medium to which carbon as NaHC03 was supplied and various 

oxidizable inorganic compounds, namely ammonia, nitrite and thiosulfate were 

ad d e d a sen erg y sou r ces. Pre l i min a r y r es u l t sin d i ca te d th a t som e 0 f the 

organisms were able to grow chemoautotrophically in such media but on 

subculture into fresh medium of the same composition growth could not be 

ma i nta i ned • 

The relative capacity of the organisms to maintain their viability, or 

to grow when inoculated into the basal salts medium, the basal salts medium 

suppl emented with glucose (succillate for~. doudoroffii, A. haloplanktis, 

and f.. aeruginosa) and growth factors (yeast extract and Bacto-casitone), 

and the basa 1 sa lts medi um with Na2S203 added as an i norganic energy source 

(with and without NaHC03 added as a carbon source) was tested. Figure 2 

demonstrates the various types of responses obtained. The response of 

sponge strain 1 illustrates one type of responsei neither the basal salts 

medium nor the basal sal ts medium to which thiosul fate (with or without 



FIGURE 2: The capac1ty of organ1sms to maintain Yiabilityor grow in 
various .edia. 

----basal salts medium (bsm) ---bsm + Na2S203 + NaHC03 

---bsm + gl ucose/succinate + growth factors 

1 Response of sponge bacteria1 strains 1 & 3. 
2 Response of sponge bacteria1 strains 2, 5, 6, 7 & B, marine bacteria 

P. doudoroffii, A. ha1op1anktis & A. aestus, & terrestria1 bacteria 
Po aeruginosa&r.- coli. -

3 Res ponse of sponge bacteri a 1 stra i ns 4 & 10. 
4 Response of sponge bacteria1 strain 9. 

Succinate (Na+ sa1ts for P. doudoroffii, ~ ha1op1anktis and P. 
aeruginosa) and gl ucose (for a11 others) at a concentration or 
1000 mgC/l. Growth factors (yeast extract & Bacto-casitone) at 
concentrations of 0.0025%. 

) 
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NaHC03) had been added could maintain the viability of the cells on 

incubation. The presence of an organic carbon source and/or additional 

growth factors was necessary for growth and to maintain viability. This 

same type of response is ill ustrated by sponge strain 3. A second type of 

response is illustrated by sponge strain 2. For this organism. viability 

was maintained in the basal salts medium but an organic carbon source and/or 

additional growth factors was required for growth. This same type of 

response was observed in four other sponge bacterial strains and in the 

marine and terrestrial bacterial species examined. Sponge bacterial strains 

4 and 10 represent a third type of response. Viabil ity of these organisms 

was also maintained in the basal salts medium, and an organic carbon source 

and/or additional growth factors was required for growth. However. after 7 

days incubation the organic medium could no longer maintain the viability of 

these organisms. The response of sponge strain 9 il lustrates the final type 

of response that could be distinguished. Neither the basal salts medium nor 

the basal salts medium to which thiosulfate alone had been added could 

maintain the viability of the cells on incubation. However, slight growth 

occurred and viabil ity was maintained in the basal salts medium ta which 

thiosulfate and NaHC03 had been added. Growth of this organism required an 

organic carbon source and/or additional growth factors but after 4 days 

incubation the organic medium could no longer maintain viability of the 

cells. 

Seventy percent of the sponge associated organisms survived in the 

basal salts medium and all of them grew when a carbon source was added. 

Since this was simil ar to the response of other bacteria present in the 

marine and terrestrial environments it is not at all obvious why the 

particular organisms isolated should be present in the sponge in such large 
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numbers particularly when their nutritional requirements are so simple. 

Antibiotic Sensitivities: 

Studies have shown that some marine sponges produce antimierobial 

substances which frequently inhibit the growth of marine baeteria 

(Burkholder and Rl!etzler, 1969; Bergquist and Bedford, 1978; Amade, et !.b 

1987). Do the sponges in this study contain antimicrobial substances which 

do not interfere with their associated bacteria but do inhibit other 

microorgani sms? To test thi s poss i bil i ty the organi sms were exami ned for 

their susceptibil ity to different antibiotics and to fluid from the sponges. 

The antibiotic sensitivities of the sponge associated organisms and two 

marine bacteria isolated from other sources (j~ .• doudoroffii and A. 

haloplanktis) are presented in Table 4. ,", of the organisms showed 

sensitivities to various antibiotics as would b~ expeeted from the spectrum 

of antimicrobial agents tested. However, neither the marine bacteria fram 

other sources nor the bacteria from the sponges were inhibited by the fluid 

from the two sponges tested. Therefore, the presence of bacteria specifie 

ta the sponge is not li kel y to resul t from resistance to antimicrobial 

substances produced by the specific sponge hosts. 
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TAlLE 4: Antibiotic sensttivtttes. 

TE= tetraeycline (30~9)i SxT- sulfamethoxazole (25~9)i CR- eephaloth;n (30~g); 
p- penie;llin (10~9)i K- kanamyein (30~9)i C· ehloromyeetin (30~g); 
AM- ampicil1in (lO~g); S- streptomyein (lO~g); S.b.- supernatant fram Spongia 
barbarai S.g.- supernatant from Spongla ~iim'nea; A.h. 2 Alteromonas 
haloplanktisi P.d.- Pseudomonas doudorof ;-';-inhibition;.a no inhibition 

BACTERIAL 
STRAIN 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

A.h. 

P.d. 

TE SxT CR 

+ + 

+ + 

+ + 

+ + + 

+ 

+ 

+ + 

+ + + 

+ 

+ + 

SENSITIVITY TO ANTIBIOTICS 

p K C S S.b. S.g. 

+ + + + 

+ + + 

+ + 

+ 

+ + + 

+ + + + + 

+ + + 

+ + 

+ + + + + 

+ + + + 

+ + + + + 

+ + + + + 
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CONCLUSIONS 

The presence of large populations of intercellular bacteria in the 

endosomal tissue of four commercial sponge species has been confirmed. The 

results of the present study on tropical Caribbean sponges provide further 

evidence to support the conclusions of Wilkinson (l978b) and Wilkinson, et 

!! (1981) based on studies of Great Barrier Reef and Mediterranean sponges. 

Wi lki nson conc 1 uded that the bacteri a l symbionts of sponges whi ch ha rbour 

large populations of bacteria are specifie to that habitat and different 

from ambi ent seawater bacteri a. Furthermore, bacteri a l popul ati ons of the 

sponges are hi gher than those of the ambi ent seawater. 

The present study has demonstrated that: 1) the specifie bacteria 

associated with the sponges metabol ize a wide range of compounds and have 

relatively simple growth requirements, and 2) the sponges do not appear to 

possess antimicrobial substances which inhibit marine bacteria. A recent 

study by Amade, !l!l (1987) has also found that extracts from sponge 

species of the same genus and closely related genera do not possess 

antimicrobial substances active against marine bacteria. All of the 

commercial sponge species of the order Dictyoceratida, examined and reported 

to date, have been observed to harbour large populations of intercellular 

bacteria. Sorne of those same species have also been tested for 

antimicrobial substances and,in all cases, sponge extracts were not active 

against marine bacteria. Is there a correlation between the lack of 

antimicrobial activity in these sponges and the fact that they also harbour 

large populations of bacterial symbionts within their tissues? 

The nature of the association between symbiotic bacteria and sponges is 

not known, and two questions still remain: Why are there large populations 
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of specific bacteria present in the tissues of many marine sponges that are 

not present in the ambient seawater? And what, if any, role do these 

symbionts and their hasts have in this association? 

The sponges probably directly supply or indirectly augment supply of 

one or more carbon and energy sources to support the massive populations of 

intercel'u'ar bacteria within their tissues. ln turn, the sponges probably 

derive a part of their own energy requirements by incorporating symbiont by-

products into hast mesohyl. The bacteria may also play a role in providing 

trace elements and vitamins which cannot be synthesized by the sponges 

themsel yeso Some of the symbionts may be capable of digesting sponge 

collagen, therebymodifying the insoluble collagenous fibrils and producing 

soluble products that the sponge may then utilize in reorganizing and 

constructing its structural network. If this ;s indeed the case, then the 

symbiotic association that has been established between bacteria and sponges 

may be a significant element in the taxonomie differentiation of the 

Oictyoceratida. The bacterial symbionts may, directly or indirectly, 

function in ,the construction of the spongin skeleton, a major feature of 

Poriferan classification. 

Another important aspect that should be considered in this symbiotic 

association between bacterial popul ations and commercial sponges is the 

possible significance of these associated bacteria in the epidemic diseases 

that devastated many of the Caribbean commercial sponge beds four and five 

decades ago (Smith, 1941). The 'agent' of disease, very tentatively 

identified as a filamentous fungus, may not have been an invasive pathogen 

ta the sponge host per se but may alternatively have been any factor 

affecting the associated bacterial population or the balance of the 

association itself, thus resulting in the death of these commercial sponge 
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populations. Whatever the scenario, it is clear that studies of the 

dictyoceratids must inc1 ude consideration of the bacterial populations 

harboured within them as a major biotic component and treat this intimately 

balanced association as an integrated but potentially disturbable community. 
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ln submission, larval development, behaviour, settlement and metamorphosis. 
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Oogenes;s in four commercia 1 Cari bbean sponge speci es, Hi ppos pongi a 

lachne, Spongia barbara, ~ cheiris and ~ graminea, was studied using light 

and transmission electron microscopy. [ggs and embryos develop 

asynchronously in localized endosomal nurseries of these viviparous and 

gonochoristic species. Statistical analyses of specific morphological 

characteristics of reproductive elements have unequivocal ly identified four 

specific stages in the process of oogenesis. Oogonia undergo mitotic 

division to produce primary oocytes. Meiotic division occurs producing 

secondary oocytes which are fertilized before zygotes undergo major 

growth by phagocytosis and the transfer of nutrients through 

cytoplasmic bridges. During cleavage of the zygote, umbilici form between 

embryos and nurse cell layers and these function in the transfer of 

symbiotic bacteria and other mesohyl substances from the maternal parent to 

the embryo. These symbionts were observed dispersed between blastomeres of 

all young and maturing embryos and between internal cell s of 

cytodifferentiated parenchymella larvae. Extracellular transfer of 

symbiotic bacteria from maternal tissues to developing embryos has not been 

reported in any other viviparous invertebrate. Laboratory behavioural 

studies indicate that free-swimming larvae display directional swimming 

with constant rotation and negative phototaxis. Larval settlement occurs 

26-56 hours after release from the parent sponge and inval ves the formation 

of a basal lamella between the post-larvae and substrate. There is no 

evidence of substrate selection or orientation by larvae. Larval behaviour 

is probably an important factor in the habitat special izations of adults. 
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INTRODUCTION 

The genera Spongia Linnaeus, 1759 and Hippospongia Schulze, 1879 

(Dictyoceratida) include all of the commercially important bath sponges of 

the Cari bbean (ca. 7spp.) and Mediterranean/Red Sea (ca. 3spp.) fisheries. 

Epidemie diseases devastated entire populations of the Caribbean species 

four and five decades ago and, in spite of the resurgence of these 

populations, few recent investigations have focused on the biology and 

ecology of the se once extremely valuable economic commodities. Most of the 

ilvailable literature on commercial sponge species deals with gross 

morphology and fisheries aspects. Little is known of their biology 

including reproduction, embryology, and larval development and 

metamorphosis. 

Al though recent and extens ive l i terature rev i ews have reported numerous 

studies deal ing with sexual reproduction in sponges (Fel 1, 1983; Reiswig, 

1983; Simpson, 1984), there are relatively few studies on reproductive 

processes in the dictyoceratids (Tuzet & Payans de Ceccatty, 1958; Liaci, et 

~,1971). Much of what is known about these processes has been inferred 

from gross structural observations in the course of general studies on 

reproduction. Crucial events such as those dealing with gamete 

differentiation, fertilization and incorporation of symbionts into 

developing embryos still require elucidation. The use of the electron 

microscope (EM) has provided more detailed information on specifie events 

during reproductive processes in sponges. However, there is no available 

ultrastructural information on oogenesis or embryogenesis in the 

dictyoceratids and only one EM study has investigated spermatogenesis in 

these sponges (Gaino, !!.!l, 1984). 
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The occurrence of symbiotic bacterial associations with marine 

invertebrates is a fairly widespread phenomenon. These have been reported 

in at l east a few members of most of the major invertebrate phyl a. 

Symbiotic bacteria have been reported in all sponge speeies of the order 

Di ctyoceratida which have been carefull y examined (Wi l kinson, 1984). 

However, there i s a gl aring l ack of appreciation of the uni form presence and 

possible s;gnificance of immense symblotic bacterial populations ln these 

animals. Recent electron microscopie studies have revealed the existence of 

large populations of intercellular symbiotic bacteria ln the tissues of tour 

commercial Caribbean sponge specles: Hippospongia lachne, ~ponq1d 

barbara, Spongia cheiris and Spongia gramlnea. Bactena 1s01 ated fram thpse 

sponges are specifie sponge symbionts and different from amblent sedwater 

bacteria (Kaye, !!.~, 1985). lntercell ul ar bacterlal symblOnts were al su 

observed in the embryos and brooded larvae of these specles. 

There is a lack of information available in the llterature on 

sequential events in the life histories of sponge 1 arvae (morphogenesl s, 

behaviour, settlement and metamorphosis). This infonnat1on lS essent1d1 ta 

interpreting the results of ecological and biological studles of adult 

populations. A number of studies have lnvestigated isolated aspects of 

larval biology in sorne sponge species (Lévi, 1956; \·Jarburton, 1966; 

Bergquist & Sincl air, 1968; Simpson, 1968; Evans, 1977; Fell, 1976) hut 

there are only hlo studies that have reported on the spec1fic sequence of 

events in the lite historles of larvae (Bergquist & Green, 1977; BerfJqIJ1~t, 

et al, 1979). The information gl eaned from many of these studles hds heen 

used in discussion of systematics and evolution. HOvlever, ff~'il have 

attempted ecol ogical interpretations of possi bl e rel evance to the adul t 

popul ati ons. 
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The present study was undertaken as a fi rst step in the analyses of 

specifie reproductive processes in four species of Caribbean commercial 

sponges: Hippospongia 1achne, Spongia barbara, Spongia cheiris and Spongia 

graminea. The fol1owing aspects of their reproduction have been addressed: 

oogenesis, embryonlc and 1arval development, transfer of bacterial 

symbionts, and 1arva1 morpho1ogy, behaviour, sett1ement and metamorphosis. 

Other investigations in progress \'/i11 focus on reproductive cycles and 

spermatogenesis in these four species. 

r~ 0 r p h 0 log 1 cal cha r a ete ris tic s 0 f r e pra duc t ive e l em e n t s h a v e b e e n 

ana1yzed statistical1y ta objectively identify specifie stages in oogenesis 

b e for e a t t em pt i n 9 t 0 des cri b eth e d y n ami c s a f t h i s pra ces s • Li 9 h tan d 

transmission electron microscope studies, together with laboratory 

expenments have been empl oyed to he1p el ucidate the reproductive processes 

of these economlca11y important members of the phylum Porifera. 
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MATERIALS AND METHODS 

Sponges: 

Four Caribbean commercial sponge species: Hippospongia lachne de 

laubenfels, 1936, Spongia barbara Duchassaing & Michelotti, 1864, Spongia 

cheiris de Laubenfels & Storr, 1958, and Spongia graminea Hyatt, 1877 were 

investigated. These rounded, black to dark grey demosponges are common 

members of the fauna of Biscayne Bay, Florida. This shallow bay (average 

depth 2.5 m) has intermittent periods of turbulence related to seasonal 

weather conditions. The coll ection site (25°38'N; 800 12'W) is characterized 

bya coarse sandy bottom with extensive areas covered in eel and turtle 

grasses, small scattered coral s, gorgonians and other sponge species. A 

total of 177 specimens werE collected over a three year period (December 3, 

1981; February 12,1982; June 27,1982; September 1,1982; January 18,1983; 

May 23, 1983; August 24, 1983) and analyzed histologically for reproductive 

activi ty. 

Sampling and Preparat)on of Specimens for Hicroscopy: 

Using SCUBA, endosomal tissue samples were removed in situ from 

specimens of the four sponge species (located at a depth of 1 to 1.5 m) 

using a large filet knife. Large triangular sections (ca. 60 mm on each 

side) were removed from the lO\'ler two-thirds of the individuals. A smaller 

tissue sample (ca. 20 mm 3) wa~ cut from that portion of the triangle that 

had come from the central region of the sponge. This procedure was employed 

ta insure that if the sponge was reproductively active, tissue samples 

collected would contain reproductive elements. This smaller sample was then 

fixed in situ by placing the tissue in a syringe, egressing the ambient 

seawater and ingressing 2.5% glutaraldehyde in seawater (fixative). After 
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returni ng to the 1 aboratory, sampl es were pl aced in vi al 5 of fresh fixative 

for 16 hours, and then rinsed in three changes of fresh seawater for 10 min 

each. A smaller sub-sampl e (ca. 5mm3) from each specimen was post-fixed for 

one hour in 1% osmium tetroxide in seawater, dehydrated in an alcohol 

series, cl eared in propyl ene oxide, and embedded in Spurr epoxy resin. The 

remaining fixed tissue from each specimen was dehydrated in an alcohol 

series, cl eared in xylene, and embedded in paraffine 

r~i croscopy: 

Epoxy blocks were sectioned on a Sorvall 'Porter-Blum ' MT-2B 

ul tram1crotome at 1f.lm (g1 ass knife) and O.1pm (diamond knife). Semi-thin 

sections were mounted on glass sl ides and stained for 1 min at 60°C with a 

mixture (equal parts by volume) of methylene blue (1% in 1% Na-borate 

solution) and azure II (1% in distilled water). U1trathin sections were 

fl oated onto formvar and carbon coated singl e-sl ot copper grids and stained 

for 20 min ln saturated aqueous urany1 acetate and for 15 min in lead 

citrate. Sections were viewed and photographed with a Philips 410 

transm1SS1on electron microscope operating at 80 kV. Paraffin blocks were 

sectlOned at 10flm, and the sections were mounted on glass sl ides and stained 

\'1ith hematoxyl in-eosin. Sections were v1ewed, and measurements of 

reproductive elements recorded under a compound microscope with an ocular 

nll crOIneter accurate ta 0.5J.1m. Light mi crographs were taken on a Zei ss 

photomicroscope. 

larval Collection: 

Once, during the reproductive period (May to Sept.), large pieces of 

tissue from reproductively active specimens of the four sponge species were 

coll ected, uS1ng SCUBA, pl aced in pl astic bags and immediately returned ta 
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the 1 aboratory where they were pl aced ; n runn; ng seawater aquar; a. Larvae 

released from the tissue sampl es were collected, observed and photographed 

under a WILD M5A dissecting microscope. In the field, a larval collectlng 

net (Fig. 1) was placed over reproductively active specimens to aid ln the 

collection of released larvae for observatlons of behavl0ur, settlement 

patterns, and metamorphosis. Sponges which were found to be reproductlvely 

active when tissue samples were coll ected were removed from the substrate 

and attached to a cement block by a monofllament line. The col lecting net 

was then pl aced over the sponge and cement black to coll ect rel eased 1 drvae. 

Free-swimming larvae were fixed, embedded, and sectioned (as prevlously 

descrlbed) for electron mlcroscopy and ultrastructural analysés of 

morphology and metamorphosis. 

8ehavioural Studies: 

Separate studies were conducted on the larvae of ~ lachne, ~ barbara, 

5. cheiris and ~ graminea at water temperatures of 28-29 u C. 

1) Phototaxis: 

Fi fty free-swimmi ng l arvae were coll ected from the running seawater 

aquaria and placed in an opaque black plexlg1ass experlmental chamher (32.5 

x 1 7 • 5 x 1 0 cm) f l l l e d w i t h s e a wa ter f r am the a qua r 1 a w Ali 9 h t s a u r c e 

(tungsten 1 amp) was pl aced 5 cm fram the surface of the water at an angl (l of 

c~. 45° to the bottom of the chamber. Irradlance ranged from O.Oj7/j(~ln 

cm-2 sec-1 just below the surface of the \'Idter to 0.035 ).Je;n cm- 2 sec-1 Just 

off the bottom of the chamber. Larvae were exposed to the unldl rect;onal 

light source under 3 separate trials. To elirn;nate behaVlOur modlflcations 

due to habituation and temperature di fferences, the locatlan of the 11ght 

source was varied (from end to end and side to side of the experimental 
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chamber) between trials and appl ied for 30-60 seconds. A positive 

phototacti c respanse was scared if the l arvae were observed ta swim i nta or 

remain in the path of light and a negative response was scored if the larvae 

were observed ta swim out of or away from the l ight path, and remain in the 

darkened regions of the chamber. The experiments were conducted in the 

laboratory at night \'11 th minimal extraneous light. 



FIGURE 1: Larval catching net used in the field to collect larvae 
released from reproductivelyactive sponges. The sereen 
cloth used was Nitex high capacity nylon monofilament sereen 
cloth No. HC3-190. 

) 
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2) Substrate Selection: 

Substrate selection was tested by presenting glass and asbestos cement 

(transite) slides (25 x 75 x Imm) as potential settlement surfaces. Free-

swimmi n9 l clrvae were offered the upper and under surfaces of cl ean or "aged" 

glass and c1ean or "aged" transite. Four slides (clean-glass. "aged"-glass, 

clean-transite. and "aged"-transite) were placed in clear plexiglass 

chambers (8.5 x 12.5 x Scm) fi 11 ed with seawater from the runni ng seawater 

aquaria. Larvae were placed in the chambers which were then maintalned in 

running seawater tables. The top 2 cm of the chambers remalned above the 

level of the water in the seawater tables and ehamber water was ehanged 

twice daily (07:30 and 19:30). Sl ides were "aged" by placing them in racks 

which were suspended from wires in running seawater tables for two days 

unti1 a thin film of bacteria and algae covered the slides. Settlement 

surfaces were raised off the bottom of the chambers by rubber dises (0.5 x 

O.Sem). The discs were attached to the ends of the sl ides on both the upper 

and under surfaces by a silicone sealant. Fluorescent overhead lights in 

the 1aboratory suppl ied illumination during the day (07:30 - 19:30) and the 

laboratory remained dark during the night. 

Larval Metamorphosis: 

Settled larvae were observed daily over a period of three weeks. 

Duri ng this time water temperatures range.d from 28°C tu 29°C. MacroscoplC 

observations of morphol ogical changes in metamorphosing juvenile sponges 

were recorded under a dissecting microscope. Larvae that had settled for 

24 hours were easily loosened and removed fram glass slides by sllding il 

razor blade under the metamorphosing sponges. Minimal disruption occurcd 

and intact specimens were fixed. embedded, and sectioned (as previously 
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described) for electron microscopy and ultrastructural analyses of 

morphol ogy. 

Data Collection and Analyses of Reproductive Elements: 

A tota l 01 170 reproduct i ve el ements from two s pec imens of H. 1 achne 

were investigated uSlng light microscopy. Morphological characteristics 

(parameters) of these reproductive el ements were statistically analysed to 

objectlvely identify stages in the process of oogenesis prior to embryo 

forr:latlon. The parameters consldered in these analyses inc1 uded: cell 

dlameter, nucleus dlameter, nucleo1us diameter, ratio of cell diameter to 

nucleus dlameter, ratio of nucleus dlameter to nuc1eolus diameter, number of 

nue l eoll, type of cytop1 asm (scored as vesicul ar, vesicu1 ar-dense or dense), 

nurnber of nurse ce11s surrounding reproducti ve el ements, and evidence of 

phdgOCytlC activlty (scored as present or absent) by reproductlve e1ements. 

Measurements of dlameters were recorded as the maximum diameter measurement 

frolll ~erlal sections when the same reproductlve e1ement could be fo110wed in 

sen a 1 sect lOns. The other parameters were al so scored from observat ions of 

sprl sections whenever possible. 

same parameters ln two specimens of 

Measurements and observati ons of the 

each of the other three species 

l=. barbara, ~ cheHis, and ~ graminea) investigated were a1so recorded. 

Reproductlve e1ements were also investigated using electron microscopy. A 

detalled descrlption of each of the stages in the process of oogenesis was 

made from 1 19ht and electron microscopie observations of 9 specimens of 

~ l achne, 14 specimens of ..h barbara, 5 specimens of S. cheiris, and 12 

speci1llpns of ~ graminea. 

The data co' l ected from measurements and observations of the parameters 

of reproductive elements were analysed using the Statistical Analysis System 
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(SAS) software computer package at McGi 11 Un i versity. The bas; c assumpti ons 

of homogeneity of variance and normal ity of the data were checked with 

Bartlett's test and the Kolmogorov-Smlrnov (0) statistic, respectlvely. As 

a result of violations of both assumptions after numerous transformatlOns ot 

the data, nonparametric statlstics were applled to raw data and parametrlc 

statistics to the normallZed ranks of the data (Conover, 1980). Data were 

ranked using the SAS Rank (Blom) procedure (Ray, 1985). 

A classification analysls using the SAS Cluster (~~ard's 11I1nill1111ll 

varlance method) procedure (Ray, 1985) was performed on the data to group 

the reproduct1ve e1ements int.a relative1y homogeneous groups tllat cmJ1d bl' 

interpreted as specifie stages ln the process of aogenesls. A dlSCrlJ1llnant 

a n a lys i sus 1 n 9 the SAS 0 i s c r 1 ln pra c e dur e (R a y, 1 9 8 5) wa S p e r f 0 rl11 (' don t Il p 

da tau sin 9 the 9 r 0 u p m em ber s h 1 P s g]V e n 1 n the c lus ter a n a l y '11 S cl s t Il p 

dependent varlabl es. This procedure flts a d1scrlfn1nant functlon tu the 

data which is then used ta see how correctly the d1SCrlm1nant functlUn 

ide nt i f les e a ch r e pra duc t ive e l em en t 's 9 ra u p. The p e r c en t êl 9 e 0 f cor r e ct 

predictions is used as a measure of the secondary valldlty of the group 

membershi ps (Romesburg, 1984). 

A principal cOOlponent analysis (PCA) using the SAS Prlncanp procedur p 

(Ray, 1985) was used to lnterpret the pattern obta1ned from the 

classlficatl0n analysls and to summarize the data ln terrns of ne'vl 

components, a smal1 number of 'v/hlCh account for most of the varlatlon of Ulf! 

original data. The data was ~tandardlzed because of the vary1nq Ilnlts of 

measure and the principal components were then cOf'lputed from a correldtlon 

mat r i x t 0 rem 0 v e d i f fer e n ces due t 0 bot h the rn e a n and d 1 S P ers 1 0 n 0 f the 

parameters. These procedures make the parameters dlrectly comparable 

(Di 11 on and Go1dstein, 1984). 
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Ace 0 r d i n 9 t 0 r~ a rd i a (19 71 ) ,lb a nez (19 7 2) and Mar rio t t (19 7 4) i t i s 

permissible to perform these procedures even though the data does not 

sat1sfy the assumptions of parametric statistics. However, as suggested by 

these authors, the same analyses were carried out on both ranked and raw 

data and the resul ts were compared. 

Since the data did not meet the basic assumptions of parametric 

analys1 s of var1ance (ANOVA), a nonparametric ANOVA usi n9 the SAS NPARIWAY 

procedure (Kruskal-~Jallls Chi-square approx1mation; Ray, 1985) was used to 

test the null hypothesis; Ho: there are no d1fferences ln parameter (x) 

betvleen speClmens, agalnst an al ternate, Hl: there are differences in 

parallleter (x) between spec imens. Thi 5 same procedure wa s used to test the 

null hypothes1 s; Ho: there are no dl fferences 1 n parameter (x) among stages, 

dgalnst an al ternate Hl: there are dl fferences in parameter (x) among 

stages. The same hypotheses were tested on ranked data using a parametric 

ANOVA (GLM rrocedure for unbal anced data; Ray, 1985). \-ihere the ANOVA 

reJected the null hypothes1 s, the Tukey Plul ti pl e means coopari son test (at 

P=O.05 1 evel, on the normallzed ranks) was used to determine between which 

of the stages signi flcant di fferences occurred. The Tukey test vias chosen 

because it is a conservative test in that it is more llkely to find no 

statistlcal differences between the multiple means being compared and tested 

(Zar. 1984). 

Data Analyses of Substrate Selection: 

The data coll ected were tested for the assumptions of normal ity and 

hOlllogenelty of variance. Univariate analysis (SAS) showed no departures 

From normal ity, and Bartlett's test (SAS) showed homogeneity of variance 

betl'leen substrates. Therefore parametric statistics were used ta analyze 
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the data. A four-factor ANOVA, incl uding interaction effects, was perfonned 

to test the following null hypotheses; 1) Ho: there are no differences in 

the number of 1 arvae settl ing on the various proffered substrates (glass vs. 

transite, cl ean vs. aged, and upper vs. under); 2) Ho: there are no 

differences in the number of larvae settl ing among species; and 3) Ho: there 

are n 0 i n ter a c t ion s 0 f s u b s t rat e t y P e s (4 P 0 s s i b l e C om b 1 n a t 1 0 n s ) and 

s u b s t rat e t y P e san d s pee; e s (5 po s s ; b 1 e c om b 1 na t l 0 n s) 0 n the n UI11 ber 0 t 

1 arvae settllng. Repl icate sampl es were not posslble, and therf'fore the 

mean square of the highest order interactl0n (interactl0n effects for all 

factors) was used as the error term in the ANOVA (Zar. 1984). 
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OBSERVATIONS AND RESUlTS 

All of the samples collected (177) contained either male (5%), female 

(23%) or no (72%) reproductive elements. Male and female elements were 

never observed in the same spec imen. Oocytes and embryos develop 

asynchronously within maternal tissues during the reproductive cycle as do 

spermiocysts within paternal tissues (Chapter 3). These observations 

strongly suggest that these species are dioecious (gonochoric), although 

successive hermaphroditism cannot be ruled out as the same individuals were 

not sampled consecutively. Clearly, such a regular sampl ;ng programme ;s 

neccessary to provide more information on sexual differentiation in these 

four spec; es. 

Data Analyses of Reproductive Elements: 

Figure 2 is a dendrogram generated from the Ward's classification 

analysis illustrating the subdivisions of the normalized ranks of 

morphologlCal characteristics (parameters) of the reproductive elements. 

These subdlVisions are based on the parameters of cell diameter C~), nucleus 

diameter C!l). nucl eolus diameter C!l~), ratio of cell diameter to nucleus 

diameter C~:.!!). ratio of nucleus diameter to nucleolus diameter (~), 

number of nuel eol i (~), type of cytopl asm (S.X), number of nurse cell s 

surrounding reproductive elements (nurse), and evidence of phagocytic 

activity by reproductive elements (.!~). Four main clusters of observations 

are distlnguished at an arbitrary s;milarity level of R2=O.5. This means 

that 50% of the variance between clusters can be explained by the four 

observed clusters. This suggests that reproductive elements in H. lachne 

can be grouped into four major stages. 

The r E' sul t s 0 f the dis cri m ; n a n tan a 1 y sis 0 n the no rm a 1 i z e d r a n k s 0 f 



FIGURE 2: Dendrogram showing the classification of 125 reproductive 
e1ements (RE) of H. 1achne based on ce11 diameter, nucleus 
diameter, nuc1eo1us diameter, ratio of ce11 diameter to 
nucleus diameter, ratio of nucleus diameter to nuc1eo1 us 
diameter, number of nuc1eo1i,type of cytop1asm, number of 
nurse ce11s surrounding RE, and evidence of phagocytic 
activity by RE. The norma1ized ranks of a11 parameters were 
used in the comparison of RE (c1assified using Ward's 
minimum variance; Ray, 1985). The RE spl it into 4 main 
c1usters (1, 2, 3,4) at an arbitrary simi1arity 1eve1 of R2 
= 0.5 (R2 i s the sum of squa res between a 11 cl us ters di v i ded 
by the carrected tata 1 sum of squares). 
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parameters are presented in Table 1. The group memberships from the cluster 

analysis have been used together with the parameters to predict the accuracy 

of the grouping of reproductive elements. It can be seen from these results 

that: 86~ of the time a reproductive element wil l be classified correctly as 

stage 1 and 14~ of the time incorrectly as stage 2, and 100% of the time the 

element will be identified correctly as stage 2,3 or 4. This analysis 

supports the suggestion of the classification analysis that products of 

oogenesis can be grouped into four major stages. The fact that a stage l 

reproductive element was ineorrectly classified may be due to the limited 

number of these elements available for the analysis (N=7). 

The results of the PCA on the normalized ranks of morphological 

eharacteristies are presented in Table 2. The parameters have been analyzed 

ta assist in the interpretation of specifie groups of reproductive elements 

and to summarize the data in terms of new components which account for most 

of the variation of the original data. According to Ibanez (1972) all 

parameters being analyzed must be independent and, when using a correlation 

matrix based on standardized data, anly those principal components (PC) that 

have eigenvalues ~ 1 can be interpreted. Therefore, the ratio of cell 

diameter ta nucleus diameter CÇ..:.!~) and the ratio of nucleus diameter to 

nucleolus diameter C!l:.!!~) were not included in the PCA and, PCI and PC2 are 

the only components considered in the interpretation of the analysis. It 

can be seen from these results that: 1) PCI accounts for 70% of the 

variation of the original data and of the parameters tested I,.!l,~, E.1., 

nurse, and.E. load equally on PCI, and 2) PC2 accounts for 15% of the 

variation ant1 th" parameter ~ loads heavily on pe2. This analysis 

suggests that cell diameter, nucleus diameter, nucleolus diameter, type of 

cytopl asm, number of nurse cell s surroundi ng reproduct ive el ements, and 



( 

-56-

TABLE 1: Resul ts of the Discri.; nant Ana lys; 5 on the nOr'llill i zed ranks of 
morphological character;s;tics of reproductive elements in 
H. lachne. 

FROM NUMBER OF REPRODUCTIVE ELEMENTS (1) AND 
STAGE PERCENTS CLASSIFIED INTO STAGE 

1 2 3 4 TOTAl 

1 N=6 N=l N=O N=O N=7 
85.7 14.3 0.0 0.0 100.0 

2 N=O N=26 N=O N=O N=26 
0.0 100.0 0.0 0.0 100.0 

3 N=O N=O N=57 N=O N=57 
0.0 0.0 100.0 0.0 100.0 

4 N=O N=O N=O N=35 N=35 
0.0 0.0 0.0 100.0 100.0 

TOTAL N=6 N=27 N=57 N=35 N=125 
4.8 21.6 45.6 28.0 100.0 
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TABLE 2: Results of the Principal ca.ponent Analysis on the 
normalized ranks of .orphological characteristics of 
reproductive ele.ents in H. lachne. 

PRINCIPAL EIGENVALUE PROPORTION CUIlJLAT 1 VE 
COMPONE NT 

PR IN1 4.88144 0.697349 0.69735 

PRIN2 1.01885 0.145550 0.84290 

PRIN3 0.45700 0.065286 0.90818 

PRIN4 0.31874 0.045534 0.95372 

PRIN5 0.18465 0.026379 0.98010 

PRIN6 0.09301 0.013287 0.99338 

PRIN7 0.04631 0.006616 1.00000 

EIGENVECTORS 
PARAMETER PRINl PRIII2 

Cell diameter (ç) 0.437102 0.016161 

Nucleus diameter (n) 0.419811 - .034824 

Nucleolus diameter (nu) 0.393827 -.250751 

# of nucl eol i (nonu) 0.081212 0.966319 

Type of cytoplasm (~) 0.389878 0.020020 

# of nurse cells (~) 0.422Q84 0.036366 

Phagocytic activity (~) 0.374280 0.012407 
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evidence of phagocytic activity by reproductive elements are equally 

i m po r tan tin dis tin 9 u ; 5 h i n 9 b e t w e e n g l' 0 U P S 0 f e 1 em e nt s. The nu m ber 0 f 

nucleol i is also an important parameter that should be considered in the 

grouping of reproductive elements. 

It shoul d be noted that the resul ts of these procedures 

(classification, discrimlnant and PCA) on both ranked and raw data were the 

same. Therefore, for consistency with subsequent analyses, the resul ts of 

the tests on the normal lzed ranks of parameters have been presented. 

On the basis of the results of these three procedures, the data were 

analyzed according to the four iaentified stages. The results of the 

nonparametric ANOVA (NPAR1WAY) and the parametric ANOVA (GLM) on ranked data 

showed no signifieant differenee$ (p >0.05) in between-specimen comparisons. 

Drawing conel usions from these tests with respect to the parameters tested 

(.f.,.!l,.!l.!!.,s...:..!!.'.!!.!.!!..!!'~'.sl, nurse, and~), the two specimens are assumed 

to come ~rom populations having identical means. Therefore, the data from 

both specimens were pooled for further statistical analyses. 

The resul ts of the nonparametric ANOVA (NPARIWAY) and the pa,'ametr;c 

ANOVA (GLM) on ranked data indicated that: 1) the means of.s,.!l,~, E.!..!!" 

.!!.2.!l!!, .f.,l, nurse, and.E were statistically different (P< 0.05) among stages 

in oogenesls and 2) the means of .!!.E..!!.!! were not statistical1y different 

(P>0.05)among stages in oogenesis. To determine where the differences lie 

in the means, the Tukey test was performed on the normal; zed ranks of 

morphological characteristics and the resul ts are presented in Tabl e 3. 

Conclusions that can be drawn from this test are: 1) cell diameters C!:J, 
nucleus diameters (n), ratios of cell diameter to nucleus diameter (c:n), - -
the type of cytopl asm est), and the number of nurse cell s surrounding the 

reproductive el ements t!l~) of a11 four stages are assumed to come from 
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TABLE 3: Results of Tukey's Studentlzed Range Test on the nonaal ized 
ranks of.orphological characterisitics of reproductive elements 
in H. lachne. 

Comparisons significant at the 0.05 level are indicated by 
N= number of observations. 

PARAME TER 

Cell diameter (~) 
( N=170) 

Nucleus diameter (rr) 
(N=146) 

Nucleolus diameter (nu) 
(N=131 ) 

Ratio of C to N (c:n) 
(N=146) 

Ratio of N to Nu (n:nu) 
(N=131 ) 

# of nucl eol i (nonu) 
(N=141 ) 

Type of cytoplasm (Sl) 
(N=16y) 

# of nurse cells (nurse) 
(N= 164) 

Phagocytic activity (~) 
( N=170) 

STAGE COMPARISON 
1 2 3 4 
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populations having means different from each other, 2) nucleolus diameters 

C!2~J of stages 1 and 2 are assumed ta come from popul ations having identical 

means but having different means fram the other two stages which also have 

means di fferent from each other, 3) the number of nuc 1 eol i (!lQ'!!.!~) of stages 

2,3, and 4 are assumed ta come from populations having id~ntical means but 

havlng different means from stage 1, and 4) the evidence of phagccytic 

activity by reproductive elements Ce) of stages 1,2, and 3 are assumed ta 

come from populations having identical means but having means different from 

stage 4. It seems apparent that to distinguish all four stages as being 

di fferent from one another the parameters of 's,.!l, 2,.f..l, and nurse are 

required. The ~ parameter does not dic;tinguis~ stages as being different 

fram one another; and the remaining par'Jmeters, !!..!:!.' .!l91!.!:!., and .e, only 

distinguish 3,2, and 2 stages respectivt?ly as being different from one 

another. 

When these resul ts are compared to the resul ts of the PCA i t can be 

seen that the parameters ~, !l, ~, and nurse which each show statistically 

significant differences between all stages in the Tukey test, al sa load 

highly on PCI wh;ch accounts for 70% of the variation of the data. 

Therefore, if reproductive elements are to be classifiE'd according to their 

stage of development, the Y"equired morphological characteristics ta 

accurately classify the elements in this study would be: cell diameter, 

nucleus diameter, type of cytoplasm, and the number of nurse cells 

surrounding the reproductive elements. It;s possible that any one of these 

parameters alone could be used to classify a reproductive element into one 

o f the fou r s t J 9 e s ide n tif i e d ; ho we ver, a sin a 1 l sc; en tif; c s tu d ; es, it i s 

in the best interest of the study to collect and analyze as much information 

as possible ln order to gain a more complete understanding of a system. 
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It has been shown statistically that. based on specific parameters, the 

reproductive elements of.!:!.. lachne examined in this study, can be grouped 

into four stages prior ta embryo formation. Measurements and observations 

of the same parameters in the other three species (i:. barbara,~.=.. cheiris, 

and ~ graminea) investigated, did not differ fram those of H. lachne. The 

stages which were .itatistically identified as 1,2, 3, and 4 have been 

interpreted biologically as the oogonium, prir .y oocyte, secondary oocyte, 

and zygote stages of oogenesis prior to embryogenesis. Table 4 prov1des a 

summary of the morphological characteri sitics of these four stages 1n!i:. 

lachne. The description that follows is based on these parameters and 

appl ies to all four sponge species examined unless otherwise stated. 

The sequence of events in oogenesis and development reported here, i5 

inferred from linking together static images clearly slmilar or very nearly 

identical to one another in series. The processes are described as active, 

for conv el"i ence. 

Mi c roscopy: 

Gamete production and embryo development are localized in patches or 

"nurseries" of endosomal tissue. These "nurseries", containing 20 or more 

oogeneic elements (Fig. 3a), are located in the lower two-thirds and towards 

the central part of the sponges where a major port10n of the tissue is 

involved. In the immediate vicinity of the "nurseries" the mesohyl of 

individuals undergoing oogenesis is disrupted with an observed decrease in 

cell numbers, flagellated chambers and symbiotic bacteria. Endosornal tissue 

outside nursery areas and the ectodermal tissue remain undisturbed. 

Light and transmission electron microscopie analyses of ,>pecimens of 

Hippospongia lachne. Spongia barbara, ~ cheiris and ~ graminea undergoing 
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TABLE 4: Morphologie.l ch.r.eterht1cs of the st.ges in the prGCess of oogenes1s in.!!!.~. 

N. number of observations; i- mea" .:. standard devutlon 

IIJRPHOLOGICAl 
CHARACTER1 STIC 

ce 11 dumeter 
{jJm} 

shape 

cytopl asm 

0090n1 .. (1) 

10-15 
N-16 
X=13.94 
(.!.l. 73) 

trlangular 

veslcul ar 

nucleus enlarged, 
(diameter ln jJm) dlstlnct 

nuc1eolus 
(d umeter 1 n )lm) 

ratio of cell to 
nucleus dlameter 

ratlo of nucleus 
to nucleolous 
diameter 

phagocytos 1 s 

nurse cell 

4-6 
NaIS 
X-S.17 
(.!.0.70) 

sIngle, 
prominent 
1.5-2 
N-7 
X:01.79 
(.:,0.27) 

N-15 
X-2.77 
(.:,0.43) 

N-7 
X-2.97 
(.:,0.55) 

absent 

absent 

prl .. ry 
oocyte (2) 

15-25 
Na30 
j-21.65 
(.:2.92) 

ovold to 
spher, cal 

vesicul ar 
to dense 

distInct, 
dense 
6-8 
Na27 
X-6.61 
(.:0.85 ) 

often 2. 
distinct & 
eccentrl c 
2-3 
Na26 
Xa2.27 
(':0.47) 

Na27 
X=3.29 
(.:0.39) 

N-26 
1-3.01 
(.:0.60 ) 

absent 

1-3 cell s 

STAGES IN OO&ENESlS 

second. rI 
oocyte (3) 

25-40 
N-n 
X-33.54 
(.:,5.09) 

ovold to 
spher,cal 

dense 

distinct, 
dense 
8-12 
N .. 67 
X"9.28 
(.!.1.47) 

often 2, 
d1st,nct & 
eccentrlc 
3-4 
N-63 
r-3.06 
(.:,0.62) 

N-67 
j-3.65 
(.:,0.46) 

N-63 
j-3.21 
(.:,0.55,) 

absent 

1 layer 

zygote (4) 

40-300 
N-51 
j-76.69 
(.:68.09 ) 

ovold to 
spheri cal 

dense Wl th 
phagosomes 

di st 1 nct, 
often a 
cl ear zone 
around 
membrane 
10-22 
N-37 
i s 12.99 
<.!3.34 ) 

usually 2, 
dist i nct & 
eccentrlc 
3-8 
Na35 
i-4.31 
(.:.1.38 ) 

N-37 
la4.78 
(.!:.1.16) 

Na 35 
X-3.13 
(.!:.O.51 ) 

present 

3-4 1 ayers 

375-525 X 335-485 
N-16 
X=473.13 X 394.38 
(.:,47.74 X 46.61) 

ovold 

b 1 astomeres 
(190 - 30jJm) 

could not be 
clearly 
dlstlngul shed 
in b la stomeres 

absent 

3-5 layers, 1 
closely apposed 



FIGURE 3: 

a) Nursery in endosomal tissue of H. 1 achne. bl, bl astomeres of young 
embryo; me, mature fIllbryo; pl, parenchymella larva. 

b) Light micrograph showing the separation of chromatids in l ate 
anaphase stage of mitosis in an oogonium in the endosomal tissue 
of .!!:.. lachne. Note the triangul ar shape of the oogonium and its 
vesicular cytoplasm. 

c) Electron micrograph of a primary oocyte in S. barbara. A portlon 
of another primary oocyte (po);s visible inthe bottom right hand 
corner. 1, lipid; m, cluster of mitochondria; n, nucleolate 
nucleus; y, yol k. Arrow indicates dense granular material around 
the periphery of the nuclear membrane. 

d) Light micrograph showing separation of four ova in 1ate telophase 
II of meiosis in an endosomal nursery of H. lachne. ca, cavitles 
remaining after release of differentiated parenchymella larvae. 

e) Light micrograph of male (~) and female (<.f) pronuclei in a 
secondaryoocyte (ovum) of ~ lachne. Transmitted light. 

f) Fluorescence micrograph of e). Note the distinction between the 
two prunuclel. Arrowhead indicates the male pronuc1eus. The 
bright structure at the bottom of the micrograph is part of a 
spongin fibre. Spongin exhibited autofluorescence as bright as 
that of the male reproductive elements (Chapter 3). 

) 
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oogenesis suggest that presumptive oogonia differentiate directly from 

arehaeocytes within the mesohyl of adults. These cells are initially 

triangular in shape, lO-15pm in diameter and contain a distinctly 

enlarged nucleus (4-6,um) with a single prominent nucleolus (ca. 2Jlm) and 

vesicular cytoplasm. Figure 3b shows an oogonium bel ieved to be undergoing 

mi tosis to produce primary oocytes. These cell s become more or l ess ovoid 

or spherical in form and inerease in size to 20-25,um. Primaryoocytes 

maintain the distinct nucleolate (2-3,um) nucleus (6-&um) of the oogonia, 

but the cytopl asm has now become dense. Often two di screte nucl eol i were 

observed, as well as dense granul ar material around the peri phery of the 

nuclear membrane. One or two archaeocytes were seen in close association 

with these oocytes, and it is believed that the archaeocytes form a limiting 

1 ayer of nurse cell s around the oocyte. 

The cytoplasm of these primary oocytes already contains yolk grdnules, 

glycogen and lipid (Fig. 3e). However, evidence of phagocytosis and 

transfer of material from cell s in the mesohyl was not seen in any of these 

cells examined. Tetrads of cells were frequently observed in the 

"nurseries" of all reproducti vely active specimens exami ned. Figure 3d 

shows a typical arrangement of these four closely associated cells which are 

believed to be seeondary oocytes (ova) derived fram the final phase 

(telophase II) of the maturational divisions of a primary oocyte. Pol ar 

body formation was never seen. Fertil ization was not observed, but male and 

female pronuclei were found in secondary oocytes suggestlng that 

fertil ization occurs shortly after the second meiotic divisior. (Flg. 3(2). 

During the study of spermatogenesis in these same four sponge species 

(Chapter 3) spermatids were found to be autafluorescent. t,.lhen secondary 

oocytes containing the two pronucl ei were examined under a fluorescence 
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microscope (see Materials and Methods, Chapter 3) one of the two nuclei 

demonstrated a bright yel low-white autofluorescence, similar to that of the 

spermatids (Chapter 3), while the other nucleus was not visible and the 

cytoplasm of the oocyte showed very low levels of fluorescence (Fig. 3f). 

The zygote grows to about 300)Jm in diameter before cleavage occurs. 

During thp growth of the zygote there has been subsequent apposition of 

nurse cell 1 ayers (2-3) to the initial 1 imiting layer observed surrounding 

secondaryoocytes. Nurse cell s were observed actively phagocytosing 

bacte:"'Ïa, co11agen fibri1s and other ce11s from the mesohy1 of the adu1t 

(Fig. 4a). The nurse ce1ls are approximate1y lO)Jm in 1ength with a dense 

nucleus (ca. 4)Jm) and cytop1asmic inclusions of yolk, lipid, phagosomes 

and glycogen. These cells make intimate contact, by means of microvilli, 

with the surface of the zygote and often form cytoplamic bridges in which 

the membranes of both lose their integrity (Fig. 4b). Phagosomes, glycogen, 

lipid and large yolk spheres accumulate within the growing zygote. In the 

latter stages, as the zygote increases in size, nurse ce1ls are phagocytosed 

direct1y, and the remaining cel1s become progressive1y elongated and 

fl attened. 

A difference was observed in the zygote stage of the four sponge 

species investigated. Zygotes and nurse cel1s in specimens of on1y 

.hcheiris contain extremely electron dense cytop1asmic inclusions that 

could not be detected in thick sections. These inclusions are concentrated 

around the membrane of the zygote and are about the same size as the yo1 k 

granules, 1-2).lm (Fig. 4c). They are also dispersed in the blastomeres of 

embryos, and the cells of differentiating larvae. These inclusions are very 

similar in appearance tü the pigments observed in the flage11ated epithe1ial 

layer of differentiatin'g larvae in all four spec;es. 
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FIGURE 4: 

a) Electron micrograph of nurse ce11s phagocytosing bacteria (b) and 
co 11 agen fi bril s (c f) from the mesohy1 0 f 1:. arami nea. l,li pi d ; 
y, yo1k; z, zygote. 

b) Electron micrograph of a nurse cell feeding a zygote in S. barbara 
by the formation of microvi11 i (mv) and cytopl asmic briages (c6) 
which transfer materia1 to the growing zygote (z). n, nucleus of 
nurse ce 11 • 

c) El ectron mi crograph of a zygote in the endosoma l tissue of S. 
cheiris. Note the presence of extreme1y e1ectron dense inclusions 
(i) in the surrounding nurse cells (nc) and concentrated around the 
membrane of the zygote (z). mm, maternal mesohyl; ph, phagosomes. 

d) Light micrograph of an umbil icus connecting an embryo of H. lachne 
to parental tissue. Bacteria (b) are extrace11ularly transferred 
from the maternal mesohyl (mm) ta the cleaving embryo (e). bl, 
b1astomeres; ca, cavity in the mesohy1 accommodating growth of the 
cl eav i ng embryo. 

e) Electron micrograph of symbiotic bacteria (b) from the maternal 
parent outside of b1 astomeres (bl) in a cl eavi ng embryo of H. 
1achne. 

f) Electron micrograph of an incubating cytodifferentiated 
parenchymella 1 arva of S. barbara showing the peripheral region 
consisting of small unTTlagel'ated cells of the pigmented 
epithelia1 layer (ep) and underlying layers of larger amoeboid 
ce1ls (am) actively undergoing mitosis. The central region 
contains symbiotic bacteria (b) and co11agen fibrils (cf) dispersed 
between archaeocytes (ar) containing small l ipid and yol k granules. 
Note the fl attened layer 0 f nurse ce 11 s a round the 1 a rv a. cr, 
collagen-like fibril ring. 
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Cl eavage was total and equa1 resul ting in the fonnation of sol id, 

translucent-white stereoblastulae. As cleavage proceeds a single layer of 

fl attened nurse cell s becomes apposed to the embryonic membrane. Each of 

these cell 5 has a large nucleus (many are binuc1eated) and dense cytoplasm. 

Col1agenous-like connections (umbilici) were observed between this single 

layer of nurse ce11s and the other nurse cel1 layers which were separated by 

a cavity to accomoddte the increa5e in volume of the cleaving embryo (Fig. 

4d). Symbiotic bacteria were seen dispersed between blastomeres and lnside 

the embryonic men.brane of al1 of the young and maturing embryos (Fig. 4e). 

The s ym b ion t s, wh i c h h a v eth e sam e a p p e a ra n c e a s th 0 sei n the mes 0 h Y lof 

adults, showed no signs of digestion and many were undergoing divislOn. No 

o the r cel 1 s we r e fou n d i n the em br yo S. Dur i n gel e a vag eth e 1 a r 9 e yo 1 k 

granul es are broken down and become 1 ess di st i net. 

At the end of cleavage the blastomeres differentiate, resulting in the 

development of a cytodifferentiated parenchyme1la 1arva possessing two 

distinct regions: a central low density cell mass, and a perlpheral region 

of high cell density. The central cellular mass r.onsists of: a loose 

arrangement of co1lagen fibrils, symbiotic bacteria, archaeocytes and what 

appear ta be collagen-like fibril rings. These rings are closely aligned 

with the archaeoc.ytes and there is no matrix material within the space 

enclosed by the ring. Archaeocytes (c.a. lO)Jm) contain a diffuse nucleus, 

numerous phagusomes, sma" yolk and lipid granules and, in larvae of 

~ che i r; s, the ex t rem el y e 1 e ct r 0 n den sei n cl us ion s no te d e a r 1 i cr. The 

peripheral region consists of: small uniflagellate cells (ca. 4)Jm in 

1 e n 9 th) f 0 rm i n 9 a t i 9 h t 1 y P a c k e dan d dis tin c t 1 Y P i g men t e d col u rn n a r 

epithelial layer, and underlying layers of large amoeboid cells (ca. 5)Jm) 

which contain densely staining nuclei, phagosomes and small yolk and lipid 
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granules (Fig. 4f). The amoeboid cells in the larvae of S. cheiris also 

contai n the dense i flc1 us ions reported earl ier. Umbil ici were not observed 

in differentiated larvae. 

Pa renc hyme 11 a 1 arvae of ~ lachne, ~ barbara, S. chei ri s - and S. 

9.raminea have an average size of 420)Jm by 350)Jm when released (Fig. Sa). 

The free-swimming larvae are ovoid with dark grey pigmentation and posterior 

regions encircled by a black pigmented ring of cells bearing long cil ia (ca. 

80,um). Shorter cll i a (ca. 16)Jm) are dispersed over the entire surface of 

the larvae. Released larvae, directed by the long posterior cilia, 

displayed directlonal swimming with constant lateral rotation for a period 

of 24-48 hours. 

Ultrastructural examination of parenchymel1a larvae, of all four sponge 

species, that had been free-swimming for 24-36 hours also revealed two 

distinct regions (Fig. 5b). The peripheral region and the central cell mass 

are similar to those of the incubating larvae with the following exceptions. 

The epithel ial cell s possess elongated cytoplasmic extensions surrounding 

the single flagellum, and phagocytic vacuoles are often present at the tips 

of these extensions (Fig. 5c). Sorne of the amoeboid cell s now contain 

pigment granules indistinguishable from those of the epithelial cells. The 

shape of the amoeboid cell s. their subsequent occurrence at the surface of 

metamorphosing larvae, and the deformation of collagen fibrils in the 

vicinity of these cell s suggest that these cell sare mobi l e, streaming 

towards the periphery of the larvae. The archaeocytes in the central region 

a1so contain pigment granules (Fig. 5d). The main volume of the larvae 

consists of loose mesohyl where collagen secretion and phagocytosis were 

observed. However, definitive cell types such as exopinacocytes, 

basopinacocytes and collencytes present in adult sponges were not recognized 



FIGURE 5: 

a) Live parenchymella larvae of S. graminea. The posterior ends (p) 
are encircled by a black pigmented ring of cells bearing long cil ia 
(le) which steer the actively swimming larva, and short cil ia (sc) 
cover the remainder of the larval surface. 

b) Electron micrograph of the surface of a parenchymella larva of S. 
barbara whi ch had been swimmi ng for 24-36 hours. The two regions 
of the swimming larva are similar to those of the incubating larva 
(Fig.4f). Ai,lOeboid cells (am) in the peripheral region appear to 
be streaming towards the peri phery of the 1 arva. Archaeocytes (ar) 
in the central region of the larva are closely associated with 
collagen-like fibril rings (cr) also observed in the incubating 
larvae. Pigment granules (pg) are present in Sorne of the amoeboid 
cell sand archaeocytes as well as the cil iated epithel ial cell s 
(ep). b, bacteria. 

c) Electron micrograph of the ciliated epithelium of a swimming larva 
of S. graminpa. These cells possess elon~ated cytoplasmic 
extenSlons (ce) surroundir,g the single flagellum (f). Phagocytic 
vacuoles (pv) are often present at the tips of ihese extensions. 

d) El ectron mi crograph of the interna 1 mesohyl of a swimmi ng 
parenchymell a l arva of S. barbara. The loose mesohyl cons i s ts of: 
collagen fibril s (cf),symbiotic bacteria (b), archaeocytes (ar) 
containing pigment granules (pg) and collagen-like fibril rings 
(c r) • 
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in the 1 arvae. 

Behavioural Studies: 

1) Photo taxi s: 

-70-

A11 fifty of the l arvae from each of the four sponge species 

demonstrated a negative phototactic rcsponse to a unidirectional l ight 

source appl ied di rectl y to the experimental chamber. When the l ight Wù~ 

applied the larvae would immediately swim out of or away from the path of 

l ight and actively swim in the darkened regions of the chamber. This saille 

response was reeorded for all larvae on all three trial s. No geotactic 

behaviour was observed; larvae would actively swim at all depths in the 

experimental chamber. Prior to settlement and metamorphosls, the larvae 

entered a creeping phase whieh was interrupted by sporadic episodes of 

swimming. This phase 1asted for 2-8 hours during which time the larvae 

demonstrated no particular taxis to a unidirectional light source applied 

di rectl y ta the sett l ement chamber. 

2) Substrate Selection: 

There was no evidenee of substrate selection, by type or orientation, 

by the larvae of !!.lachne,l. barbara,l. cheiris, andi. graminea (Table 

5). The results of the four-factor ANOVA, including interaction effects, 

showed no significant difference in: 1) the number of larvae settl ing on the 

various proffered substrates (P > 0.15), 2) the number of l arvae settl ing 

among the four species (P=1.00), or 3} the various interactions of 

substrate types (P>O.59) and substrate types and species (P>O.47) on the 

number of larvae settling. This study strongly suggests that there is no 

sel ection of a specifie settl ement surface by the l arvae of these four 

species. However, additional studies offering different substrate types 
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TABLE 5: Number of larvae settling on various substrate types. 

N= total number of l arvae settl ing on proffered substrates. 

SUBSTRATE TYPE 

GLASS TRANSITE 
SPECIES N 

ClEAN AGEO ClEAN AGE 0 

UPPER UNOER UPPER UNDER UPPER UNDER UPPER UNOER 

H.lachne 17 3 2 2 2 3 2 2 1 -
S. barbara 19 3 2 2 3 2 2 3 2 -
S. chei ri s 22 3 3 3 2 3 3 2 3 -
s. graminea 22 3 4 3 2 3 3 3 1 
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with more larvae and replicate testing are necessary to substantiate these 

findings. 

A few 1 arvae metamorphosed on the surface film of the water, but did 

not survive beyond their initial attachment to the air-water interface. A 

specific study on the proximity of settled larvae was not conducted. 

However, it shoul d be noted that l arvae tended to settl e withi n about 2 cm 

of each other if they chose the same substrate type and orientation as 

another. 

Larval Metamorphosis: 

Attachment to a substrate is the beginning of the metamorphosis from a 

free-swimming l arval form to the organized structure of a young sponge, and 

is a continuous pro cess. Rapid and simultaneous changes take place 

externallyand internally. In order to follow the events in this process it 

is convenient to rrport macroscopic and microscopic transitions separately. 

A post-l arva 1 metamorph is defined as the stage from substrate attachment to 

the manifestation of adult cell types and basic organization. 

1) Mac roscopi c [vents: 

1 n e a c h 0 f the fou r s p e cie s, set t l em en t 0 f the 1 a r v a e 0 cc urs 26- 5 6 

hours after release from the parent sponge. The settl ing larvae come to 

rest vertically or obliquely on the anteriùr pol e, often spinning slowly 

about the attachment point (Fig. 6a). If the settl ing larvae are disturbed 

during this stage they will settl e on a new area of substrate in the same 

orientation as before. The original site of attachment is covered in an 

amorphous mucous-like secretion containing a few scattered sponge cells. As 

metamorphosis proceeds the cell s in the region of attachment spread out over 

the substrate, progressively flattening the post-larval metamorphs. This 



FIGURE 6: 

a) A 1 ive parenchyme11a 1 arva of ~ graminea spinning on its anterior 
pole prior ta attachment ta a glass slide. Note the black 
pigmented ring on the posterior pole of t.he larva. The ring 
consists of pigmented cells bearing long cilia which aid in the 
directed movement of the 1arva. 

b) A live post-larva of i:.. graminea 24 hours after settlement on a 
gl ass sl ide. Cel1 s have spread out over the substrate 
progressive1 y f1 atteni ng the j uvenil e sponge. However, mo st of the 
cells remain centrally located. The dark grey pigmentatlon has 
pa l ed. 

c) A live post-larva of ~ gram;nea 5 days after settlement on a glass 
slide. The arrow indicates discrete black spots on the surface of 
the metamorphosing sponge. These 1ater developed into the oscul es. 
Most of the cells have become consol idated into a rounded disco 

d) El ectron micrograph of the free surface of a post-larva of S. 
barbara that had been removed from a gl ass sl ide 24 hours aftër 
settlement. Exopinacocytes (ep) and archaeocytes {ar) were 
observed secreting collagen f;brils (cf). A variety of cellular 
inclusions can be seen in bath ce11 types including: pigment 
granules (pg) and phagocytic vacuoles (pv). There are no obvious 
l arva1 cil iated epithel ial cell s present. cr, coll agen-l i ke fibri 1 
ri ng. 

e) El ectron micrograph of the attachment surface of a post-l arva of S. 
barbara that had been removed from a glass slide 24 hours aaër 
settl ement. Arc haeocytes are di fferenti at i ng i nto basopi nacocytes 
(bp) which contain many smal1 veslc1es (ve). A basal lamella (b1) 
consisting of collagen fibrils and an amorphous substance underlles 
the basopinacocytes. There are no obvious 1arval ciliated 
epithelia1 cells present. cr, collagen-like fibril ring. 
INSET: El ectron micrograph of basal l amell a of S. barbara. cf, 
collagen fibrils. -

f) Electron micrograph of the celltra1 region of a post-larva of l!. 
bar bar a t ha t h a d b e e n r em 0 v e d f rom a g 1 a s s s 1 ; de 2 4 hou r s a ft e r 
sett1ement. Symbiotic bacteria (b) and archaeocytes (ar) are 
present in high density. Archaeocytes are engdged in phagocytosis 
and the production of the coll agen matrix. Note the persistence of 
the collagen-1ike fibril rings (cr) first observed in the incubated 
1arvae. pg, pigment granules. 

} 
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rapid reorganization changes the settling larvae fro~ an ovoid shape ta the 

rounded disc of the post-larvae in about 8 hours. The main mass of cells 1S 

centrally located. After 18 hours, the ci 1 ia that covered the surface of 

the free-swlmmi ng l arvae are no longer present, and the dark grey 

pigmentation has pal ed. At this time the metamorphs are approximately 1 

mm in diameter (Fig. 6b). During the next four days the metalT1orphoslng 

sponges continue to spread out over the substrate exhlblting a h1gh degree 

of pl eomorphi sm. However, by fi v e days post-sett 1 ement the lTletamorphs arC' 

once again disc-shaped and dlscrete bl ack spots appear on the surface ot 

the young sponges (Fig. 6c). SlX days after settl ement 1 acunae (cav l tics) 

develop beneath the eplthelial layer and withln the central lTlass of cc1ls. 

These are the early stages ln the formation of the canal system. El even 

days post-settl ement the canal s have increased in number and the dl screte 

black spots have become miniilture volcano-llke structures, the oseul es. [3v 

the end of the observation period (21 days), thp young sponges are 

hemispherical in shape and approx1mately 1.5 mm in diameter. Connections 

have formed between the canal s and the oscul es are more prominent. 

2) Microscopie Events: 

The following description is based on ultrastructural examinations of 

post-l arva l metamorphs of S. barbara and ~ grami nea that had becn relTloverl 

from glass slides 24 hours after settlement. Observations \.JT these 

specimens reveal ed l ittl e disruption of the attachment surface. It vlOul d 

appear that adhesion to the substrate é!t thi s time 1 s tenuous, and occur sin 

onlya few areas along the surface of the spreading rnetarnorphs. 

The absence of the cil iated epithel ial layer present in lncubated and 

free-swimming larvae substantiates macroscopic observat10ns. There lS a 

marked depletion of the cell population in the peripheral regions of the 
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metamorphs. The ci l iated cell 5 on the external surface of l arval farms have 

been repl aced, in the post-l êfrvae, by archaeocytes (ca. 10-12 J-lm) which 

con t ai n a var i et y a f cel l u 1 a r i ne lus i ans and 1 a r g e p r am i ne nt nu cl e i • 

However, on the free surface the archaeocytes have di fferentiated into 

exopinacocytes. lil1s is eVldenced by the fusiform shape and very thin, 

el ongated cytopl asml c extenslons of these cell s (Fig. 6d). There i s no 

eVldence of a unlform cell coat. hOvlever, an external amorphous "fuzz" 

envers portions of the exoplnacocytes which were observed releasing 

coll agen fibnl s. 

On the basal (attac.hment) surface of the past-l arvae extracell ul ar 

matenal underlies the archaeocytes. This basal lamella is 100-150 nm 

thlck and consists of what appears to be collagen fibrils within an 

amorphous substance. Fibri 1 s al so extend lnto the sponge matrix and 

provide anchorage poin:..s which blnd the basal l amella and matrix (Fig. 6e, 

1nset). Archaeocytes have started to dlfferentiate into basopinacocytes, 

eVldenced by the fl attened appearal1c.e of these cell 5 and the presence of 

many small vesici es within the cyt.opl asm (Fig. 6e). However, the definitive 

adul t basopinacocyte 1 s not yet obvious. These cell s were observed 

extrudi ng coll agen fibri l sand vesicl es into the surroundi ng matrix, 

suggesting their involvement ln the synthesis of the basal lamella. 

The central region of the post-larvae contains symbiotic bacteria and 

mesohyl cells in high density. Archaeocytes are engaged in the production 

of the coll agen matrix and phagocytosi s. At th; s stage; n metamorphosi s the 

young sponges are 75-100j.lm thick and show no evidence of canal or choanocyte 

formation (Fig. 6f). The coll agen-l i ke fibril rings first observed in the 

incubated larvae persist in the post-larvae. However, fewer fibril rings 

were observed in the post-l arvae and they were more often observed in the 
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region between the central cell ul ar mass and the exopinacocyte 1 ayer of the -
metamorphs. 

Intracellular pigments arenot conce~trated in the surface laYE'r of 

po~t-larvae as they were;n the larval forms, and th;s;s paralleled by the 

fading in pigmentation reported macroscopical ly. Exopinacocytes, hasal 

archaeocytes and mesohyl cell s all contain these el ectron dense cytopl asnl1 c 

inclusions. Pigment granules were often observed in lntracellular vacuol(~s 

of the c; e cel l s. 
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DISCUSSION 

There have been relatively few detailed investigations of oogenesis in 

sponges (Fel l, 1983). Manyaccounts of thi s proeess are part of more 

general descriptive studies ùn reproduction. The present study undertook 

detai led 1 ight and transmission electron microscopie examinations of 

oogeneic elements in four sponge species. Morphological characteristics of 

these elements were statistically analyzed to objectively identify specifie 

stages in oogenesis pnor to describing the dynamics of this process. 

Results indicate that it may be possible to stage elements in the process of 

oogenesis based on a few key structural features. This woul d reduee the 

time requ;red in the histological examinations of serial sections, and 

suggest target cells to examine in greater detail for events such as gamete 

differentiation, meiosis and ferti1ization. There is a need for similar 

morphological studies, especially ultrastructural ones, on other sponges to 

pro v ide m 0 r e i n f 0 rm a t ; 0 non the de ta ils 0 f 00 9 en es; san d 00 9 e ne; c 

structures. However, to determine the factors and elucidate the mechanisms 

regul at;ng oogenesis and other reproductive processes, bioehemical and 

experimental approaches to investigations of these processes are urgently 

required. 

Recent and extensive l iterature rev;ews on reproduction in sponges 

ind;cate a great variability in sexual differentiation among demosponges 

(Fel l, 1983; Re;swig, 1983; Simpson, 1984), but from the variabil ity two 

cons; stent patterns emerge. Demosponges that broadcast eggs or embryos 

(oviparous) are generally dioecious (gonoehoristic). Only two exceptions to 

this pattern have been reported, Tetilla sp. (Liaci, rt.!l, 1976) and 

Verongia (Aplysina) aerophoba (Liaci, et.!l, 1971); both of these species 
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are oviparous and hermaphroditic but belong to genera in which other specles 

are oviparous and gonochor;st;c (Reiswig, 1973; Watdnabe, 1978). Al l of the 

tetractinomorphs where the mode of sexual reproduction is known (wlth the' 

exception of Teti 11 a sp.) exemp1 i fy thl s form of sexual lty. The second 

pattern that emerges i s a tendency for (lemOsponges Whl ch brood embryos and 

larvae (viviparous) to be hermaphrodltlc (Hallsarca dUJardinl. lévl, 1956; 

M;crociona prolifera, SllnpSOn, 196R; Irclnia fasiculata. ~ variabllls, 

Spongia offic1na1is, Llaci, et~, 1971). Wlthln the ceractlnolllorphs, and 

specifical ly among the keratose sponges, viviparity wlth gonochorlsm 15 

considered to be an except1on. 

The pre sen t st u d y d em 0 n st rat est ha t li!. lac h ne. ~ bar bar a • 2.:. elle l rl S 

and ~ graminea are viviparous, and al1 avall able eVldence suggests thclt 

these specles are dioecious. However, increasing eVldence of sex rpvprscll 

and a high degree of interspecific vanabl1lty ln sexual dlfferentldtlOn 

among sponges (Fel l, 1970; Dlaz, 1973; Van de Vyver dnd ~illl enz. }lUS; 

Elvin, 1976; Gllbert and Simpson, 1976; Fel l and Jacob, 1979) sU99psts that 

intrinsic interactions between genetlc and/or enVl ronIIIenta1 fdctors Illily 

deternllne sexual di fferences. Therefore, succPss; ve herrnaphrrdltl sm ln 

these four spec;es cannot be ru1 ed out. Further lnvestlgatlOns of sflonge 

popul ations over an extended penod of time ~nd under dl fferent 

envi ronmenta1 regimes are requi red to gain a better understanding Dt th!' 

process of sexual differentiat;on. 

Sponges 1ack localized discrete reproductive organs and in mot;t 

viviparous and oviparous 1ndividua1 s large areas of mesohyl are invol ved in 

reproduction. However, as in another vivlparous speclcs v,hlCh produces 

large yolky eggs (Halisarca dujard1ni, Lévi, 1951), oocytes and embryos of 

the four spec;es studied here develop asynchronously ln cllJsters or 
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nurseri es withi n the basal or central zone of endosomal tissue. Simi 1 ar 

asynchronou5 development of oogeneic elements grouped in small clusters has 

been reported in other sponges (Oscarel1a lobularis, Halisarca dujardini, 

Lévi, 1951; 1956; Halichondria sp., Fell and Jacob, 1979). The genera1 

plttern of oogenesis and l arval development in li.:. lachne, 1:. barbara, .h 

cheiris and i:. graminea is similar to that reported for other brooding 

demosponges (Hal;sarca dujardini, Lévi, 1956; Hippospongia communis, Tuzet 

and Pavans de Ceccatty, 1958; Microciona erol ifera, Simpson, 1963). 

OOGENESIS. MEIOSIS AND FERTILIZATION: 

The present study, and light microscope studies of oogenesis in other 

viviparous demosponges (Leveaux, 1941; Lévi, 1956; Simpson, 1968) suggest 

that archaeocytes are the anlagen of oogonia. On the other hand, 

ultrastructura1 studies of oogenesis in an oviparous demosponge, Suberites 

massa (Diaz,!1~l., 1973; 1975; Diaz, 1979), and a v;viparous demosponge, 

Halisarca dujardlnl (Korotkova and Aisenstadt, 1976), have repotted that 

oogoni a are derived from choanocytes. However, transformation or 

differentiation of choanocytes and choanocyte chambers into oogonia was not 

observed in l ight and transmission el ectron microscopie examinations of the 

sponges in this study. It should be noted that all conclusior.s regard~ng 

the origin of female germ cells are based upon interpretation of fixed 

tissues. Conclusive experimental work has not yet been possible but is 

desirabl e. Based upon present knowl edge of 00gonia1 geneal ogi es, great 

variabil ity among a1most all of the species which have been investigated 

makes it impossible to predict detailed patterns of oogenesis in any group 

of sponges which has not been studied specifically. Therefore, 

general izations concerning the process of oogenesis should be made 
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cautiously as it is likely that species and/or habitat differences may occur 

in this process similar to other biological and ecological phenomena 

(histocompatabi l ity responses, recognition, competition) in these lower 

metazoans. 

The dense granul ar material observed around the nuc l ear membrane of 

developing oocytes has also been reported in a number of othE'r demosponges 

(Reniera elegans, Tuzet, 1947; Stelleta grubii, Liac; and Srlscl011, 1967~ 

Suberites massa, Diaz, rt!l, 1975; Aplysina (Verongla) cavernlcola, 

Gallissian and Vacelet, 1976). The nature of the materlal lS not known but 

it has been suggested that its presence may serve as a useful marker for 

developing oocytes (Slmpson, 1984). The presenc.e of two dlstlnct nucleoll 

in nuclei of developing oocytes has also been reported ln an oviparous 

demosponge (Tethya citrina, Gaino, !.!.~, 1987). If further studles revcal 

this to be a consistent feature perhaps it too can serve as a marker for 

developing oocytes. 

Two phases of growth in oocytes were first described in ,>pongl11hJs by 

Leveaux (1941), and have since been reported in a number of viviparous 

sponges (Halisarca dujardini, Lévi, 1956; Hippospongia communis, Tuzet and 

Payans de Ceccatty, 1958; Halisarca dujardini, Aisenstadt and r-orotkova, 

1976). The first phase involves the uptake of soluble materlal s, and the 

second involves the phagocytosis of nurse cells. In the rresent study, the 

first phase, "le petite accroissement" does not involve the transfer of 

materia1 from ce11s in the mesohyl. The small yolk granules, glycogen and 

lipid are probably synthesized by the oocytes themselves utllizing rjisr:,olved 

substances acquired through pinocytosis and/or diffusion. The second phase 

of growth, "le grand accroissment", initially involves transfer of materials 

from nurse cel 15 through cytoplasmic bridges, and later direct phagocytosis 
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of nurse ce 11 s by zygotes. 

Phagocytic nutrit i on of oocytes/ zygotes has been reported in other 

viviparous demosponges (Hippospongia communis, Tuzet and Payans de Ceccatty, 

1958; Haliclona ecbasis, Fe", 1969; Halisarca dujardini, Aisenstadt and 

Korotkova,1976). Alternatively, transfer of material via cytoplasmic 

bridges has not been previously documented in viviparous demosponges. 

However, this nonphagoeytle growth process has been reported ln oocytes of 

oviparous demosponges (Aplysina (Verongia) cavernicola, Gallissian and 

Vacelet, 1976; Chondrosia reniformis, Lévi and Lévi, 1976; Suberites massa, 

Diaz, 1979) and is considered to play the major role in the nutrition of 

these oocytes. These nutritional di fferences rnay refl ect di fferent 

strategles for the apportioning of resources to reduce energy loss in 

gametie wastage. For example, viviparous ~ponges may allocate energy to 

the phagocytie nurturing of zygotes while oviparous species direct energy 

toward the production of large numbers of small unfed oocytes. Crucial 

informat)on on the growth and nutrition of oocytes and zygotes will only be 

gai n e d th r 0 U 9 h a u t 0 rad i 0 g r a phi c and b i 0 c h em i cal st u die s • 

Al though all phases of meiosis were not observed, the persistence of 

tetrads of divlding oocytes in the first phase of growth suggests that 

me i 0 sis 0 ecu r 5 w i th 0 ut the f 0 rm a t ion 0 f pol a r b 0 die san d b e for eth e 

apposition of extensive layers of nurse cell s. Fertil i zation was not 

observed, however the observation of presumed male and female pronuclei in 

oocytes of the size and appearance of those having completed meiosis 

suggests that after initial growth and meiosis, fertilization occurs and 

then zygotes undergo "l e grand accroissment". The observation of 

autoflourescence in one of these nuclei, which is similar to the 

autoflourescence of spermatids in these sponge species, strongly supports 
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the suggestion that fertil;zat;on occurs after me;os;s and then the zygote 

undergoes the major phase of growth. This is the first record of a 

def;nitive label that could b(: used to identify fertilization in the 

sequence of events leading to embryogenesis. Further studies investigating 

autoflourescence in other sponge species might ultimately lead to a c1ear 

picture of the process of fertilization;n the sequence of events in sexual 

reproduction in sponges. The use of such a label may also be helpful in 

sel ecting cell s for i sol ation and cul turi ng expenments. 

Other studies of relationships between meiosis and fertllization have·' 

offered different interpretations of the order of this sequence of events. 

In the calcareous sponge 9 Clathrina (Leucosolenia) cori;:lcea (Tuzet. 1947) 

and the demosponge 9 Octavella galangaui (Tuzet and Paris, 1964) the prlll1ary 

oocyte undergoes initial growth fo:iowed by fertil izatlon, major growth 

and meiosi s respectively. Al ternativelY9 in Hippospongia ~ommunis 

(Oictyoceratida), Tuzet and Payans de Ceccatty (1958) have reported that the 

primary oocyte undergoes small growth followed by fertil izatlon, rneiosis 9 

and "le grand accroissment ll respect)vely. However, in none of these studies 

has meiosis been clearly documented. Gallissiüfl (1980, Grantia compres')ù) 

has presented the only ultrastructural evidence of sperm cell transfer (via 

a carrier cell), and to date, no ul trastructural studies have documentcd 

meiosis. The gr2atest obstacle ta gaining a clear picture of these two very 

important events in the sexual process is that of correctly interpreting 

dynamic events, that occur in a bri('f moment of time, from static imiFjes. 

More ultrastructural studies are requlred to provide the fine details, but 

biochemical and experimental approaches involving cell isolation and 

selective labelling are urgently needed ta complete our understanding of 

these events. 
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EMBRYOGENESIS: 

In the present study, the term embryonic membrane is defined as a thin 

membranous structure that compl etel y envelopes the embryo. In the 

1 it~rature concerned with the em~ryology of sponges this structure is either 

ne ver dis eus s e d 0 r vag u e 1 y r e fer r e d t 0 a san P. n v e 1 0 P e 0 r m em b ra ne. The 

nature and function of the structure have not been investigated in this 

study or other studies, but this does not precl ude its existence. 

Therefore, the tenn has been defined and used in this study to establ ish a 

reference. Further studies on the structure of the embryoni c membrane may 

provide infonnation on its function in erabryogenesis. 

The collagenous-like connect~~ns that are established during cleavage 

of the embryo have been referred to as umbil ici in the context of 1 inks 

wh; ch serve to tether and/or suppl y a substance to a dependent component of 

a system. In the literature to date, there are no reports of similar 

structures in other sponge embryos. Although similar connections have been 

observed in two other viviparous sponges, their' ~tructure was not clear and 

their presence in thesa sponges was therefore overlooked (De Vos and 

Vacelet, pers. comm.). 

Symbiotic bacteria were observed dispersed between bl a~tomeres and 

i n s ide the em b r yo nie m em b r a n e 0 f a l 1 the yo u n 9 and mat uri n 9 em b r yo s, and 

within the central milSS of cell s in l arvae and POSÎ.-I ar/ae of all four 

sponge species. Oocytes and zygotes however, were devoid of these el ements. 

The presence of symbiotic bacteria in the embryos together with the 

establishment of umbilici at this stage of development, suggests that the 

umbil ici apparently function as the pathway by which maternal intercellular 

symbionts are extracell ul arly transferred ta prageny. Thus, the reference 

to umbil ici in the context of the present study appears te be appropriate. 
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In a study on spermatogenesis in these same four sponge species (Chapter 3) 

symbiotic bacteria were never observed in any of the reproductive el ements. 

Therefore, it woul d appear, symbionts in these sponges are maternally 

inherited. 

There are only two other studies which have clearly demonstrated the 

transfer of sponge bacterial symbionts from one generation to the next. ln 

these oviparous spec;es where embryogenesis occurs externa 11y. transfer 

took place directly by oocyte incorporation of bacteria from parental 

mesohyl (Aplysina (Verongia) cavernicola, Gallissiafl and Vacelet. 1976). or 

i n d ire ct l Y b Y em b r y 0 i n cor po rat ion 0 f soma tic cel 1 s con t a i n i n 9 bac ter i a 

(Chondrosia renifonnis. Lévi and Lévi, 1976). In both cases extracell ul ar 

parental bacteria were intracellularly translocated to the next generation 

either in vacuoles within the oocyte itself or in vacuoles of incorporated 

somatic cells. Extracellular transfer of symbiotic mycoplasma-like 

organisms between generations has been reported in bryozoans (Zlmmer and 

Wooll acott, 1983). Mucous strand~ establ ished during development appear to 

be invol ved in transmission of these symbionts from parent to l arVil. 

The present study is the first record of: 1) the transfer of bacterial 

symbionts between generations in viviparous invertebrates and, 2) a unique 

mode of extracellular transfer of symbiotic bacteria in sponges in general. 

Specifie investigations will be required to provide more information on the 

structure, formation and role of these umbil ici in the development of 

embryos. They may perform an important function in the transfer of other 

cel 1 san d sol u b les u b st an ces i n vol v e d i n em b r yo 9 e n e sis and / 0 r 1 a r val 

differentiation. Substances required for the synthesi s of pigments present 

in many parenchymell a l arvae, and other symbionts such as cyanobacteria and 

zooxanthell ae may be geneal ogically transl ocated via umbil ici. 
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lARVAl OEVELOPMENT AND METANORPHOSIS: 

The morphology and development of larvae in the sponges examined in 

this study is typical of parenchymell a larvae in many viviparous demosponges 

(for review see Simpson, 1984). However, as in most other studies, the 

specific processes involved in cellular differentiation and organization are 

not cl ear1y understood. The presence of symbiotic bacteria has only been 

reported in the larvae of four other sponge species which are also known to 

possess populations of bacterial symbionts in the mesohyl of adults 

(Oscarella lobularis, Lévi and Porte, 1962; Hamigera hamigera, Boury

Esnaul t, 1976; Chondrosia reniformi s, Lévi and Lévi, 1976; Neocoel ia crypta, 

Vacelet,1979). However, the method by which larvae acquire these symbionts 

is known only for one of these species (Lévi and Lévi, 1976) and has already 

been discussed. 

Collagen-1ike fibrii rings have been reported in parenchymella larvae 

of three other demos ponges: Hal i chondri a moorei, Ulosa s p. and ~1i croc i ona 

rubens (Bergquist and Green, 1977). They were first observed in these 

1arvae 60 hours after settlement and their close association with 

archaeocytes suggested their involvement in canal formation. In the present 

study, the first appearance of these structures early in larval 

differentiation suggests that they may also play a role in cellular 

organization and matrix development. These fibril rings may give form and 

flexibility to the larvae allowing the organisms to modify their shape in 

res ponse to pressure di fferences duri ng re l ease and set t l ement. They may 

also function in the movement of soluble substances into and/or out of the 

mesohyl. 

The cilia of the free-swimming larvae of four other demosponges have 

been reported to be surrounded by a continuous collar formed from an 
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extension of the cytoplasm of epithelial cells (Mycale contarenii, Lévi, 

1964; Halichondria moorei, Ulosa sp., Microciona rubens, Bergquist and 

Green, 1977). In the present study, the presente of similar structures in 

free-swimming larvae, and their absence in incubating larvae may indicate a 

preparation for ensuing attachment. The existence of vacuoles at the tips 

of these extensions and the absence of any special secretory cel 1 sin the 

epithelial layer suggests that the ciliated cells may release substances 

involved in the preliminary events of larval-substrate interactions. 

The first event in larval metamorphosis is the rapid formatlon of the 

epithel ial surfaces (pinacoderm) of the young sponges. Within 24 hours of 

settl ement archaeocytes appear to have migrated to the periphery of post

larvae and differentiated into exopinacocytes in the upper epithelial layer 

and basopinacocytes in the region of substrate attachment. Little 

information is avail able at the present time on the mechanism of substrate 

adhesion. However, it is clear from ultrastructural observations of post

larvae that attachment does not involve secretions from specialized gland 

cells since no such structures were obvious. The absence of specifie cells 

and the presence of a basal lamella between the sponge and substrate implics 

that adhesion is a function of basopinaeocytes, and mediated by a groundmat 

secreted by these cells. Attachment of the basal lamella was not observed 

but the lack of disruption of the attachment surface and the ease with which 

the post-larvae were removed suggests that, initially, attachment is tenuous 

and,achieved by point adhesions of the basal lamella and substrate. Similar 

studies on 1arval settlement and metamorphosis in other species of 

Demospongiae have a1so reported the formation of a lamella seereted by 

bas 0 p i fi a c 0 c y tes (M y cal e con t are n i i, Bor 0 j ev i c and Lé vi, 1965; Ham; 9 e r! 

hamigera, Boury-Esnault, 1976; Halichondria moorei, Ulosa sp., Mierociona 
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rubens, Bergquist and Green, 1977; Hal ichondria moorei, Evans, 1977). 

Considering that larval attachment is essential for the occurrence of other 

events in the metamorphosis of sponges it is surprising that, to date, no 

studies have examined the nature of the basal lamella or the mechanisms 

involved in larval-sub::;trate adhesion. 

Sorne adult sponges mount a non-aggressive defense to foreign substances 

by depositi ng a collagen-l ike l amell a in the zone of contact between the 

sponge ('self') and other sponges or foreign material ('non-self') 

(Ephydatia fluvi,jtilis, Van de Vyver and De Vos, 1979; Verongia longissima, 

Kaye and Ortiz, 1981; Axinella verrucosa, ~ damicornis, Buscema and Van de 

Vyver,1983). The remarkable similarity in the responses to 'non-self' 

contact of two very different stages in the li fe history of sponges suggests 

that the mechansisms involved in larval-substrate interactions are analagous 

ta those which control the histoincomaptabi 1 Hy responses of adul t sponge 

tissue. There is a need for further ultrastructural studies on larval 

settlement and metamorphosis in other sponge species to provide more 

information on the detai ls of these processes. However, to determine the 

factors and elucidate '!le mechanisms regulating larval-substrate attachment, 

biochemical and experimental approaches to investigations of this process 

are urgently required. In turn, the results of such studies may also help 

provide an understanding of the mechanisms that lie at the basis of 

'sel f/non-sel f' recogniti on in sponges. 

The fate of the ciliated epithelial cells of parenchymella sponge 

larvae at settlement have been a tapie of contention for many years. Some 

workers suggest that these cells are exclusively larval structures, and at 

metamorphosis they are either shed or p~agocytosed (Meewis, 1939; Bergquist 

and Green, 1977; Bergquist and Glasgow, 1986). Others suggest that these 
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cells play a direct role in the development of the adult and, at settlement 

they lose their cilia and migrate into the central cell mass of the 

juveniles where they differentiate into choanocytes (Lévi, 1956; Borojevic 

and Lévi, 1965; Borojevic, 1966; Boury-Esnaul t, 1976). 

ln the present study, ultrastructural observations of free-swimming 

larvae and post-larvae revealed numerous small (ca. 4,um X 1.5}Jm) ciliated 

cells in the larval epithelium and fewer large (ca. lO-12,llm) cells in the 

pinacoderm and central cell mass of juveniles. If the ciliated cells of the 

l arvae were to dedifferenti ate and become components of the post-l arvae cell 

population they wou1d have to double in size and decrease their numbers in a 

re1ative1y short period of time. This seems highly unlikely without 

evidence of a marked increase in the phagocytic activity of these cells. 

Phagocytos;s was observed in post-larvae but not at a rate that would 

account for the incorporation of the larval epithelium. There were no 

recognizabl e cil iated cell s in the young metamorphosing sponges nor was 

there any evidence of choanocyte formation. Therefore a conti nuit y between 

these two cell types does not appear to existe Macroscopic observatlons 

revealed the rapid loss of ciliated ce1ls ear1y in the metamorphosis of 

1arvae (18 hours after sett1ement) and the presence of canal lacunae mlJch 

later in development (6 days fo1lowing settlement). This delay between the 

10ss of the larval epithe1ia1 layer and the initial appearance of the canal 

system in metamorphosing sponges also suggests that these ciliated cells are 

probably not involved in the formation of choanocytes which are an intcgral 

component of the canal system in adult sponges. 

One of the distinguishing characteristics of the larval epithelium in 

the sponges examined in this study is the presence of intrace1lular pigments 

concentrated in the ce1ls of this layer. If these e1ectron dense granules 
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could be used as a natural marker to follow the movements ('f the ci1iated 

cells then an inward migration of these cells should result in a 

concomittant shift in the local ization of pigments. However. 24 hours after 

settl ement there was a macroscopic and microscopic attenuation in 

pigmentation and, ultrastructural examinations revealed the presence of 

pigments within vacuoles of cells scattered throughout the metamorphosing 

sponges. These observations al so seem to suggest that the l arva 1 epithe1 ium 

is not incorporated into metamorphosing sponges and, sorne of the cll iated 

cell sare phagocytosed. The 1 atter might account for the random presence of 

pigments in the young sponges. 

Al though the present study did not specifically address the issue of 

the fate of cillated epithelial cells, the results reported here provide 

ev;dence to support the vi ew that these cell sare 1 arva l structures on1y and 

represent a terminal differentiation. The process by which the cil iated 

epithelium is lost is not known. Sorne of the cells are undoubtedly 

phagocytosed however, it is suggested that they are also shed into the 

surrounding medium. Clearly more studies are required to resolve the 

question of the fate of ciliated cells. A sequence of ultrastructural 

observations including initial larva1-substrate interactions and various 

stages of settlement prior to complete 10ss of the ci1iated cells may 

provide sorne answers. However, a resolution to the question will require a 

technique for specifically labelling these cells and subsequently following 

their behaviour during settlement and metamorphosis of post-1arvae. It is 

tempting to speculate on the function of the cells beyond that of locomotion 

and, to consider their involvement in larval release and substrate 

interactions. Future studies in this direction may elucidate the mechanisms 

invol ved in development and metamorphosis of parenchymell a 1 arvae. 
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LARYAL BEHAVIOUR: 

A variety of behavioural patterns (negative and positive phototaxis, 

negative and pos~tive geotaxis and gregariousness) and preferences for 

substrate type and orientation have been reported for sponge larvae. 

However, in most instances these patterns have been used in di scussion of 

systematics and evolution; few studies have attempted to relate larval 

behaviour to the ecology of adult populations (for rev;ews see Bergquist, ~ 

.!l, 1970 and Fell, 1974). It should be emphas;zed that larvai behaviour has 

only been studied in the laboratory and that responses in this artiflcial 

setting may differ somewhat from those in the natural environment. 

Most sponges produce swimming larvae wh;ch creep over the substrate 

prior to settlement. In the present study, the swimming phase of the larvae 

l asted for one to two days and indeed this is the case for most larvae 

(Cliona celata, Microciona prolifera, Warburton, 1966; Microc;ona prolifera, 

Simpson, 1968; Hal ic' ona eCbas-j2." Fell, 1969; Ophl itaspongia seriata, Fry, 

1971; Hamigera hamigera, Boury-Esnault, 1976; Chondrosia reniformis, Lévi 

and Lévi, 1976). However, swimming phases lasting as little as 3 or 4 hours 

have been reported (Microciona cocc;nea, Ophlitaspongia seriata, Bergquist, 

et !l, 1970). Sorne sponge larvae are benthic and creep over the substrate 

for 0 net 0 20 d a y s b e for e set t lin g (p 0 l ym as t i a rob us ta, Bor 0 j ev i c, 1967; 

Polymastia .granulosa, Bergquist, et .!l, 1970). These differences between 

pelagie and benthic larvae and the;r longevity may represent behaviours 

programmed to increase survival and effect habitat spec;alizat;ons in the 

adults. Attempts should be made to relate larval responses to adult 

situations. 

Phototactic behaviour of sponge larvae may be an important factor in 

determining the distribution of sessile adults. The larvae of a number of 
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sponges, including those examined in this study, are negatively phototactic, 

while others are postively phototactic and some show no phototaxis (for 

reviews see Bergquist, et .!.L, 1970 and Fell, 1974). However, these 

responses to l ight may also change just prior to settlement as was observed 

in the present study. It i5 posslble that the habitat of adult sponges is 

dependent, in part, on the phototactic behaviour of larvae. 

The type and orlentation of the substrate on which the larvae of this 

study settled appears to vary considerably even within a species. In 

general, l t appears that sponge l arvae show no preference for any speci fic 

substrate except perhaps for those of boring spol'ges which may require some 

form of crl careous material • ..!..!!. 51tu, l arvae have been reported to settl e 

on moll usc shell s, wood, rocks, concrete, al gae, sea grasses, gorgonians, 

corals and other sponges. Under laboratory conditions sponge larvae will 

al 50 attach ta glass, paraffin, agar and epon (for review see Fell, 1974). 

In the course of behavioural studies several authors have incidentally 

suggested that l arvae may aggregate during settl ement (Lévi, 1956, Hal i5arca 

dUJardini; Borojevic, 1967, Polymastia robusta). Specifie investigations 

on gregarious behaviour of settling larvae might provide infonnation on the 

mechanisms of habitat spec;alizations and insight into the distribution of 

ac1ul t popul ations. 

The b e h a v i 0 urs 0 f 5 po n gel a r v a e a pp e art 0 ber e lat ive 1 y c om p l e x and 

many other factors such as currents, turbidi ty, temperature and moon phases 

probably influence larval movement and settlement. Although larval 

behaviour is undoubtedly an important factor in effecting habitat 

special ization of adul t sponges, sel ective mortal ity and di fferential 

survival of larvae and juveniles are probably also important determinants; 

however, 1 ittl e is known concerning thes'" factors (Fel 1, 1974). 
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The negative phototaxis of the larvae of the sponges investigated in 

the present study could ensure proximity to benthic settlement surfaces and 

areas shdded by sea grasses and other sessile organisms. The lad of cl 

response to light during the short creeping phase could allow the larvde to 

attach to any available substrate instead of having to delay settlement 

unti1 contact with a specifie surface. The lack of a preference for 

substrate type and orientation by larvae in the laboratory i5 conslstent 

with the observations that the adult sponges are found attached to or in 

association with a var;ety of substrates including dead coral, gorgonlans, 

sea grasses, rocks and concrete. This nompecificity for substrate may be 

related to the basal 1amella which is formed at the time of settlement. 

This layer might function as a buffer to ensure that the larvae do not 

actually contact the substrate, thereby allowing nanselective settlement. 

The re1ative1y long swimming phase could allow for larval dispersal to areas 

sorne distance from the parent population. Indeed, thesp four commercial 

s po n 9 è S P e cie s h a v e b e e n fou n d i n sim i 1 a r hab i ta t s a 1 0 n 9 the co as t s 0 f 

Florida, the Bahamas, Cuba and in the deeper waters of the Gul f of Mexico 

(Dawson & Smith, 1953; Storr, 1964; Sweat & Stevely, 1981). Further 

investigations on the relationships between larval behaviour and adult 

habitat together with studies on the distribution and surviva1 of larvae and 

juveniles are required to gain an understanding of the ecology and biology 

of these sponges. It does appear, however, that specifie larval behaviours 

probably represent mechanisms of habitat speeialization and niche 

partitioning of adult populations. These in turn probably refleet the 

reproductive strategies adcpted by those populations. 

This study represents the first step in the analyses of specifie 

reproductive processes in Hipeospongia laehne, Spongia barbara, Spongia 
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cheiris and Spongia graminea. Together w;th a study on reproductive cycles 

and sper~atogenesis, already in progress, an understanding of sexual 

reproduction and development in these four commercial sponges may prove 

useful in future ecological and biological investigations of these 

economically important species. 
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CONCLUSIONS 

A combined light and transmission electron microscope study of 

Hippospongia lachne, Spongia barbara, S. cheiris and i:.. 2,ramlnea has 

outlined the process of oogenesis and larval deve10pment and metamorphosis 

in these commercial species. They are viviparous and probably 

gonochoristic. Gametes and embryos develop ;'1synchronously wlthln lOCill1Z(ld 

nurseries of endosomal tlssue. Presumptive oogonia dlfferentlate directly 

from archaeocytes and undergo a single oogonlal division ta produce prlmary 

oocytes. Theseoocytes autosynthesize yolk and lipid utlllz1ng soluble 

substances acquired through pinocytosis and/or diffuslon and then undergo 

meiosis, producing four secondary oocytes. Presumed male and femil1e 

pronucl ei found in secondary oocytes suggests that ferti l izatlon o<..curs 

after meiosi sand before the major' growth of zygotes. 

Archaeocytes move from the adult mesohyl and form (lxtensive l ayers 

of nurse cell s around growing zygotes which lncrease ln size through 

transfer of nutrients via cytop1asmic bridges and phagocytosis of nurse 

cells. Cleavage is total and equal, and during thlS process umbllicl are 

formed between the embryo and nurse ce11 1 ayers. These apparently function 

as the pat hw a y b y wh i c h mat e r na 1 , nt e r cel 1 u 1 ars ym b i 0 tic bac te rl il are 

extracel1ularly transferred to progeny. At the end of c1eavo'je blastorneres 

differentiate, resulting in the development of a pigmented parcnchymella 

larva with a ciliated epithelium and a mass of internal cells and syrnbiotlc 

bacteria. 

The ciliated free-swimming larvae possess a ring of cells bearing long 

flagella which aids in directional sw;mming with constant lateral rotation • 

The ciliated cells of the epithelium are probably lafva1 structures on1y and 
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represent a terminal differentiation. The larvae demonstrated negative 

phototaxis until shortly before they entered a creeping phase during which 

time they showed no part;cular taxis ta light. There is no evidence for 

substrate selection or orientation. Larval behaviour probably reflects the 

eco1ogical situations of adult populations. Settlement of larvae occurred 

26-56 hours after release and attachment co the substrate involved the rapid 

formation of a basal lamella. This layer may function as a buffer to ensure 

that the 1 arva 1 cell s do not actuall y contact the substrate, thereby 

all oWlng nonselective settl ement. Precoc;ous development of choanocytes was 

not observed in ultrastructural examinations of free-swimming larvae or 

young metamorphosing sponges. 
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ABSTRACT 

The reproductive cycles of four Caribbean coomercial sponge species, 

Hippospongia lachne, Spongia barbara., ~ cheiris and ~ graminea were 

determined. Spermatogenesis in these species was studied using light and 

transmi ssion el ectron microscopy. The production of mal e gametes occurs in 

cysts wlthln the endosomal tissue of mature specimens. Reproductive 

elements vlithin an individual cyst develop synchronously while development 

between cysts l s asynchronous. All avai 1 abl e eVldence suggests that these 

s pee i e s are d i 0 e cio us. S p e r mat 0 9 0 nia d i f fer en t i a t e d ire c t 1 y f rom 

choanocytes 22! situ. All cell s of the chamber 1 ose their co~ 1 ars and 

fl agell a and undergo mitosi 5 to produce prlmary spermatocytes each 

possessl n9 a S1 n91 e fl agel1 ume The rati 0 of nue 1 eus to \.ell di ameter in 

these cell sis almost doubl e that for choanocytes. Primary spermatocytes 

undergo meiosis ta produce four spermatids. The final stage in the process 

of spermatogenesis is the differentlation of spermatozoa which do not 

possess 1 ntermedi ate segments or ac. rosomes. Ma 1 e gametes di spl ayed a b right 

yellDw-\',hite autofl uorescence wh en excited with bl ue 1 i ght (460-485 nm). 
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INTRODUCTION 

Members of the genera Spongia Linnaeus, 1759 and Hippospongia Schul ze, 

1879 (Dictyoceratida) include all of the commercial ly important bath sponges 

of the Cari bbean (ca. 7sPP.) and Medi terranean/Red Sea (ca. 3sPP.) 

fisheries. Most of the available 1 iterature on commercial spongE' species 

deals with gross morphology and fisheries aspects. Few investigations have 

focused on the biology and ecology of these once extrt!mely valuable economie 

eommodi ties. Littl e i5 known r2garding their reproduction, embryology, 

and larval development and metamorphosis. 

Sexual reproduction in the Porifera is a well documented phenomenon, 

although the processes vary considerably from speeies to species. Most 

sponges reproduee seasonally during a specifie t,me of year. However, there 

is great variabi1it.y in the onset and duration of the reproductive period 

( for r ev i ew se e Fe 1 l, 1974, 1983; Re i s w i g, 1983). Se ver a l fa c t 0 r s ca n 

aceount for this variation: 1) the specifie gametogenic process under 

investigation (oogenesis vs. spermatogenesis); 2) the sex phenotype 

(dioeeious vs. hermaphroditic) of the speries; 3) whether egg5 and embryo5 

are broadcast or brooded (oviparous vs. vivlparou5); 4) exogenous and 

endogenous factors affeeting gametogenesis; and 5) asynchrony within 

individuals and within populations in the reproductive proce5S. These 

factors coupled with the lack of localized discrete gonads in sponges and 

the limited size of local populations hr repetitive.sampling have rr.sultcd 

in few comtJl'ehensive studies on the reproductive biology of any sponge. 

Al though recent and extens ive l i terature rev i ews ha v e repo rted nurne rous 

studies dealing with sexual reproduction in sponges (Fe", 1983; Reisw;g, 

1983; Simpson, 1984), there are relatively few studies on reproductive 
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proeesses in the dictyoceratids (Tulet & Payans de Ceceatty, 1958; Liaci, et 

.!l,1971). Much of what is known about these processes has been inferred 

from gross structural observations in the course of general studies on 

reproduction. The use of the electron microscope has provided more 

detailed information on specifie events during reproductive pracesses in 

sponges. However, there is on1y one u1 trastructura1 study that has 

lnvestigated spermatogenesis in the dictyoceratids (Gaino, et !l, 1984). 

The process of spermatogenesis involves the differentiation of 

spermatogonia, the formation of spermatie cysts and the development of 

mature spermatozoa. Available data eoneerning the origin of spermatogonia 

in sponges suggests that these elements may derive from ehoanocytes (Tuzet 

and Pavans de Ceccatty, 1958; Tuzet and Paris, 1964; Tuzet, ~.!l, 1970; 

Diaz, et.!.l., 1973; Vacelet, 1979; Diaz and Connes, 1980; Gaino, et al, 1984; 

Gaino, ~~, 1986; Efre,nova, rt.!l, 1987) or amoeboid cells of the mesohyl 

(Gatenby, 1920; Fincher, 1940; Leveaux, 1942; Lévi, 1956). To date, 

ul trastructural studies (ruzet, !!..!l, 1970; Diaz and Connes, 1980; Gaino, 

~ 2..l, 1984; Gaina, rt 2.1, 1986; Efremova, et !l, 1987) have supported the 

view that male reproductive elements derive from choanocytes, however an 

amoebocyte (archaeocyte) origin of spermatogoni a shoul d not be di scounted 

without reinvestigation. Fell (1974) has suggested that differentiation of 

spermatozoa within individual sponges may followone of three patterns: 1) 

synchronously in all spermatie cysts of a specimen, or 2) synchronously only 

within a si ngle spermatie cyst of an individual, or 3) asychronously within 

and between cysts of the sponge. 

The present s tudy was underta ken a sas econd s tep in t he ana lyses 0 f 

specifie reproductive processes in four species of Caribbean commercial 

sponges: Hippospongia lachne, Spongia barbara, Spongia cheiris and Spongia 
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grami nea. The fo 11 owi ng aspects of thei r reproducti on are addressed here: 

reproductive cycles and spennatogenesis. Prev;ous investigations focused 

on oogenesis, embryonic and larval development, transfer of bacterial 

symbionts, and larval morphology, behaviour, settlement and metamorphosis in 

these four spec;es (Chapter 2). 

Light and transmission electron microscope studies have been employcd 

to hel p el ucidate the process of spermatogenesis in these economical1 y 

important members of the phyl um Pori fera. 
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MATERIALS AND METHODS 

Sponges: 

Four Caribbean commercial sponge species: Hippospongia lachne de 

Laubenfels, 1936, Spongia barbara Duchassaing & Michelotti, 1864, Spongia 

cheiris de Laubenfels 8. Storr, 195B, and Spongia graminea Hyatt, 1877 were 

investigated. These rounded, black to dark grey demosponges are common 

members of the fauna of Biscayne Bay, Florida. This shallow bay (average 

de p t h 2.5 m) ha sin t e rm i t t e n t p e rio d s 0 f tu r b u l en c e rel a te d t 0 se as 0 na l 

weather conditions. The coll ection site (25°38 I N; 8D012 1 W) is characterized 

bya coarse sandy bottom with extensive areas covel'ed in eel and turtle 

grasses, small scattered coral s, gorgonians and other sponge species. 

A total of 177 specimens were collected over a three year period 

( 0 e c e m ber 3, 1 9 8 1; F e bru a r y 1 2, 1 9 8 2; J une 2 7, 1 9 8 2; Sep t em ber l, 1 9 8 2 ; 

January 18, 1983; May 23, 1983; August 24, 1983) and analyzed histologically 

for reproductive activity. Water temperature and salinity data were 

recorded duri ng the co 11 ect i on peri ods. Sa 1 in i ty wa s meas ured to the 

nearest 0.1%0 in the field with a Yellow Springs Inc. salinity and 

tcmperature meter, and temperature was measured to the neHest D.loe with 

the same instrument. 

~~m~ling and Preparation of Specimens for Microscopy: 

Using SCUBA, endosomal tissue samples were removed in ll!.!! from 

specimens ot the four sponge species (located at a depth of 1 to 1.5 m) 

using a large filet knife. Large triangular sections (ca. 60 mm on each 

slde) were remov2d from the lower two-thirds of the individuals. A smaller 

tissue sample (ca. 20 mm 3) was cut from that portion of the triangle that 

had come from the central region of the sponge. This procedure was employed 
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to insure that, if the sponge was reproductively active, tissue samples 

coll ected woul d contai n reproductive el ements. Thi s small er sampl e was then 

fixed in situ by placing the tissue in a syringe, egressing the ambient 

seawater and i ngressi ng 2.5% 91 utara1 dehyde in seawater (fixati velo After 

returning to the 1aboratory, samp1es were p1aced in vials of fresh fixativE' 

for 16 hours, and then rinsed in three changes of fresh seawater for 10 mln 

each. A small er sub-sampl e (ca. 5mm3) fram each spec lmen wa s post-flXed for 

one hour in 1% osmium tetroxide in seawater, dehydra~ed in an alcohol 

series, cleared in propylene oxide, and embedded in Spurr epoxy reSln. The 

remaining fixed tissue from each speclmen was dehydrated in an alcohol 

series, cl eared in xyl ene, and embedded in paraffine 

Microscopy: 

Epoxy blocks were sectioned on a Sorva 11 'Porter-Bl um' MT-2B 

ultramicrotome at 1J.1m (glass knlfe) and O.lt.1m (diamond knlfe). Spmi-thln 

sections were mounted on glass slides and stained for 1 min at 60°C vllth a 

mixture (equal parts by volume) of methylene blue (1% in 1% Na-borate 

sol ut ion) and a z ure l 1 (1 % i n d; st i 1 l e d wa ter) • U 1 t rat h i n sec t ion c:; vi e r e 

f10ated onto formvar and carbon coated si ng1 e-sl ot copper grids and stawed 

for 20 min in saturated aqueous urany1 acetate and for 15 mi n ln 1 ead 

citrate. Sections were vievled and photographed with a PhillpS 410 

transmission electron microscope operating at 80 kV. Paraffln blocks 'vIere 

sectioned at 10~m, and the sections were mounted on glass 511des and stalned 

with hematoxyl in-eosin. Sections were viewed, and measurements of 

reproductive el ements recorded under a compound microscope with an ocul ar 

micrometer accu rate to O.5}Jm. Light micrographs were taken on a Zeiss 

photomi croscope. 
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Fluorescence Microscopy: 

Sta i ned secti ons were al so exami ned for autofl uorescence wi th a Ni kon 

LABO PHOT compound photomicroscope equipped for bright field and- fluorescence 

microscopy. An HBO lOOW/2 high pressure mercury 1 amp suppl ied the incident

light source, a Nikon 82 excitation filter provided blue light with 

wavelengths between 460-485 nm, a 520W barrier fil ter blocked out all light 

with wavelengths of 520 nm or greater, and the dichroic mirror split the 

1 ight beam at. 510 nm. Photographs were taken with Kodak 100ASA technical 

film and Ko"'ak 400ASA T -Max film. 

Data Collection and Analyses of Reproductive Elements: 

All specimens of the four sponge species undergoing spermatogenesis 

were i nv esti gated. Measurements of cell di ameter, nuc l eus di ameter and 

spermatogenic cyst diameter of each stage in the development of sperm cells 

were analyzed using the Statistical Analysis System (SAS) software computer 

package at McGill University (Ray, 1985). Measurements of cyst diameters 

were recorded wh il e vi ewi ng sect ions under the compound mi croscope. Ce 11 

diameter and nucleus diameter were measured from transmission electron 

micrographs. Measurements were recorded as the maximum diameter measurement 

from serial sections when the same element could be followed in serial 

sections. The data coll ected were tested for the assumptions of normal ity 

(Univariate analysis) and homogeneity of variance (Bartlett's test). Since 

there was no violation of either assumption a parametric ANOVA (GLM for 

unbal anced data; Ray, 1985) was used ta test the null hypothesis; Ho: there 

are no differences in parameter (x) between specimens of the same species, 

aga;nst an al ternate, Hl: there are differences in parameter (x) between 

specimens of the same species. This same procedure was used to test the 
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null hypothesis; Ho: there are no differences in parameter (x) between 

sponge species, against an alternate Hl: there are differences in paramet.er 

(x) between sponge species. Where the ANOVA rejected the null hypothesis, 

the Tukey mul tipl e means comparison test (at P=O.05 l evel) was used ta 

determine between which of the specimens and/or species significant 

differences occurred. The Tukey test was chosen because it is a 

conservative test in that it is more likely ta find no statistical 

differences between the multiple means being compared and tested (Zar, 

1984) • 
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OBSERVATIONS AND RESULTS 

Sexual Differentiatian: 

All of the samples collected (177) contained either male (5%), female 

(23%) or no (72%) reproducti ve el ements. It was not possible ta 

consecutively sample all of the same individuals during thethreeyear 

study peri ode However, between the consecut ive sampl i ng dates of Oecember 

1981 and September 1982 several of the sponge specimens were examined in 

more than one collection period (Table 1). Nineteen individuals were 

sampled twice over a two to three month period and one individual was 

sampled three times over a six month interval. One individual of Spongia 

cheiris which was in the process of oogenesis in June 1982 was not 

reproductively active when sampled in September 1982; and one individual of 

s. barbara which was not reproductively active in December 1981 was in 

the process of spermatogenesis in February 1982 and that same individual was 

not reproductively active when sampled in June 1982. All other individual s 

were in the same reproductive/non-reproductive condition during the second 

sarnpling as they had been when they were first sampled. Maleand female 

reproductive elements were never observed in the same specimen. 

These observations strongly suggest that these four sponge species are 

dioecious (gonochoric), although successive hermdphroditism cannot be ruled 

out as all of the individuals were not sampled consecutivelyduring the 

three year study. Clearly, such a regul ar sampl ing programme ;s necessary 

before any definitive conclusions on sexual di fferentiation can be made. 

Reproductive Cycles: 

Figure 1 is an histogram of the percentage of individuals, of each 

species, containi ng either mal e, femal e or no reproductive el ements on each 
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TABLE 1: Reproductive status of consecutively sampled individuals of four 
sponge sped es. 

f= female; m= male; n.r= not reproductively active 

SPONGE SPECIES 

DATE H. lachne S. barbara s. cheiris 

f m n.r f m n.r f m r.. r 

Dec. 1981 5 1 2 4 

l l Il l 
Feb. 1982 5 1 1 1 4 

\ 
June 1982 1 1 

~ 
Sept. 1982 1 

~gra.inea 

f m n.r 

4 

l 
4 

2 

! 
2 



FIGURE 1: Histogram of the percentage of individuals of each species 
con t a i n i n 9 e i the r mal e, f em ale 0 r no r e pro duc t ; v e 
el ements on each collection date. Sal inity and 
temperature have been plotted. The numbers recorded at 
the top of the bars indicate the tota 1 number of specimens 
of each species analyzed on each of the collection dates. 

~ male 
~ 
~female Ono reproductive elements 

Hippospongia lachne 0 Spong; a grami nea 

Spongi a che i ri s 0 Spongia barbara 

-
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collection date over the three year study period (December 1981 - August 

1984). The results indicate that h barbara was reproductively active 

throughout the study periode However, the other three species demonstrated 

a distinct cycle of reproductive activity which occurred between: May and 

June for Hippospongia lachne, May and September for ~ graminea and, June 

and Augus-.: for h cheiris. The data show that, during the reproductive 

seasons, there were always some individuals within the populations of each 

of the species that were not reproductively active and, there was also a 

greater percentage of females of all four species than there was males. 

With the exception of ~ barbara in June 1982, male individuals of the four 

sponge species were always observed in the presence of female individuals. 

However, femal e members of all four species were observed in the absence of 

ma 1 e members. 

The reproductive period of ~ lachne, S. graminea and S. cheiris 

coincided with an increase in water temperatures. None of the three species 

were reproductively active at temperatures below 25°C, and all three were 

acti ve at temperatures between 25°C and 29°C. However, at temperatures 

above 29°C H. lachne was not reproductively active whereas ~ graminea and 

S. cheiris were active. In the case of ~ barbara, there appears to be no 

relationship between water temperatures and gametogenesis. Reproductively 

active members of this species were found throughout the study per;od when 

temperatures ranged from a low of 17.2°C to a high of 29.7°C. 

There appears to be no relationship between reproductive activity and 

salinity in any of the four sponge species. 

Data Analyses of Reproductive Elements: 

The results of the ANOVA on the measurement data showed no significant 
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differences (P>O.05) when camparisons were made between specimens of the 

same species. Therefore, the three specimens of ~ graminea are assumed to 

come from populations having identical means and the three specimens of i~ 

barbara are also assumed ta come from populations having identical means. 

Data from the specimens of each species were pooled for further statistical 

analyses on differences between species. Only one specimen of each of 

.!!:.. lachne and i:. cheiris was available, therefore between specimen 

comparisons could not be made for these two species. 

The results of the ANOVA (GLM) also indicated no significant 

differences (P > 0.05) when comparisons were made between ~pecies. 

Therefore, the fou..- sponge species are assumed to come from popul ations 

having identical means. Table 2 provides a summary of the parameters 

measured and other morphological characteristics for each stage in the 

development of sperm cells in the sponges investigated. The description 

that follows is based on these parameters and applies to all four species. 

The sequence of events in spennatogenesis reported here, is inferrcd 

from l inking together static images clearly or very nearly identical to one 

another in series. The processes are described as active for convenience. 

Microscopy: 

The production of male gametes occurs in cysts within the endosome of 

mature specimens. The spermatie cysts are formed during the reproductive 

season when groups of cells in various stages of spermatogenesis are 

surrounded by a single, thin layer of flattened cells. The cel ls within an 

indiv;dua1 cyst are synchronized in their developfT1ent however, development 

between cysts is asynchronous. Clusters of cysts at various stages of 

differentiation are localized in central tissues of the sponges (Fig.2a). 
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TABLE 2: Morphological characteristics of the stages in the process of spenlltogenes1s. 

Hli number of observat f ons; t- mean + standa rd deviat ; on 

STAGES IN SPERMAT06EHESIS 
.PHOLOGICAl. 
CHARACTERISTIC spelWltogoniww pri_rJ secondarJ spef'llllt id 

spel'llltocyte spet'lliltocyte 

cell d;ameter 3.S-6.1 3.5-S.0 1.7-2.1 1.5-1.9 
(~m) H=12 H-23 H"17 N=lS 

X-S .03 +0.21 X:a4.14 +O.SS X':-1.98 +0.10 X=1.68 +0.13 

shape Oyold to spherical; sperieal; ovold; 
spherical; no single single single 
fI agellum fI age11um f1 age11um f1 agellum 

cytoplasm dense dense; many dense; many v es; el es; 
mitoehondrll mltoehondria; ml toehondri a; 

glycogen glycogen 

nucleus 3.1-3.S 2.5-3.S 1.0-1.4 0.8-1.1 
(diameter ln }lm) H-U H-23 Na17 N=14 

'X-3.21 +0.17 ia3.00 +0.39 X-1.18 :,0.10 X-0.98 +0.13 
nue 1 eo lated dispersëd dense electron 

ehromatin dense 
fi 1 aments centre 

ratio of cell to H-U H-23 N-17 N=14 
nucleus diameter 'X-1.55 +O.OS j-1.39 +0.09 X=1.68 +0.10 i:a1.73 +0.16 

cyst 23-36 36-45 45-70 60-78 
(di ameter in }lm) N-80 N .. 80 Na80 N-18 

i-31.33+3.15 i-43 .09+3 .S2 i .. S5 .64+S .60 i-67.33+4.S4 
surrounaed by surrounaed by surrounaed by surrounaed by 
folllele fo 11 i cl e fol1iele folllcle 



FIGURE 2: 

a} light micrograph of sperm cysts in eneJosomal tissue of S. barbara. 
Note the synchronous development of cell s withi n each cyst. 
1, primary spennatocyst; 2, cyst containing spermatids. 

b) Electron micrograph showing typical choanocytes in endosomal 
tissue of S. lraminea. Note the presence of symbiotic bacteria (b) 
and collagen ibrils (cf) in the mesohyl surrounding the cells. 
Choanocytes possess a single flagellum (f) directed toward the 
lumen of the chamber (on the right hand side), a basal 
anucleolate nucleus (n), pseudopodial processes (p) extending 
; nto the mesohyl and ves i cul a r cytopl asm conta i ni ng phagosomes 
(ph). 

c) Electron micrograph of differentiating spermatogonia within a cyst 
in the endosomal tissue of S. graminea. Symbiotic bacteria (b) 
are present in the mesohyl-and a thin layer of flattened, 
pinacocyte-like follicle cells (fc) surround the germ cells. 
The spermatogonia possess a nucleolate nucleus (n) and dense 
cytoplasm containing mitochondria and various other inclusions. 
Arrowhead indicates the sloughing of cytoplasm and phagosomes at 
the base of cells. 

d) El ectron micrograph of a spennatogonium of S. barbara in the 
metaphase stage of mitosis. Arrowhead indicates condensed 
chromosomes arranged at the equator of the cell. 
INSET: El ectron micrograph of S. barbara in interphase contalning 
a nucl eol ate nucl eus (n) aiid dense' cytopl asm containing 
mitochondria (m). 

) 

) 
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Normal somatic tissues in the immediate vicinity of the cysts are disrupted 

with an observed decrease in cell numbers, flagellated chambers and 

symbiotic bacteria. Endosomal tissue in peripheral areas and the ectosomal 

tissue remain undisturbed. 

Light and transmission electron microscopie analyses of specimens of 

~ lachne, ~ barbara, ~ cheiris and ~ graminea undergolng spermatogenesis 

suggest that presumptive spermatogonia differentiate directly from 

choanocytes...i!! situ. Choanocytes are triangular in shape measuring dbout 

3}Jm by 5)Jm in cross-section (Fig. 2b). They possess an anucleolate nucleus 

(ca. 2)Jm) located in the basal region of the cell (towards the mesohy1). 

Pseudopodial processes were often observed extending from the bases of the 

cells into the surrounding mesohy1 which contains co11agen fibrils and 

symbiotic bacteria. A single flagellum arises from the apical region of the 

cell (towards the lumen of l.he choanocyte chamber) and is encircled by a 

microvi 11 us coll are The vesicul ar cytop1 asm contains many phagosomes. 

The differentiation of choanocytes into spermatogonia involves: loss of 

coll ars and fl é'gel1 a, migration of the nuc1 eus i nto the apical region of 

cell s, a sloughing of cytoplasm and phagosomes at the base of cells and, the 

migration of cells into the lumen of the chamber (Fig. 2c). These cells 

become more or less ovoid or spherical in form and measure about 5).lm in 

diameter. They contain a distinct nucleolate nucleus (ca. 3.5 )Jm) and dense 

cytoplasm with mitochondria and various other inclusions (Fig. 2d, insH). 

The spermatogonia are delineated by a single layer of flattened pina(ocyte-

1 He foll ieul ar cell s. This 1 imiting layer of cell sis not present around 

choanocyte chambers prior to their transformation into spermatogonial cysts, 

but persists throughout the stages in the develorment of sperm cells. The 

germ cells undergo mitosis before differentiation ta primary spermatocytes 
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(Fig. 2d). 

These primary spermatocytes are spherical, about 4pm in diameter, ~nd 

contain a distinctly enlarged n~c'Ieus (ca. 3pm) and dense cytoplasm with 

many small mitochondria (Fig.3a). The ratio of nucleus to cell diameter is 

almost double that for choanocytes. Primary spermatocytes are distinguished 

by the presence of a single flagellum and chromatin in the form of thread

like structures. A thickening of the chromatin filaments causes the 

formation of electron dense chromosomal masses. 

Figure 3b shows two secondary spermatocytes which are bel ieved to be 

derived from telophase 1 of the maturation divisions of a primary 

spermatocyte. Secondary spermatocytes are 2 j,lm in di ameter and possess a 

nucleus (ca. 1 ~m) and a single flagei lum. The cytoplasm, similar to that 

of the primary spermatocyte, is dense and contains mitochondria and 

glycogen. These cell sare often connected by cytopl asmic bridges. 

Tetrads of cells were frequently observed in a chain formation within 

spermatogenic cysts. Figure 3c shows a typical arrangement of these four 

cells which are believed to be spermatids derived from the final phase 

(telophase II) of the maturation divisions. This observation together with 

the di sti nc t change in the nature of the chromati n in prima ry spermatocytes, 

dnd the measured decrease in cell and nuel eus size suggests that meiosis 

does occur in the development of sperm in these four species. 

Sper'l1atids are somewhat small er than secondary spermatocytes, measuring 

about 1.7)lm in di ameter. They possess a s 1 i ght 1 y compressed nucl eus 

(ca. 1 ).lm) of condensed chromatin and a region of highly electron dense 

granules. The nuclear membrane cannot be clearly distinguished. The 

cytopl as'll containo; many vesicl es, a few 1 arge oval-shaped mitochondria and 

glycogen. A single flagellum extends from one of a pair of centrioles 



FIGURE 3: 

a) El ectron micrograph of primary spermatocytes wi thi n a cyst in the 
endosomal tissue of ~ graminea. Symbiotic bacteria (b) are 
present ; n the mesohyl and a 1 ayer of fo 11 ; c 1 e ce 11 s (fl) surround 
the reproductive el ements. Primary s pe rmatocytes possess an 
enlarged nucleus (n) and dense cytoplasm with many, small 
mitochondria (m). The lumen of the cyst;s towards the top of the 
micrograph. 

b) El ectron micrograph of two secondary spermatocytes of S. barbara 
derived from telophase lof the maturation divisions of a primary 
spermatocyte. Secondary spermatocytes pos sess a nuc l eus (n), a 
single flagellum (f) arising from one of a pair of centrio1es, and 
dense cytoplasm containing mitochondria (m) and golgi bodies (g). 
These cells are connected by cytoplasmic bridges (cb) probably 
resulting from incomplete cytokinesis. 

c) El ectron micrograph of spermatids within a Cy5t in the ellliosomal 
tissue of H. lachne. Arrow indicates tetrads of cells (in chain 
formation) bel ieved to be spermatids derived from te10phase II of 
the maturation divisions. 
INSET: Electron micrograph of a spermatid of H. lachne containing 
a 51 ight1y compressed nucleus (n) ""ith a regionof highly electron 
dense granul es (arrowhead), mitochondri a (m) and a si ng 1 e 
fl agell um ari si ng from one of a pa i r of centrio1 es (c). 

d) Electron micrograph of a spermatozoan of S. cheiris containing a 
kidney-shaped nucleus (n), large mitochondria (m) and a single 
fl agell um. 

e) Light micrograph of a cyst containing spermatozoa 
tissue of S. barbara. The cyst is surrounded by 
(fc) and theflagella (f) of the male gametes are 
the centre of the cyst. 

in the endosomal 
follicle cells 

oriented towards 
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pos;tioned close to the nucleus and opposite the mHochondria (Fig. 3e, 

i nset). These eell S often remain eonneeted to one another by cytopl asmi c 

bridges. 

The fin a 1 st age i n the de v el 0 pm en t 0 f mal e g a met e sis the 

differentiation of a spermatozoan. This eell possesses a slightly elongated 

head anda single flagellum. The head, about 1.8}Jm long and 1.4,um wide in 

maximum di ameter, contains an el ectron dense k idney-shdped nue' eus (ca. 

1 ).lm) on one s ide and mi toehondria and g1 ycogen on the other (Fig. 3d). No 

acrosome or intermediate segment is observed in any of the sperm cells 

examined. The flagellum arises from one of a pair of centrioles close to 

the nue l eus and extends l atero-posteri orl y from the head. Spermatozoa are 

oriented with their flagella direeted towards the centre of the cyst 

(Fig.3e). 

During the proeess of spermatogenesis the cell s of the foll iel e layer 

become more and more elongate as the spermatie cysts progressively increase 

in size from 25).1m to 75 )Jm. Fusion of cysts was not observed in any of the 

specimens examined. 

Stained sections of specimens undergoing spermatogenesis were examined 

with fl uorescence mi c roscopy. The tissues autofl uoresced an opaque ye l' ow-

white when excHed wi th bl ue l ight (460-485 nm). After the fiel d of view 

was quenched for one minute, spongin fibres and the cytoplasm of sperm cel 15 

displayed a translucent yellow-white autofluorescence (Fig. 4b). Ouring the 

study of oogenesis in these same four sponge species (Chapter 2) secondary 

oocytes considered to be in the process of ferti1 ization were a150 examined 

with fl uoreseence microscopy. The cytopl asm of the oocyte exhibl ted low 

levels of fluorescence, one of the two nuclei was no longer visible and the 

other nucleus displayed a bright yellow-white autofluoreseence simi'ar to 



FIGURE 4: 

a) Light micrograph of a secondary spermatocyst 
tissue of H. 1 achne. The cyst i s surrounded 
follicle celrs (fl). Transmitted light. 

in the 
by a 

endosomal 
1 ayer of 

b) Same as a). Fluorescent light. Note the bright yellow-white 
autafl uorescence di spl ayed by the secondary spennatocytes when 
excited with blue light (460-485 nm). 
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{ that of the sperm cells in the present study (see Chapter 2, Fig. 3f). 

( 
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DISCUSSION 

There have been relatively few detailed investigations of 

spermatogenesis in the Porifera (Reiswig, 1983). Many accounts of this 

process are part of more general descriptive studies on reproduction. The 

present study focused on reproductive cycles and spermatogenesis in four 

species of Caribbean commercial sponges. The investigation involved 

detailed light and transmission electron microscopie examinations of 

spermatogenic elements in Hippospongia laehne, Spongia barbara, i:.. cheiris 

and h graminea. Morphologieal characteristics and dimenslons of these 

elements were recorded and the dynamics of spermatogenesis has been 

described. An earlier investigation outlined the details of: oogenesis, the 

transfer of bacterial symbionts from one generation to the next, and larval 

development and metamorphosis in the same four species. 

Recent and extensive reviews on reproduction in sponges indicate a 

great variability in sexual differentiation among demosponges (Fell, 1983; 

Reiswig, 1983; Simpson, 1984), but from the variability two consistent 

patterns emerge. Demosponges that broadcast eggs or ~nbryos (oviparous) are 

generally dioecious (gonochoristic) and those that brood embryos and l arvae 

(viviparous) are generally hermaphroditic. Within the ceractinomorphs, and 

especially among the dictyoceratids, Ifiviparity with gonochorism is 

eonsidered to be an exception. A previous investigation on oogenesis in the 

same four sponge species examined in the present study establ ished that 

these sponges are Ifiviparous (Chapter 2). All alfailable evidence from both 

studies suggests that these species are dioecious. However, increasing 

evidence of sex reversal and a high degree of interspeci fic variabil i ty in 

sexual di fferentiation among sponges (Fel 1, 1970; Diaz, 1973; Van de Vyver 
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and Willenz, 1975; Elvin, 1976; Gilbert and Simpson~ 1976; Fell and Jacob, 

1979) suggests that intrinsic interactions between genetic and/or 

en vi ronmenta 1 factors may determi ne sexua l di fferences. Therefore, 

successive hermaphroditism in these four species cannot be ruled out. 

Further investigations of sponge populations over an extended period of 

time and under different environmental regimes are required to gain a better 

understanding of the process of sexual differentiation. 

Most sponges have a repetitive seasonal reproductive period with oocyte 

and spermatozoan differentiation occurring in asynchronous cycles once a 

year. Generally, sexual reproduction is more prevalent in the warm summer 

months but there are species that reproduce in late autumn or early winter 

and, there are sorne species that produce gametes all year (for review see 

Simpson, 1984). 

Li ttl e i 5 known concerni ng the tempora l aspects of gametogenesi s. In 

sorne oviparous species, spermatogenesis and/or oogenesis may be precisely 

synchronized within individuals or throughout local populations. In such 

cas est he t i mec 0 urs e 0 f the sep roc e s ses c a n b e est i mat e d • 1 n Pol ym as t i a 

mammi11aris (Sar~, 1961), Axinella damicornis and A. verrucosa (Siribe1li, 

1962) spermatogenesis is highly synchronized within individuals and 

popul ations, and differentiation of spermatozoa from primary spermatocytes 

occurs over a two week periode It appears that the process of oogenesis 

often occurs earl ier in the reproductive cycle and over a longer period of 

time. In A. damicornis and fu. verrucosa (Siribel1 i, 1962) differentiation 

of oocytes occurs over several months and, on1y after the fema1e gametes are 

fully developed do male specimens begin the process of spermatogenesis. 

This pattern of gamete production in oviparous sponges appears to be an 

efficient method of ensuring reproductive success. In the four species 
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investigated in this study, and many other viviparous demosponges, 

spenmatogenesis and oogenesis are asynchronous within individuals and within 

popul ations. Gametes are produced continuously during the reproductive 

period and not all individuals in a population are involved in 

gametogenesis. Therefore, it becomes extremely difficult to estimate the 

time span for these processes (Fel l, 1974). 

There is a lack of information concerning the factors that influence 

gametogenesis. However, for those species that exhibit repetitlve seasonal 

reproductive periods, it seems likely that exogenous factors play an 

important role in control l ing these processes. In a number of case!. it 

appears that water temperature may have a direct effect on the development 

of gametes (Microciona prol ifera, Simpson, 1968; Suberites massa, Diaz, 

1973; Haliclona loosanoffi, Fell, 1976). In a study on Hippospongia lachne 

(Storr, 1964) the production of female reproductive elements was followed at 

monthly intervals in three different local Hies and, the occurrence of peaks 

in oocyte and embryo production was correlated with water temperature. The 

grea tes t proport; on of s pec ;mens conta; n i ng gametes wa s found when the water 

tempe rature was between 23°C and 29°C. Results of the present study support 

the suggestion that water temperature may play an important role in 

maintaining and/or inHiating gametogenesis in H. lachne. The data of this 

study also suggests water temperature as a possible factor in sexual 

reproduction of Spongia cheiris and ~ graminea. Reproductive speclmens of 

these three species were never obscrved at temperatures below 25°C. 

However, water temperature does not appear to directly influence 

gametogenesis in 1:.. barbara which produces gametes all year when 

tempera tures as low as 17°C were recorded. 

While exogenous factors may play an important role in reproductive 
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activity, endogenous factors have also been suggested as regulators of 

gametogenesis in sponges. Changes in metabolic state have been associated 

with reproductive condition in Hymeniacidon perlell (Stone, 1970) and 

Haliclona permollis (Elvin, 1979). Overwintering in gemmules is a necessary 

prerequisite to sexual reproduction the foll owing spring in Spongi1la 

lacustris (Simpson and Gilbert, 1974), Ephydatia fluviatilis (Van de Vyver 

and Wi1lenz, 1975) and Haliclona loosanoffi (Fel 1, 1976). It is probably a 

combi na t ion of exogenous and endogenous factors that control reproduc ti on. 

However, to determine the specific factors and elucidate the mechanisms 

regulating reproductive processes, biochemical and experimental approaches 

to investigations of these processes are urgently required. 

Sponges 1 ack local ized discrete reproductive organs and in most 

individuals large areas of mesohyl are involved in reproduction. The 

production of male gametes OCCJrs in spermatie cysts which are formed during 

the reproductive season when groups of eell s in various stages of 

spermatogenesis are surrounded by a single, thin layer of flattened cells. 

The general pattern of spermatogenesis in the four sponge species 

investigated in the present study is similar to that reported for other 

viviparous demosponges (Hippospongia communis, Tuzet and Payans de Ceccatty, 

1958; Aelysilla rosea, Tuzet, et.!l, 1970; Spongia officinalis, Gaino, 

rt~, 1984). 

Investigations based on the appearance of di fferent types of cell s in 

histological sections have indicated that male gametes may have two 

di fferent origins. The present study, and ul trastructural studies of 

spermatogenesis in other demosponges (Aplysilla rosea, Tuzet, et 2.!, 1970; 

Suberites massa, Diaz and Connes, 1980; Spongia officinal is, Gaino, et !l, 

1984; Oscarella lobularis, Gaina, et.!L, 1986; Myxilla incrustans and Iophon 
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pi eeus, Efremova, .ll!l, 1987) suggest that choanocytes are the anlagen of 

s perm a t 0 go nia. 1 n a 11 but 0 ne 0 f the ses p e cie s, the en tir e e ho a no c y t e 

ehamber transforms into a spermatie cyst containing the differentiated 

spermatogonia. The follieular cells that surround developing gametes are 

derived from mesenchymal amoebocytes or arehaeocytes. Ul timately, after 

meiosis and differentiation these cysts contain the mature spennatozoa. In 

Suberites massa (Diaz, .rt 2.1, 1973) individual choanocytes within chambers 

undergo transformation into spermatogonia and migrate into the mesohyl where 

they then form cysts. On the other hand, light microscope studies of 

spermatogenesis in ')ther sponges (Hymeniacidon (Stylotella) heliophili!.' 

Fincher, 1940; Halisarca dujardini,!:!.:.metschnikovi, Tethya aurantia and 

Pol ymastia mammi 11 aris, Lévi, 1956) have suggested that amoebocytes or 

archaeocytes are the origin of spermatogonia. 

It should be noted that al1 conclusions regarding the origin of male 

germ ce11 sare based upon interpretation of fixed tissues. Conclusive 

experimenta1 work has not yet been possible but is desirable. Based upon 

present knowledge of spermatogonial genealogies, great variabil ity among 

almost all of the species which have been investigated makes it lmpossible 

to predict detailed patterns of spermatogenesis in any group of sponges 

which has not been studied specifically. 

The observation of synchronous differentiation of cells within 

spermdtic cysts and asynchronous development between cysts has a1so been 

reported in a number of other viviparous demosponges (Hippospongia communis, 

Tuzet and Payans de Ceccatty, 1958; Aplysi lla rosea, Tuzet, et .!l, 1970; 

Seongia officinal is, Gaino, rt 2.l, 1984). The presence of cytopl asmic. 

bridges between developing germ cell sis a1so c.haracteristic of 

spermatogenesis in many sponges (Tuzet, ~.!l, 1970; Gaino, et.!l, 1984; 
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Gaino, et al, 1986; Efremova, et al, 1987). These connections are probab1y -- --
the resu1t of incomplete cytokinesis during cleavage of the cells, and may 

play a role in the contemporaneous differentiation of male gametes within 

cysts. Synchronous deve10pment of germ cells within a cyst could reduce the 

number of immature elements leaving the cyst when the mature gametes are 

broadcast. 

There is only one other u1trastructural study that has investigated 

spermatogenesis in dictyoceratids (Gaino, et.!l, 1984, Spongia officinalis). 

In all species the di fferentiation of spermatogonia from choanocytes 

involves the loss of collars and flagella, migration of the nuclei toward 

the opposite ends of the cells and a sloughing of cytoplasm at the bases of 

the cells. However, unlike.h officinalis_ (Gaino,!!...!l., 1984), the 

spermatogonia of lh,lachne, i:.barbara, .,hcheiris and.,hgraminea undergo 

mitosis. Primary spermatocytes are characterized by a decrease in the ratio 

of cell to nucleus diameter and a modi fication in the organization of the 

chromatin. A decrease in cell and nuc~ :iJr size between primary 

spermatocytes and spermatids also occurs. Similar changes have been 

reported in Aplysi lla rosea (Tuzet, rt~, 1970), Suberites massa (Diaz and 

Connes, 1980), Spongia officinal is (Gaino, rt.!l, 1984) and Oscarell a 

lobularis (Gaino, !.!. !!l, 1986). These events strongly suggest that 

spermatogenesis in sponges involves two meiotic divisions to secondary 

spermatocytes and spermatids. Simpson (1984) emphasizes that no study has 

established chromosomal reduction or reported tetrad [chromatid] formation 

and, he suggests that the decrease in cel1 and nuc1ear sizes may be the 

result of two mitotic divisions. This study and one other recent study 

(Efremova, rt!.!., 1987) are the on1y ones to have reported spermatids in 

tetrad (ce11) formation. To date, there are still no reported studies that 
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have documented a hal ving of chromosome numbers during spermatogenesis. The 

greatest obstacle to gaining a clear picture of this very important event in 

the sexua 1 process i s that of correct 1 y i nterpreti ng dynami c event s, that 

occur in a brief moment of time, from static images. Biochemical and 

experimental approaches invol dng cell isolation and selective labell ing are 

urgentl y needed to compl ete our understandi ng of thi sand other events in 

spermatogenes i s. 

The spennatozoa of the four sponge species investigated in the present 

study lack a true intermediate segment containing mitochondria. In the male 

gametes of .!h. lachne, 2:. barbara, l=. cheiris and l=.. graminea the 

mitochondria are grouped around the nucleus which 1S positloned to one side 

of the sl ightly el ongated head. These sponges do not possess an acrosome or 

acrosome vesicl es. Only one ul trastructura 1 study has reported the presence 

of an acrosome in the sperm of sponges (Baccetti, ~~, 1986, Oscarell a 

lObularis). The absence of this organelle ;s consistent with a mechanism 

of fertilization through inactive sperm transfer. Gallissian (1980) 

reported the invol vement of a carrier cell in the fertil ization of Grantia 

compressa. In sponges that do possess an acrosome, fertil ization may occur 

d ire c t 1 Y b Y pen e t rat ion 0 f the s perm i nt 0 t Il e e g g. Mor est u d i p son 

spermatozoan morphology and fertilization are required to elucidate our 

understand; ng of sexual reproducti on in the Pori fera. 

The 0 b se r vat; 0 n 0 f a ut 0 f1 u 0 r es ce n ce; n s perm cel l s 0 f .th. 1 a c h ne, ~ 

barbara,..h cheiris and 2:. graminea is the first record of a definitive 

label that could be used to identify and follow the development of spennatic 

cell s. In a prev;ous study on oogenesis in these same four sponljes (Chapter 

2) autofl uorescence of one of two nue 1 ei in a secondary oocyte he 1 ped to 

identify the probable process of fertilization in the se4uence of events 
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leading to embryogenesis. Further studies investigating autofl uorescence of 

sperm cells in other sponge species might ultimately lead to a clear picture 

of the process of fertilization in the course of sexual reproduction in 
, . 

sponges. The use of suc.h a label may a1so be helpfu1 in targeting cells for 

isolation and culturing experiments. 

This study represents the second step in the analyses of specifie 

reproductive processes in Hippospongia lachne, Spongia barbara, Spongia 

cheiris and Spongia graminea. Together with the study on oogenesis, 

transfer of bacterial sjmbionts, and larval development, behaviour, 

settl ement and metamorphosis (Chapter 2) an understandi n9 of sexual 

reproduction and development in these four commercial sponges may prove 

useful in future ecological and biological investigations of these 

economically important species. 
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CONClUDING REMARKS 

The presence of large populations of intercel1u1ar symbiotic bacteria 

in the endosoma1 tissues of Hippospongia lachne, Spongia barbara, ~ cheiris 

and s. graminea has been noted and several morpho:ogically distinct types 

occur in a11 four species. These symbionts are specific to the sponges and 

different from ambient seawater bacteria. Populations of sponge specific 

bacteria are considerably higher than populations of ambient seawater 

bacteri a. 

Bacteria isolated from their hosts were capable of uti1izing a variety 

of individual amino acids, carbohydrates and tricarboxylic acid cycle 

intermediates as sol e carbon and energy sources in the test medium. Such 

relatively simple organic growth requirements implies that the symbiotic 

association with the sponges is not re1ated to specific and complex 

nutritional factors that the sponge suppl ies. Two of the sponge species in 

the present study were tested for antim;crobial activity against their own 

symbionts and those of the other species, as well as two other marine 

bacteria. Fluid extracts from the sponges do not appear to possess 

antirnicrobial substances which inhibit sponge specific bacteria or other 

marine bacteria. 

The nature of the relationship between sponges and their associates ;s 

not known. However, it is clear that studies of these taxonomicallyand 

economically important species must critically consider the bacterial 

populations within these species as major biotic components and, treat this 

intimately balanced association as an integrated but potentially disturbable 

commun; ty. 

A comprehensive and comparativE:! investigation of the processes invol ved 
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in sexual reproduction in.lb. lachne, h,barbara, 1:,.cheiris and 1:,.graminea 

has shown that these species are viviparous and probably dioecious. In 

three of the four sponge species gametogenesis occurs in synchronous cycles 

once a year, during the warm summer months. 1n.h barbara, gametes are 

asynchronously produced throughout the yeari there is no speci fic 

seasonality in the reproductive processes. Water temperature appears to be 

a factor influencing gametogenesis in the three species that produce gametes 

during the warm summer months. Reproductive specimens of these three 

species were never observed at water temperatures below 25°C. However, 

water temperature does not appear to directly influence gametogenesis in ~ 

barbara. 

Statistical analyses have identified specifie morphological features 

that characterize stages in the development of female reproductive elements 

i n the ses po n 9 es. Presumptive oogonia differentiate directly from 

archaeocytes and undergo a single mitotic division to produce primary 

oocytes. The production of male gametes occurs in cysts within the endosome 

of these sponges. The reproductive elements within an indlvidual cyst are 

synchronized in their devel opment however, devel opment between cysts i s 

asynchronous. Presumptive spermatogonia differentiate directly from 

choanocytes ..:!.!!.ù!!!.. All cells of the chamber lose their collars and 

flagell a and undergo mitosis to produce primary spermatocytes which then 

undergo meiosis to produce secondary spermatocytes and fi nally four 

spermatids. These cell s differentiate into spermatozoa which do not posscss 

intermediate segments or acrosomes. Presumed male and female pronuclel in 

secondary oocytes suggests that fertil ization occurs in these cell sand then 

zygotes undergo major growth. During the process of cleavage connections 

are formed between the embryo and surrounding nurse cell layers. These 
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umbilici apparent1y function as the pathway by which maternal, interce11ular 

symbiotic bacteria are extracellularly transferred to progeny. At the end 

of cleavage blastomeres differentiate, resulting in the development of 

pigmented parenchymella 1arvae. 

The cil i ated free-swimmi ng 1 arvae possess a posterior ri n9 of ce1l s 

bearing long cilia. The ci1iated ce1ls of the epithe1ium are probab1y 

larva1 structures on1y and represent a terminal differentiation. In 

laboratory studies the larvae demonstrated negative phototaxis until shortly 

before settlement during which time they showed no partic1ar taxis to 

light. There is no evidence for substrate selection or orientation. Larva1 

behaviour probably reflects the eco1ogica1 situation of adu1t populations. 

Settlement of 1arvae occurs 26-56 hours after re1ease and attachment to the 

substrate involves the rapid formation of a basal 1amella. This layer may 

function as a buffer to ersure that 1arval ce1ls do not actually contact the 

s u b s t rat e , the r e b y a 1 1 0 win 9 non - sel e ct ive set t 1 em e nt. Pre c 0 cio u s 

development of choanocytes does not occur in the 1 arvae or post-l arvae of 

these four species. 

Know1edge of the sexua1 reproductive processes and deve10pment in the 

four sponge species examined in this study will be usefu1 in future 

e col 0 g; cal and b i 0 log i cal ; n v est i 9 a t ion s 0 f the set a x 0 nom i cal l yan d 

economi ca 11 y important genera. 


