


ASPECTS of 
SPONGE BIOLOGY 



Academic Press Rapid Manuscript Reproduction 



ASPECTS of 
SPONGE BIOLOGY 

Edited by 
FREDERICK W. HARRISON 

Department of Anatomy 
Albany Medical College 

Albany, New York 

and 
RONALD R. COWDEN 

School of Medicine 
East Tennessee State University 

Johnson City, Tennessee 

ACADEMIC PRESS New York San Francisco London 1976 
A Subsidiary of Harcourt Brace Jovanovich, Publishers 



COPYRIGHT © 1976, BY ACADEMIC PRESS, INC. 
ALL RIGHTS RESERVED. 
NO PART OF THIS PUBLICATION MAY BE REPRODUCED OR 
TRANSMITTED IN ANY FORM OR BY ANY MEANS, ELECTRONIC 
OR MECHANICAL, INCLUDING PHOTOCOPY, RECORDING, OR ANY 
INFORMATION STORAGE AND RETRIEVAL SYSTEM, WITHOUT 
PERMISSION IN WRITING FROM THE PUBLISHER. 

ACADEMIC PRESS, INC. 
Ill Fifth Avenue, New York, New York 10003 

United Kingdom Edition published by 
ACADEMIC PRESS, INC. (LONDON) LTD. 
24/28 Oval Road, London NW1 

Library of Congress Cataloging in Publication Data 
Main entry under title: 

Aspects of sponge biology. 

"Developed from a symposium held in Albany, 
New York, in May 1975 . . . sponsored by the Society 
for Developmental Biology and the Department of 
Anatomy, Albany Medical College." 

Includes bibliographical references and index. 
1. Sponges-Congresses. I. Harrison, Frederick 

Williams, (date) II. Cowden, Ronald R. 
III. Society for Developmental Biology. IV. Al­
bany Medical College, Albany, N.Y. Dept. of 
Anatomy. 
QL371.H86 593'.4 76-3445 
I S B N 0 - 1 2 - 3 2 7 9 5 0 - X 

PRINTED IN THE UNITED STATES OF AMERICA 



To Jeffrey D. Rude 
who died October 12, 1975 at McMurdo 
Sound, Antartica while conducting 
research on the biology of sponges. 



This page intentionally left blank



Contents 

List of Contributors and Participants in the General Discussion ix 
Preface xi 
Acknowledgments xiii 

INTRODUCTION AND GENERAL DISCUSSION 1 

Introduction: Principles and Perspectives in Sponge Biology Frederick 
W. Harrison and Tracy L. Simpson 3 
General Discussion: Problems in Sponge Biology 19 
Topic 1. Does Asexual Production of Sponge Larvae Occur? 20 
Topic 2. Intraspecific Strain Specificity—Its Reality, Its Genetic Interpreta­

tion and Its Implications Vis-a-Vis Speciation 23 
Topic 3. The Fate of Nurse Cells and Their Genetic Components 24 
Topic 4. Is the ' 'Carrier-Cell'' System of Fertilization in Sponges Sup­

ported by Convincing Evidence? 25 
Topic 5. Color: What Is the Significance of Coloration in Sponges? 28 
Topic 6. Factors Affecting Gemmule Formation and Hatching 32 
Topic 7. What Do We Know about the Disposition of Silicon in 

Sponges? 40 
Topic 8. Problems of Sponge Cell Culture 43 
Topic 9. External Currents and Sponge Feeding 46 

CELL AND DEVELOPMENTAL BIOLOGY 49 

Analysis of Reproduction in Sponge Populations: An Overview with 
Specific Information on the Reproduction of Haliclona Loosanoffi 
Paul E. Fell 51 

Cytochemical Studies of Connective Tissues in Sponges Ronald R. 
Cowden and Frederick W. Harrison 69 
Recent Investigations of the Involvement of 3 ' , 5 ' Cyclic AMP in the 
Developmental Physiology of Sponge Gemmules Tracy L. Simpson and 
Gideon A. Rodan 83 
Natural Gamete Release and Oviparity in Caribbean 
Demospongiae Henry M. Reiswig 99 
Reproduction and Speciation in Halisarca Wen-Tien Chen 113 

VII 



CONTENTS 

Feulgen Microspectrophotometric Analysis of Deoxribonucleoprotein 
Organization in Sponge Nuclei Frederick W. Harrison and Ronald R. 
Cowden 141 
The Effects of the Cytochalasins on Sponge Cell Reaggregation: New In­
sights through the Scanning Electron Microscope Charlene Reed, 
Michael J. Greenberg, and Sidney K. Pierce, Jr. 153 
Cytological Abnormalities in a Variety of Normal and Transformed Cell 
Lines Treated with Extracts from Sponges Jack T. Cecil, Martin F. 
Stempien, Jr., George D. Ruggieri, and Ross F. Nigrelli 111 
Are Demospongiae Cell Membranes Unique among Living 
Organisms? Carter Litchfield and Reginald W. Morales 183 

TAXONOMY AND ECOLOGY 201 

A Taxonomic Study of the Spongilla alba, S. cenota, S. wagneri Species 
Group (Porifera:Spongillidae) with Ecological Observations of 
S. alba Michael A. Poirrier 203 
A Cytological Study of the Haliclonidae and the Callyspongiidae 
(Porifera, Demospongiae, Haplosclerida) Shirley A. Pomponi 215 
Zoogeography of Brazilian Marine Demospongiae George J. 
Hechtel 237 
Ecological Factors Controlling Sponge Distribution in the Gulf of Mex­
ico and the Resulting Zonation John F. Storr 261 
Field Observations of Sponge Reactions as Related to Their 
Ecology John F. Storr 277 
Sponge Feeding: A Review with a Discussion of Some Continuing 
Research Thomas M. Frost 283 
Life Cycles of Invertebrate Predators of Freshwater Sponge Vincent H. 
Resh 299 
Better Living through Chemistry: The Relationship Between 
Allelochemical Interactions and Competitive Networks Leo W. 
Buss 315 
A New Ceratoporellid Sponge (Porifera: Sclerospongiae) from the 
Pacific Willard D. Hartman and Thomas F. Goreau 329 
Subject Index 349 

V I I I 



List of Contributors and Participants 
in the General Discussion 

Leo W. Buss, Department of Earth and Planetary Sciences, The Johns Hopkins 
University, Baltimore, Maryland 21218 and Discovery Bay Marine Laboratory, 
Discovery Bay, St. Anns, Jamaica, W.I. 
Jack T. Cecil, Osborn Laboratories of Marine Sciences, New York Aquarium, New 
York Zoological Society, Brooklyn, New York 11224 
Wen-Tien Chen, Department of Biology, Yale University, New Haven, Connecticut 
06520 
Ronald R. Cowden, School of Medicine, East Tennessee State University, Johnson 
City, Tennessee 37601 
Paul K. Dayton, Scripps Institution of Oceanography, La Jolla, California 92307 
George DeNagy, Department of Biological Sciences, Dartmouth College, Hanover, 
New Hampshire 03755 
Paul E. Fell, Department of Zoology, Connecticut College, New London, Connec­
ticut 06320 
Thomas M. Frost, Department of Biological Sciences, Dartmouth College, 
Hanover, New Hampshire 03755 
Samuel L.H. Fuller, Department of Limnology, The Academy of Natural Sciences 
of Philadelphia, Philadelphia, Pennsylvania 19103 
Thomas F. Goreau, Marine Sciences Research Center, State University of New York 
at Stony Brook, Stony Brook, New York 11790 and Discovery Bay Marine 
Laboratory, Discovery Bay, St. Anns, Jamaica, W.I. 
Michael J. Greenberg, Department of Biological Sciences, Florida State University, 
Tallahassee, Florida and the Marine Biological Laboratory, Woods Hole, 
Massachusetts 
Frederick W. Harrison, Department of Anatomy, Albany Medical College, Albany, 
New York 12208 
Willard D. Hartman, Peabody Museum of Natural History and Department of 
Biology, Yale University, New Haven, Connecticut 06520 
George J. Hechtel, Department of Ecology and Evolution, State University of New 
York at Stony Brook, Stony Brook, New York 11794 
Carter Litchfield, Department of Biochemistry, Rutgers University, New Brunswick, 
New Jersey 08903 

ix 



LIST OF CONTRIBUTORS AND PARTICIPANTS 

Frank J. Little, Box 692, Clarkson, New York 14430 
Reginald W. Morales, Department of Biochemistry, Rutgers University, New 
Brunswick, New Jersey 08903 
Ross F. Nigrelli, Osborn Laboratories of Marine Sciences, New York Aquarium, 
New York Zoological Society, Brooklyn, New York 11224 

Sidney K. Pierce, Jr.,1 Department of Biological Sciences, Florida State University, 
Tallahassee, Florida 32306 and the Marine Biological Laboratory, Woods Hole, 
Massachusetts 
Michael A. Poirrier, Department of Biological Sciences, University of New Orleans, 
New Orleans, Louisiana 70122 
Shirley A. Pomponi, University of Miami, Rosensteil School of Marine and At­
mospheric Science, 4600 Rickenbacker Causeway, Miami, Florida 33149 
Henry M. Reiswig, Redpath Museum and Department of Biology, McGill Universi­
ty, P.O. Box 6070, Montreal, Quebec, Canada 
Charlene Reed, Department of Biological Sciences, Florida State University, 
Tallahassee, Florida 32306 and the Marine Biological Laboratory, Woods Hole, 
Massachusetts 

Vincent H. Resh,2 Department of Biology, Ball State University, Muncie, Indiana, 
47306 
Gideon A. Rodan, School of Medicine and Dental Medicine, University of Connec­
ticut, Farmington, Connecticut 06032 
Jeffrey D. Rude, Scripps Institution of Oceanography, La Jolla, California 92037 

Klaus Ruetzler, Department of Invertebrate Zoology (Lower Invertebrates), Na­
tional Museum of Natural History, Smithsonian Institution, Washington, D.C. 
20560 
George D. Ruggieri, Osborn Laboratories of Marine Sciences, New York 
Aquarium, New York Zoological Society, Brooklyn, New York 11224 
Tracy L. Simpson, Department of Biology, University of Hartford, West Hartford, 
Connecticut 06117 
Martin F. Stempien, Jr., Osborn Laboratories of Marine Sciences, New York 
Aquarium, New York Zoological Society, Brooklyn, New York 11224 
John F. Storr, Department of Biology, State University of New York at Buffalo, 
Buffalo, New York 14214 
Felix Wiedenmayer, Naturhistorisches Museum Basel, Basel, Switzerland. 

1 Present Address: Department of Zoology, University of Maryland, College Park, Maryland 
20742 
2 Present Address: Division of Entomology and Parasitology, University of California, Berkeley, 
California 94720 

X 



Preface 

Aspects of Sponge Biology developed from a symposium held in Albany, 
New York, in May 1975, sponsored by the Society for Developmental 
Biology and the Department of Anatomy, Albany Medical College. This 
symposium brought together the majority of North American investigators 
of sponge biology. The book is unusual in that, in addition to presentations 
in current investigations, it contains the symposium participants' discussion 
of several of the problem areas of sponge biology. The introductory chapter 
is intended for established investigators in other fields who either wish to 
study the sponges per se or to utilize these animals as model systems to 
clarify basic biological problems. This book, then, attempts to present the 
sponges as a challenging, virtually untapped resource for future studies. It 
includes the most current research in the field yet, simultaneously, leads in­
vestigators into research opportunities seen for the near future. Aspects of 
Sponge Biology should prove valuable to invertebrate zoologist, cell and 
developmental biologists, aquatic biologists, ecologists, investigators of cell 
surface phenomena, comparative physiologists, and to anyone involved in 
problems of water quality. We feel that the study of sponge biology is 
entering into an extremely exciting and rapidly evolving period in which the 
utilization of techniques unavailable in the recent past will not only provide 
answers to many of the problems now existing in sponge biology but will 
also raise challenging new questions. 

Fredrick W. Harrison 
Ronald R. Cowden 
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INTRODUCTION: PRINCIPLES AND PERSPECTIVES 
IN SPONGE BIOLOGY 

by 

Frederick W. Harrison 
Department of Anatomy 
Albany Medical College 
Albany, New York 12208 

and 

Tracy L. Simpson 
Department of Biology 
University of Hartford 

West Hartford, Connecticut 06117 

Within recent years, the utilization of sponges in re­
search has increased to a tremendous extent. The applica­
tion of newer technologies to problems of sponge biology has 
greatly clarified many of the problems that plagued earlier 
investigators. We feel, however, that the sponges present a 
virtually untapped tool for use in basic research with many 
areas of utilization and investigation unrecognized. This 
chapter is intended, then, to serve as a guide to either the 
young investigator beginning a career or the established 
scientist who wishes to utilize, for the first time, sponges 
as a research vehicle. We realize that it is not possible 
or reasonable to review all the different facets of sponge 
biology. However, we wish to introduce the novice to: me­
thods for collecting, laboratory maintenance and examination; 
key references, including monographs and review papers; and 
selected areas of research on sponges which need to be under­
taken or need to be reevaluated in light of new techniques 
and/or ideas. 

Collecting Techniques 
In collecting sponges, the methods employed will often be 

determined by the collectors1 proposed use of the material. 
If one is collecting for taxonomic studies of marine sponges, 
for instance, it is best, if feasible, to collect entire 
specimens. In this case, color photographs, underwater if 
possible, of the specimens are quite helpful in species de­
terminations. Conversely, with freshwater sponges, the col­
lection of entire specimens is not essential but one should 
collect gemmule-bearing specimens if possible. This is be­
cause most taxonomic schemes in use today employ gemmule and 
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gemmosclere (gemmule spicule) morphology as diagnostic cri­
teria. In either case, it is important to separate small, 
five cubic millimeter, pieces of sponge into a histological 
fixative. Fixatives of preference are Bouins or ethanol-
acetic acid (3:1). Following fixation, specimens should be 
processed routinely through washes, etc., with storage in 
70% ethanol. The remainder of the specimen may be placed 
directly into 70% ethanol or retained as a dried specimen. 

Maintenance of Sponges in the Laboratory 
The problems of maintenance of marine and freshwater 

sponges in the laboratory have been reviewed by Fell (f67). 
Although freshwater sponges are notoriously difficult to 
maintain in the laboratory, Imlay and Paige (f72) described 
a simple laboratory system with continuous water flow in 
which freshwater sponges not only survived for three months 
but, in most cases, exhibited considerable growth. The con­
tinuous flow multichamber system described by these authors 
used trout fry food (Glencoe starter granules) fed into the 
first prechamber at the rate of % gram of feed per day. Al­
though the exact system described, i.e., direct introduction 
of raw habitat water, would be impractical for most labora­
tories, a recirculating system could be easily devised. The 
design for an inexpensive recirculating system, in this case 
a refrigerated seawater system for marine organisms, was de­
scribed by Bakus (f65). This system could be easily adapted 
for maintenance of freshwater sponges according to the tech­
nique of Imlay and Paige (f72). 
The various techniques used in laboratory examination of 

sponges, i.e. explants, dissociation and reaggregation, 
growth of sponges from larvae, production of sponges from 
gemmules, and cell culture, have been thoroughly reviewed by 
Fell (f67) in a particularly informative article. 

Current Problems in Systematics 
Until recently, the systematics of freshwater sponges was 

hopelessly confused. The revisionary work of Penney and 
Racek (f68) brought some degree of order into this chaotic 
area and, in particular, demonstrated global evolutionary 
patterns within the gemmule-forming spongillids. However, 
there are still major areas requiring clarification in 
freshwater sponge systematics. Traditionally, skeletal and/ 
or gemmule morphology have been the basic criteria utilized 
in systematic analyses of both freshwater and marine sponges. 
Increased recognition of the problems caused by ecomorphic 
variation in skeletal and gemmule structure of spongillids 
(see Poirrierf69, f74, and this volume) necessitate a more 
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