
Simplest metazoan (multi-cellular)

Lecture 5 - Sponges!



Metazoan origins – unicellular ancestors

• Originated during the Precambrian (1.2 billion 
- 670 million years ago) 

• From what? Two hypotheses: 
– Multinucleated ciliate became compartmentalized 
– Cells in a colonial flagellate became specialized



Anisonema (choanoflagellate)

Metazoan origins – unicellular ancestors



Choanoflagellates

SEM  of the basket-like lorica of 
Diplotheca costata(approx
12 µm long)



Choanoflagellates

Codosiga

Drawing of a spherical colonial 
choanoflagellate
Sphaeroeca lackeyi.
Individual cell bodies
are 10  µm long



Colonial Choanoflagellates



Choanoflagellates

Drawing of Proterospongia haeckeli, which Kent 
(1880–82) considered to be a missing link between 
choanoflagellates and sponges. Colony is 40–50 
µm wide.

Whole mount of a freshwater sponge 
choanocyte. Note the single anterior 
flagellum and the collar of thread-like 
tentacles. Cell body is approx 6 µm long.



Simplest metazoan (multi-cellular)

Molecular Data
Firmly in Animals



Phylum Porifera: the sponges

• ~ 10,000 species 

• Sessile 

• Porous filter feeders 

• Negligible movement 

• No nervous system or coordinated behavior 

• Abundant and important in marine ecosystems: provide habitat and protection



Sponge characteristics
• Simple metazoa 
lacking true tissues or 
organs 

•Essentially an 
assemblage of several 
cell types embedded in a 
jello-like matrix, often 
supported by spicules

central cavity 
(spongocoel)

water out

water in

flagellum microvilli nucleus

spicule

amoebocyte 
(archeocyte)

ostium
semifluid 
matrix

pinacocyte

Figure 25.7a

choanocyte

(osculum)





Sponge diversity

Tube sponge

Encrusting 
sponges

Class Hexactinelidda: 
Venus’ flower basket 



Water movement and maximizing filtering area

•The body of a simple sponge resembles a sac 
perforated with holes 

• Water is drawn through the pores into a 
central cavity, the spongocoel, and flows out 
through a larger opening, the osculum 

• More complex sponges  
contain branched canals  
and several oscula

spongocoel

osculum



Form and function
• Nearly all: suspension filter feeders 

 Asconoid: flagellated 
spongocoel

Syconoid: flagellated 
canals

Leuconoid: flagellated 
chambers



Sponge cells I
• Sponge body consists of two cell layers separated 
by a gelatinous region, the mesohyl 

• Flagellated choanocytes, or collar cells, line the 
spongocoel (internal water chambers) create a flow of 
water through the sponge with their flagella, and trap 
food with their collars 

• Pinacocytes: closest to true tissue - thin, flat 
epithelial cells that cover the external and part of the 
internal surface 

• Myocytes and porocytes: contractile cells which 
surround canal openings and pores that contract to 
regulate flow through the sponge. 
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Sponge cells II
•amoebocytes: mobile, take up food from water and from choanocytes, digest 
it, and carry nutrients to other cells; secrete tough skeletal fibers within the mesohyl: 

• spicules of calcium carbonate or silicon dioxide 

• collagenous protein fibers called spongin 

Can differentiate into all other more specialized cells
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Sponge physiology
• All activities depend on water flow: most are filter feeders 

• Leuconia ~10 cm tall, 1 cm diameter: 81,000 incurrent canals water at a velocity of 
0.1 cm/sec, slows in the 2 million flagellated chambers to 0.001 cm/sec, expelled at 
8.5 cm sec 

• Large sponges may filter 1500 liters water daily (up to 20,000 times its volume) 

• Digestion entirely intracellular (amoebocytes) except: 

• members of the family Cladorhizidae are carnivores: digestion is extracellular 

• other sponges harbor symbionts (green algae, dinoflagellates, or cyanobacteria) 
from which they also derive nutrients 

• No respiratory or excretory organs



Biologists first discovered that some sponges are carnivorous about 20 
years ago. Since then only 7 species have been found in the northeastern 
Pacific.

-most carnivorous sponges have no choanocytes. ????

https://www.youtube.com/watch?v=oJeyOU4eSKw

https://www.youtube.com/watch?v=oJeyOU4eSKw






Sponge reproduction

Asexual reproduction: by bud formation and by regeneration following 
fragmentation 

Sexual reproduction:  most sponges are hermaphrodites, with each individual 
producing both sperm and eggs, and viviparous (offspring develop in parent) 

• Gametes arise from choanocytes or amoebocytes.  

• Eggs are retained; sperm are carried out via the osculum 

• Sperm are drawn into neighboring individuals and fertilize eggs in the mesohyl 
(choanocytes deliver the sperm…) 

• Zygotes develop into flagellated, swimming larvae that disperse from the parent  

• Larvae develops into a sessile adult on suitable substrate



Regeneration and somatic embryogenesis

Regeneration: repair of injuries and restoration of lost parts 

Somatic embryogenesis: entire new sponges can develop from fragments or 
aggregates of cells



Immune System 
(RFB)



Immune System (RFB)



Predation,  competition, chemical warfare and drugs

Sponges have few enemies: “eating one is the equivalent of eating a mouthful of 
glass splinters embedded in an evil smelling gristle” 



Predation,  competition, chemical warfare and drugs

• What is the link between marine chemical warfare and human health? 

• Production of anti-bacterial compounds 

• Production of anti-cancer drugs  
(AS-2 from the purple Pacific rope sponge) 

• Production of anti-inflammatory drugs 

• Production of drugs that suppress 
organ rejection

From the Okinawan ocean 
sponge Fasciospongia 
rimosa: microtubule-
stabilizing agent - 
suppresses cell division



Associations
Sponges provide habitat for a variety of animals living as commensals or 
parasites 
e.g. 16,000 shrimp living in a sponge of interior space equivalent to a 55-gallon 
drum

Dromia personata wearing a 
stylish sponge hat

Cleaning gobies



Associations

Class Hexactinelidda: 
Venus’ flower basket 

An odd coevolutionary relationship 

Young shrimp enter the ‘cage’: live on 
drifting plankton, grow so large that they are 
effectively imprisoned


