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An early branching event separated the sponges from other animals.

Sponges are one of the oldest living organisms in the earth, dating from the late Precambrian.

There are approximately 5,000 living sponge species and the fossil genera exceeds 900.

Sponges have a very peculiar feeding system, they water through tiny pores in their outer walls, driven by the beating of flagella, cells in the walls then filter the food from the water as it is pushed out to one of the large openings. There is one

There is an exception to the general description of sponge feeding that you just read above. Read more in the Life History & Ecology section to learn about the weird and interesting carnivorous sponges. 

As the basal branch of the metazoans, poriferans have long been expected to be among the earliest undoubted animal fossils, those of the Vendian (or Ediacaran). Until recently, however, no sponge body fossils had been identified or described from this fauna. In 1996, Gehling and Rigby identified and described the first probable sponge, Paleophragmodictya, from the Ediacara of Australia. Their specimens revealed a reticulating net of spicules in the sponge body wall, reminiscent of that seen in many hexactinellid sponges.

As seen in the figure above, sponges have been numerous in the seas since the Precambrian. Throughout most of the Phanerozoic, sponges have been major contributors to reef formation. A generalized cartoon of sponge contribution to the formation of reef carbonates is shown on the left of the figure above. It illustrates that today's situation, where scleractinian corals dominate, is more of an exception than a rule. Today, sponges are important ecological constituents of reef communities but they do not commonly contribute to the construction of reef frameworks as has been the case during most of their history. Sponges probably achieved their greatest diversity during the Cretaceous. It should be noted that charts such as these, known as spindle diagrams, do not account for the biases of the fossil record. 

Memebers of the group Calcarea are the only sponges that possess spicules composed of calcium carbonate. These spicules do not have hollow axial canals. The Calcarea first appears at the base of the Lower Cambrian and has persisted until the present. Greater than 100 fossil genera are known. Like the Hexactinellida and the Demospongia, the calcarean sponges were at their most diverse during the Cretaceous. Today, their diversity is greatest in the tropics, as is the case with most marine groups. They are predominantly found in shallow waters, though at least one species is known from a depth of 4,000 meters. The fossil record of the Calcarea indicates that it has always been more abundant in near-shore shallow water settings.  

Calcarea Systematics

The basal group of the Calcarea is the Heteractinida. The heteractinids are characterized by eight-rayed calcareous spicules, or derivative forms. They are known from the base of the Lower Cambrian. Heteractinids never achieved great diversity and were extinct by the end of the Paleozoic. The other two primary groups of calcarean sponges, the Calcinea and the Calcaronea, share a more recent common ancestor and are characterized by regular three-rayed and four-rayed spicules. The Calcinea is difficult to characterize and thus may be paraphyletic. The Calcaronea is more likely a monophyletic group of sponges since they share characteristic larvae and choanocytes, presumably due to common ancestry. The Calcinea is known from the Permian, while probable calcaronean fossils have been identified from the Cambrian. Both groups persist with many representatives in today's oceans.

Archaeocyaths are an extinct group of sponges that had a very brief (geologically speaking) and spectacular history. The first archaeocyaths appear roughly 530 million years ago, during the Lower Cambrian. Archaeocyath species were very important members of Lower Cambrian communities. They diversified into hundreds of species during this time period and some of these species contributed greatly to the creation of the first reefs. Reef ecosystems tend to support a wide variety of organisms both in the present and in the past. Despite their great success in terms of numbers, the archaeocyaths were a short-lived group. They were almost completely non-existent by the middle Cambrian, some 10 to 15 million years after their first appearance.

The stromatoporoids had massive calcareous skeletons that are preserved as rather conspicuous fossils. A cross-section is shown above, while a view down on the living surface is presented below. Some stromatoporoids formed domes in excess of 5 meters in diameter. The stromatoporoid grew by secreting calcareous sheets. This growth process resulted in layers, termed laminae, parallel to the substrate and rod-like pillars perpendicular to the laminae. The layers closest to the surface of the skeleton probably contained living tissue; those layers away from the surface appear to have been back-filled with calcite. The surface of the skeleton, where most of the living tissue resided, has raised structures called mamelons, presumably serving as sites for excurrent openings. Associated with mamelons are canals called astrorhizae. Very similar structures, observed on living sponges of the genus Astrosclera, represent excurrent canal systems. This is strong evidence that fossil stromatoporoids were poriferans. 

There are two main groups of fossil stromatoporoids that lived in different eras, the Paleozoic and the Mesozoic. The fossil record of the earlier group begins in the Ordovician and persists until the Early Carboniferous. After their appearance, the Paleozoic stromatoporoids quickly became dominant reef builders, and persisted as such for over 100 million years. They are absent in the fossil record between the Early Carboniferous and the Late Permian. The second group of stromatoporoids, from the Mesozoic, may represent a distinct group with a similar growth form. The Mesozoic stromatoporoids are again important contributors to reef formation, especially during the Cretaceous. Several living sponges would be classified as stromatoporoids in this second group if found as fossils, and these can be assigned to the Demospongia based on soft parts. Their diversity is reflected in the overall diversity of Demospongia through time. 

The Demospongia is by far the most diverse sponge group. Greater than 90 percent of the 5,000 known living sponge species are demosponges. This ratio is not maintained in the fossil record, where less than half of the known genera and families are demosponges. However, the vast majority of living demosponges do not possess skeletons that would easily fossilize, thus their fossil diversity, which peaks in the Cretaceous, is probably an enormous underestimate of their true diversity. As their great number of species would suggest, demosponges are found in many different environments, from warm high-energy intertidal settings to quiet cold abyssal depths. Indeed, all of the known freshwater poriferans are demosponges.   

 Demosponge skeletons are composed of spongin fibers and/or siliceous spicules, though one genus (Oscarella) has neither. Demosponge spicules, if present, are siliceous, have one to four rays not at right angles, and have axial canals that are triangular in cross section. Demosponges take on a variety of growth forms from encrusting sheets living beneath stones to branching stalks upright in the water column. They tend to be large and only exhibit the leucon grade of organization.  

Demosponge Systematics

Demosponge systematics is an active area of research, and much is still to be learned. However, some rudimentary outlines can be made. The basal clade of the Demospongia is the Homoscleromorpha, characterized by the possession of a larva more reminiscent of that of the Calcarea than that of the rest of the Demospongia. Demosponges other than the Homoscleromorpha are split into two major groups, the Tetractinomorpha and the Ceractinomorpha. These two groups share characters that indicate common descent such as a distinctive larval type and the presence of spongin. Currently, the two groups are each characterized by distinctive types of microscleres, though some doubt still remains as to whether the distinctive microsclere types evolved only once in each group. Fossils of each of these groups is known from the Cambrian suggesting an early radiation of the major clades of demosponges. The Lithistida, a taxonomic grouping into which many of the fossil demosponges fall, is most certainly polyphyletic with members in both the Tetractinomorpha and the Ceractinomorpha. 

Sphinctozoans are sponges that grow as a series of chambers, one on top of the next. Most are aspiculate, including the living representative Vaceletia crypta. However, a few Mesozoic forms contain triradiate calcareous spicules embedded in the body wall. This suggests an evolutionary relationship with the Calcarea. On the other hand, soft parts of V. crypta indicate that it shares a common ancestor with the ceractinomorph demosponges. The sphinctozoan growth form has probably evolved independently within the Calcarea and the Demospongia, making the grouping polyphyletic. Thus, they cannot be thought of as a natural evolutionary group. Fossil "sphinctozoan" families for which calcarean or demosponge affinities cannot be determined are known from the Cambrian to the Cretaceous. 

What's a Hexactinellid?

The hexactinellids, or glass sponges, are characterized by siliceous spicules consisting of six rays intersecting at right angles, much like a toy jack. Hexactinellids are widely viewed as an early branch within the Porifera because there are major differences between extant hexactinellids and other sponges. In particular, much of their tissues are syncitia, extensive regions of multinucleate cytoplasm. Some discrete cell types do exist, including archaeocytes. Furthermore, whereas other sponges possess the ability to contract, hexactinellids do not. Moreover, hexactinellids possess a unique system for rapidly conducting electrical impulses across their bodies, allowing them to react quickly to external stimuli. 

