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When is a bivalve not a bivalve?: Tube linings and accessory 
plates in boring lineages 

SIAN EvANS 

Laporan (Report) 

Ms. Sib Evans from the Department of Geology, Royal School of Mines, Imperial College, 
and Department of Palaeontology, Natural History Museum, presented the above talk at 5.30 
pm on the 22nd May 1995 at the Geology Department, University of Malaya. 

Abstract 
The Class Bivalvia show adaptations to a huge range of environments and ecological 

niches. The plasticity of the shell secretion method allows extremes of morphology to be 
developed. In some bivalve families, however, additional calcareous structures have devel
oped, such as the boring linings in the Teredinidae and Lithophagainae, and accessory plates 
in the Pholadacea. How are these structures produced, and how do they fit in with accepted 
models of bivalve shell secretions? 

It is generally assumed that the only calcareous parts of a bivalve are the two shells, hence 
the name, bivalve. But even this basic assumption is not always correct. Certainly groups of 
bivalves, those that bore, secrete a range of other calcareous structures, including a lining to the 
boring. They effectively have more than 2 shells. It is these structures that are the subject of 
the talk. 

The ability to secrete a boring lining seems to have evolved independently in a number of 
unrelated bivalve clades. In each group the lining is complex in structure and may even be 
useful in the taxonomy, particularly of fossil specimens. 

The Pholadacea are an excellent example of the complexity and diversity of boring lining 
methods. Before considering the secretion of the boring lining it is necessary to think about the 
process of shell formation. 

The Class Bivalvia exploit a huge range of ecological niches and display extremely diverse 
morphologies. This is largely a result of the plasticity of the shell, which in turn is related to 
methods of its secretion. Differences in relative growth rates at the margin edges produce a 
huge range of shell shape. 

The evolutionary plasticity of the method of shell secretion means that groups occupying 
similar ecological niches show strong convergence in the overall morphology of the shell, even 
though they are derived from very different ancestors. 

In the boring bivalves this convergence is not just confined to the shell shape, but is also 
seen in additional calcareous structures produced within the boring. 

Selsey Petricola pholadiformis is a common boring bivalve around the coast of Britain, and 
Martesia striata from Malaysia is a wood borer. These boring bivalves are permanently encased 
within the substrate. They produce the boring either mechanically using the valves, or by 
dissolving calcareous substrates using chemical secretions. 

The boring habit has evolved independently in a number of different clades within 3 of the 
bivalve subclasses. 

5 of the main groups are Gastrochaenids, Lithophagids, Petri cola, Clavagella and the 
Pholadacea. Emphasis is on the Pholadacea. Boring bivalves have apparently evolved from two 
different ecological guilds - shallow burrowers and bysally attached nestlers. 
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What advantages can be gained from the boring mode of life? The obvious advantage is 

protection from predators. It seems possible that the radiation in the Late Triassic/Jurassic 
occurred in response to the Mesozoic Marine Revolution, a hypothesised increase in predation 
pressure, originally proposed by Vermeij. 

Despite the differences in their ancestry we see strong similarities in form of the shell and 
soft parts of different boring groups. Permanent siphonal and pedal gapes, as the shell's 
primary function of protection is replaced by the substrate - may also be due to wear on the 
leading edge of the valves. Strong suctorial foot, particularly important in the mechanically 
boring lineages - allows the bivalve to attach firmly to the substrate whilst the valves are 
moved into position to allow rasping. Long siphons are common to produce a boring lining. 

In addition to these similarities, the ability to secrete a lining is seen in 4 of the 5 clades 
introduced. In each clade it seems that the primitive condition is to secrete the lining around 
the siphons, and with increased specialisation, the lining may extend around the outside of the 
shells and this will only occur during a period when the bivalve is not actively boring. 

Why do boring bivalves secrete a lining? These are clear advantages. For containment of 
the siphons (if the primary reason for is protection from predators then need to make sure that 
they are tightly encased and if the valves are wider than the siphons then this leaves a lot of 
slack); attachment site for pallet retractor muscles (Teredinindae allows the closure of the 
siphonal aperture); smoothing the internal surface of the boring; protection from decaylbreakage 
of the substrate (if this occurs and no lining is developed then bivalve is open to predation); and 
allows to keep up growth with a dynamic substrate (for example coral borers). 

Is the secretion of a lining just another example of convergence, the ability evolving 
independently, or could it be a capacity of all bivalves to secrete a tube, as they have the capacity 
to secrete shells in other words could the tube linings be considered homologous characters? 

One way to address the issue of homology is to study the fine scale structure of the lining. 
Whilst shell structure has been examined extensively in the Bivalvia the mineralogy and 
structure of the tube lining has usually been ignored. The Gastrochaenids and the Lithophagainids 
appear to secret an aragonitic lining, whilst in some Pholadacea it is calcite. In all cases 
however it is clear that the structure of the lining is complex, being made up of a number of 
layers. Brian Morton recognised up to 4 distinct layers in Gastrochaena and suggested that 
each layer might have been secreted by a different gland in the mantle around the siphons. Also 
see in all the groups there is an ability to redissolve and repair the siphonallining throughout 
life. The lining is clearly carefully mediated, and cannot be considered just as a dump for excess 
carbonate removed from the substrate by boring. Differences in the mineralogy suggests 
however that the secretion methods could be different in the different groups, making the 
homology hypothesis unlikely. 

The Pholadacea are an excellent example of the complexity of the tube structure and its 
importance in exploiting a substrate. They are a group of mechanical borers in which the shells 
are used as rasps. They are made up of two main groups the Pholadidae (which exploit a huge 
range of different substrates from rock through to PVC cables) and the Teredinidae (obligate 
wood borers). 

The particularly striking feature of the Pholadidae is the development of additional 
aragonitic "valves" known as accessory plates - this is an excellent example of a bivalve not 
being bivalved! It seems that the primary function of the accessory plates to protect the soft 
parts within the boring. The effect is a series of accessory plates, additional valves, performing 
a similar role to the tube lining. 

Only one genus within the Pholadidae secretes a tube, the Teredina. Rather than secreting 
the tube around the valves, they are fused into the tube, producing a single structure. The tube 
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consists of distinct layers. Teredinas have clear alternation of aragonite and calcite layers. 
Even within the Pholadidae, two different ways of protecting the bivalve within the boring have 
evolved, a siphonal tube fused to the valves and accessory plates . 

The Teredinidae are a group of obligate wood borers and show extreme specialisation to 
this niche. The overall shape is remarkable. The aragonite valve are extremely reduced, the 
body is long and wormlike. The boring is lined with a layered calcite tube. The siphonal end 
of the tube is secreted very early on in the ontogeny. The tube is only completed after maturity. 

At the end of the mantle are a pair _of secondary calcite shells, the pallets. They show a very 
complex, variable morphology and are the basis of species level taxonomy within the group. 
Their complex morphology indicates carefully mediated biomineralisation. The pallets are 
forced against the lining around the siphons producing a water and air tight seal. Functionally 
the pallets and the lining are intimately linked and this is reflected in their. structures. 
Different structures of tube lining are associated with the different pallet morphologies of 
different genera. 

It has previously been considered that the morphology of the boring lining is of no use in 
recognising taxa, and it has been left out from the trace fossil nomenclature for Teredolites. 
This is reasonable since the lining is variably developed depending on the age of the individual 
and the nature of the substrate. However the apertural end is secreted even in young specimens, 
and as it is closely linked functionally to the pallets it may be of use in at least genus level 
identification allowing distinction of fossil material where the pallets themselves are not 
preserved . 

Ifwe can understand more about the methods of secretion of the lining and the pallets then 
we may be able to get more information about the phylogeny of the Teredinidae. Is it valid to 
consider production of a solid plug from individual layers as an evolutionary trend? It is hoped 
that this can be achieved by using both modern and fossil material to examine the ultrastructure 
of the tube 

In conclusion we can say that the ability to secrete a lining to the boring has evolved 
independently in different clades. The structure of the lining is complex and does not fit in with 
models of bivalve shell secretion. The structure of the tube lining can be particularly useful 
especial1y for the Teredinidae. 

G.H. Teh 
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