McGill University

Laboratory Studies in Paleontology

Laboratory Exercise #6:

THE LOPHOPHORATES: PHYLUM BRACHIOPODA
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Brachiopods belong to a phylum of shelled invertebrates in which the soft parts are enclosed by two valves, one above and one below the viscera.  The soft parts between the valves are divided into two regions by a membrane or wall.  The front part of the cavity contains a coiled and ciliated band called the lophophore, which functions in food gathering and respiration.  The mouth is in the center of the dividing wall at the base of the lophophore.  The gut, stomach, digestive glands, and gonads are housed in the cavity behind the wall.  Water currents set up by the cilia on the lophophore carry micro-organisms toward the mouth.

From the larger of the two valves the pedicle, a muscular stalk, may emerge to attach the brachiopod to the substrate. This valve is called the pedicle valve.  The other, smaller valve to which structures for the support of the lophophore are attached, is called the brachial valve.  A flap of living tissue called the mantle lines and secretes both valves.

The brachiopods are divided into 3 classes or subclasses (which some taxonomist regard as different phyla).

I) The LINGULATA are schizocoelomates, and have a U-shaped 

gut (like bryozoans). Their valves of phosphate and chitin do not interlock. 

II) All other brachiopods secrete shells of CaCO3, and are therefore grouped by some taxonomists as the CALCIATA. In some classification schemes, this includes the CRANIIFORMEA, inarticulate calcareous brachiopods. Teeth, sockets and pedicle are poorly developed at the hinge, and the gut empties toward the pedicle. 

III) Most calcareous brachiopods are grouped as the ARTICULATA. They are enterocoelomates, possess a blind gut (i.e. without an anus) and secrete shells of calcite where valves interlock at the hinge.The diductor muscles open the shell by pulling on a knob called the cardinal process at the back of the brachial valve.  The shell is closed by contracting the adductor muscles. When they decompose after death, these muscles leave scars on the inside of the valves where they were attached.
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Examine then draw the specimen of the modern brachiopod, Lingula, which has been dissected and embedded in plastic (1a).  Label all the elements you can recognize (e.g. lophophore, pedicle, muscles, internal organs, and shell). This genus, truly a “living fossil”, survives with remarkably little change to the present day.

Examine the specimens of Lingula from local Paleozoic rocks. Are the Ordovician and Silurian specimens preserved in sandstone, siltstone, shale or limestone (1b)?

Paleozoic specimens of Lingula are often better preserved than more recent (Cenozoic) fossils. What type of sediment does Lingula  live today (1c)? Could this partly explain its unusual longevity as a genus and the deterioration in its preservation (1d)? Examine the coquina of another inarticulate brachiopod, Obolus. Why is this deposit mined (1e)? 

CALCIATA – CRANIIFORMEA, ACROCRETIDA

(inarticulate calcareous brachiopods)

These inarticulate brachiopods are relatively rare today. Many live attached by one of their valves to other brachiopods.

Examine specimens of Trimerella, a Silurian trimerellid common in reef limestones. What is the mode of preservation of these specimens: replacement, permineralization, mold or cast (if one of last two cases, specify if internal or external) (2a)? What does this mode of preservation suggest about the original shell mineralogy (2b)? Sketch the pattern of deep grooves on the fossils (2c).  They represent  a mineralized ridge and platform for the attachment of muscles inside the shells.

CALCIATA - ARTICULATA

The articulate brachiopods are grouped by some taxonomist into a class of their own (ARTICULATA). The main orders are widely agreed upon.

Most orders are relatively easy to recognize from the overall shape of the shell. Look at the specimens set aside for Question 3 and match each genus to one of the orders described on the next page. See also the summary of articulate orders (with diagrams of typical shell shapes) posted on WebCT.

(3a) Orthids are articulate brachiopods with unequally biconvex strophic shells.

(3b) Strophomenids secrete thin shells with fine radial ornaments (costellae) and long straight hingelines. 

(3c) Spiriferids typically have long hinge lines, and their shape is commonly compared to the winged insignia of airline pilots. The radial ridges are usually more developed than in the strophomenids.

(3d) Terebratulids have shells that are typically smooth, thick and elongate.  Most of the living brachiopods belong to this group but the first representatives appeared in mid-Paleozoic rocks.

(3e) Rhynchonellids are characterized by a short hingeline and triangular shape. Paleozoic genera often show very coarse ribbing (called costae).

(3f) Pentamerids are mid-Paleozoic brachiopods that secreted mostly large, smooth, thick shells.  In specimens preserved as internal molds, prominent grooves mark the position of platforms to which muscles were attached. The muscles, shorter, could exert a stronger pull on the heavy valves.

Question 4: SHELL SHAPES
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Specific terms are used to described the shell shapes displayed by brachiopods. Use this figure to name the shell shapes displayed by four  genera on display (4a, b, c, d). 

A, B: biconvex

C: plano-convex

D, E: concavo-convex

F: convexo-concave 

G: convexo-concave

H: resupinate (brachial = convex to concave); I: convexo-plane

Structure of the BRACHIAL and PEDICLE VALVES

How can you recognize that you are looking at the interior of a single valve (5a)? Identify and draw the interior of a single valve among the few set aside for this purpose (e.g., Rafinesquina, Strophomena or Strophonella ) (5b). Label as many features as you can see: cardinal process, muscle scars, pedicle opening, etc. Determine if you are dealing with a brachial or a pedicle valve. If the muscle scars were well preserved on the valve you chose,  would they have been left by the adductor muscles or the diductor muscles (5c)?
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The teeth are borne on the pedicle valve (A, on the left), and matching  sockets are found on the brachial valve (B, on the right).  Note that the pedicle valve is the larger valve. This example shows a triangular foramen (opening) where the pedicle was protruding.

In some brachiopods the pedicle was reduced and the shell rested free on the ocean floor.  Make a sketch of the hinge area of the shell so that you show  the foramen  (a technical term for the opening through which the pedicle normally protrudes) of Spinocyrtia and Strophomena (6a).  In which genus has the pedicle been lost (6b)?

SPINY BRACHIOPODS

Productids and chonetids are suborders. To which order do they belong (7a)? Examine and draw one of the following genera of brachiopods: Marginifera or Linoproductus (7b). What was the purpose of the little bumps visible on the surface of the shells (7c)? Note that the front of the productid shell is also commonly broken. This often happens during collecting  because the front of the  shell extended into a flat, thin margin called a "trail" that allowed the buried organism to have access to water above the surface of the sediment.

BRACHIDIA

Examine Mucrospirifer or Athyris, spiriferids that were cut and polished or broken to show the spiral-shaped calcite ribbon inside, also called a brachidium. Sketch one example. What is the function of this ribbon (8a)? Which valve (brachial or pedicle) carries the brachidium (8b)?  Examine also the other specimens with different types of brachidia.  There is also a slab where some partly broken shells show this structure.

MODES OF FOSSILIZATION

Examine the three specimens set aside for question 9a, 9b, 9c. Describe, in each case, the evidence that lets you identify their modes of preservation (permineralization, interior/exterior mold or cast, replacement)?  Note that you can only recognize without ambiguity a cast if you have the matching mold, or if you prepare a thin section to see if the actual shell microstructure is present. Permineralization occurs in brachiopod shells but its effects are not visible because the size of the pores through the valves is microscopic.
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SHELL ORNAMENTATION

Examine examples of rhynchonellid brachiopods. How do you expect the flow rate of water entering the shell to change as the shape of the commissure is modified from a straight to a zigzag shape (10a)? 

What might be the advantage of the zigzag shape at the commissure, i.e. the area of the shell where the brachial and pedicle valve gape  to let water in (10b)? The diagram above shows how particles of different sizes can get in along the commissure. 

Compare the specimen of Recent rhynchonellids and terebratulids. Is the pedicle functional in all genera (11a)? How does the ornamentation of the shell identify one genus as a rhynchonellid and the others as terebratulids (11b)?

Examine the huge slab of limestone in the lobby of the museum, crawling with brachiopods. Can you find more than one type of brachiopod? Sketch their overall shell shapes (12a).

To which order (orthid, strophomenid, pentamerid, rhynchonellid, spiriferid or terebratulid) would you assign them, given their overall shell shape and ornamentation (12b)?

Label on your sketch the characters that you used for identification (12c).

A HAPPY PAIR?

Did one of the two animals have to die before the other one could attach itself to it, or could this have been a mutually beneficial arrangement (13)? Justify your answer by explaining where the soft parts of each animal would have been present (don’t forget the tentacles equipped with stinging cells that the rugose coral is thought to have possessed).

ESSENTIALS OF BRACHIOPODS

Exclusively marine, non-colonial, bilaterally symmetrical, two-valved, sessile, suspension feeders.

Soft parts 


- fleshy mantle secretes the two valves and coats their inside.

- a breathing and food-gathering lophophore in the the front part of the cavity between the valves

- other internal organs are behind a dividing wall that includes the mouth.

- pedicle attaches the brachiopod to a substrate. Protrudes between inarticulated valves or through an opening of the pedicle valve. May atrophy in brachiopods that lie in soft sediments.

Hard parts: 2 dissimilar valves

i) brachial valve: smaller size, bears attachments for lophophore (small calcareous processes, short arms, complex  loops or spiral ribbons directed upward or  laterally, rarely inward), cardinal process (knob) for attachment of diductor muscles for opening the valves, adductor muscle scars and sockets (depressions) on both sides of the cardinal process.

ii) pedicle valve: larger size, hole for pedicle (if functional), 2 sets of muscle scars (adductors & diductors), teeth for articulation.

3 main groups (identified as three classes in some taxonomic schemes)

i) Chitinophosphatic inarticulate brachiopods: no hinge teeth, complex muscles hold the valves together. Main order: lingulids.

ii) Aragonitic inarticulate brachiopods: poorly developed pedicle and teeth/socket at the hinge. Main order: trimerellids.

iii) Calcitic articulate brachiopods: interlocking teeth and sockets at hinge, 2 sets of muscles (adductors and diductors) to move the valves. Main orders: orthids, strophomenids, spiriferids (including atrypids), pentamerids, terebratulids (surviving)

Geological history:


Cambrian - largely chitinophosphatic inarticulates, few articulate (orthids).


Ordovician - adaptive radiation of orthids, strophomenids, rhynchonellids


Silurian - pentamerids abundant


Devonian - dominated by spiriferids, atrypids, terebratulids


Carboniferous-Permian - productids, richtofenid


End of Permian - extinction for most groups except terebratulids


Mesozoic to Recent - terebratulids, rhynchonellids, aragonitic inarticulates

Moderately good Paleozoic index fossils. Good diversity but most genera were rather long-lived.  Being benthic (like trilobites), most genera of brachiopods show facies preferences and provinciality (did not cross land bridges or deep oceans).

