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Phylum- Brachiopoda

- aka lampshells
- Belong to the group lophophorates (lophophore is the feeding organ in brachiopods)

oy

Other lophophorates

are: bryozoans,
lophophore entoprocta and

phoronida

- FA of brachiopods in

ke it e Cambrian and then

Land Shallow Ocean Deep Ocean diversified throughout the
Paleozoic

- low-level suspension
feeders; benthic mode of

life
Intertidal zone
Offshore area
Continental shelf = - Habitat- intertidal
zone to abyssal
Continental slope depths

Abyssal plan



Three sub-phyla:

1. Linguliformean- has organophosphatic shell

2. Craniiformean- has organocarbonate shell
3. Rhynchonelliformean- has calcitic shell

Linguliformean:

e.g. Lingula

» Shells develop from planktotrophic larval
stage

* Opening and closing of valves is
achieved by complex system of muscles

» Paterinates are the oldest group of
brachiopods, appearing in the
Tommotian Stage of early Cambrian

(a) internal features of a lingulate,
(b) exterior of a burrowing lingulate,
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Craniiformean

e.g. Crania

» Shell organocarbonate

« Animal developed separate dorsal and ventral
mantle lobes after the settlement of the larvae on
the seabed during nektobenthonic stage

* Limited swimming, mostly bottom dwelling

(c) internal terminology of a craniform

median muscle scar
posterior adductor scar

anterior adductor scar
oblique lateral scar
brachial

protractor
muscle scar

Both, Linguliformeans and Craniiformeans belong to Inarticulate Brachiopods



Dorsal valve

Ventral valve

Pedicke foramen
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Rhynchonelliformean e e

(d) internal features of a terebratulide, (e)

external terminology of a typical articulate, (f) (:;,:,"' S plates
internal terminology of both valves of a (S, «.,..W.m.:::
terebratulide N L 2
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« Calcitic valves

* Mantle lobes are fused posteriorly, :
where the interareas are secreted, [~ JAR B e Hinge axs
they later form the hinge AN\ e [

» Articulation was achieved by ventral Addiactop 3
teeth and dorsal socket .

» Valves opened and closed by the
opposing diductor and adductor
muscles
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Lophophore mouth /
* Feeding organ j
- Dorsal valve contains the lophophore !r«nhul pof bracisia
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Why do we call these tentacles a lophophore?

Because these tentacles have several distinctive characteristics that differentiate them
from the tentacles of other animals. First, these tentacles are hollow. Hollow cavities in
the bodies of animals (except for the gut) are called coeloms: for all brachiopods,

phoronids and bryozoans, the hollow cavity in the lophophore is the second of the three
divisions of the coelom in the entire body. Furthermore, the mouth is always located
inside the lophophore ring of tentacles, while the anus lies outside the ring. Finally, the
lophophore tentacles are covered with cilia in a specific arrangement that are
responsible for generating a current of water that flows toward the mouth.
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A fossil of Spiriferina rostrata with
visible skeleton of the lophophore



shell composition
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calcium phosphate (apatite) Hedge calcium carbonate (calcite) -- “organic”



musculature

Adductors contracted

Hinge axis —————

Diductors
relaxed

Adductors relaxed

Hinge axis —

Diductors
contracted

Dorsal valve

Ventral valve

Dorsal —
adjustor
muscle

Adductor - —— 78 /)

muscle

Diductor ——

muscle

entra
adjustor
muscle

Number

Function

Close the shell by contraction;
they are stretched when shell
is open, relaxed when it is
closed

B
Name of muscles
Adductors 2
Diductors:
Principal diductors 2
Accessory diductors 2

Open the shell by contraction;
they are relaxed when the
shell is closed




Inarticulata Articulata

1. Valves lack tooth and socket and are

held by muscles only. 1. Valves hinged by teeth in pedicle valve

and socket in brachial valve.

2. Usually organophosphatic in

- 2. Shells are calcareous in composition.
composition, rarely calcareous. P

3. Have fleshy muscular pedicle. 3. Pedicle made of dead horny material.
4. Long-ranging and more diverse and

4. Long-ranging and less diverse and
ong-ranging a v abundant.

abundant.

e.g. Lingula e.g. Rhynchonella, Productus, etc.

l Hinge in Brachiopods



Paleoecology and Valve Shape

Infaunal: Living totally buried within the sediment. Brachiopods living this way are oriented posterior downward,
and are usually stabilized by their downward projecting pedicle. Lingulid |nart|culates are among the only
brachiopods to exploit this infaunal environment. g 2

Semi-Infaunal: In this position, the animal is oriented
vertically (posterior downward) and is only partially
buried in the sediment; they may or may not be
attached by their pedicle.

Reclining: In this position, the animal is in effect floating horizontally on (or
partially within) the sediment with the pedicle valve as the lower valve.
Generally, reclining brachiopods have a concavo-convex or plano-
convex shape. Other modifications include large surface area and
spines to help the critter float. The pedicle opening is usually not
present.

Epifaunal: In this position, the brachiopod is attached
either to the sediment or other object (e.g., marine
plants) by their pedicle.




General Morphology of Brachiopod Shell
Shape

©T Q0o

bivalved, inequivalved, equilateral

Plane of symmetry bisects the valves into similar halves by passing through the
beaks of valves posteriorly and through the middle of the anterior margin
Different shapes are: (shape of brachial valves described first)

Biconvex (Conchidium)

Dorsi-biconvex (Atrypa)

Plano-convex (Orthida)

Concavo-convex (Productus)

Resupinate (concavo-convex in early growth stages, but reverses to convexo-
concave in maturity, e.g. Strophomena).

Concavo-convex (Rafinsequina)
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Dimensions
Length, Breadth, Height
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The embryonic shell is known as Protegulum. As the growth proceeds, calcium
phosphate or calcium cabonate is added to the protegulum, chiefly along the anterior
and lateral margins. Marginal increments are indicated by the growth lines, spaced at
irregular intervals on the valve surface and seem to indicate periods of marked
retardation of shell growth.

Brachiopods possess both planktotrophic

and lecitotrophic larvae. The planktotrophic

stage may have been the most primitive,

spending some time in the plankton, whereas
lecitotrophic larvae lurking in the benthos

may have developed at least twice. This

obviously has important consequences for

brachiopod dispersion. Since many linguliformeans are
widespread it is assumed they had planktotrophic
larvae in contrast to the more endemic

rhynchonelliformeans with possible lecitotrophic larvae.

Development of outline and form

—— Hemiperipheral

Holoperipheral

—— Mixoperipheral






Nature of commissure and types of folding
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Classification and stratigraphic distribution of the Brachiopoda. (Courtesy of Sandra Carlson.)



Brachiopod shells can be very variable in shape. A single species can even mimic the outlines of a range of
different orders. For example specimens of Terebratalia transversa from around the San Juan islands, western
USA, show Spirifer-, Atrypa- and Terebratula- type morphs with increasing strengths of currents.

“Spirifer” - type “Atrypa” - type “Terebratula” - type

increasing hydroenergy

Morphological variation in Terebratalia from the San Juan islands related to changing hydrodynamic conditions.
(From Schumann 1991.)



Representatives of the main orders of non-articulates and
articulates. Non-articulates:

(a) Pseudolingula (Ordovician lingulide), (b) Nushibella
(Ordovician siphonotretide), (c) Numericoma (Ordovician
acrotretide), (d) Dinobolus (Silurian trimerellide) and (e)
Crania (Paleogene craniide). Articulates: (f) Sulevorthis
(Ordovician orthide), (g) Rafinesquina (Ordovician
strophomenide), (h) Grandaurispina (Permian productide),
(i) Marginifera (Permian productide), (j) Cyclacantharia
(Permian richthofeniid), (k) Neospirifera (Permian
spiriferide), (I, m) Rostricelulla (Ordovician rhynchonellide)
and (n, o) Tichosina (Pleistocene terebratulide).
Magnification approximately X2 (a, e-g, I, m), x8 (b),

X 60 (c), x1 (d, h—k, n, 0). (Courtesy of Lars Holmer (a),
Michael Bassett (g), Robin Cocks (j) and Richard Grant (h,
i, k, 1).)



LIFESTYLE BRACHIOPOD TAXA ADAPTATIONS

Attached by pedicle

Epifaunal - hard sub ) Orthides, thynchonellides,

(plenipedunculate) spiriferides and terabratulides

Epifaunal - soft substrate (2) Chlidonophora and Cryptop

(rhi te)

Cryptic Argyrothea and Tercbratuling

Interstitial Acrorretides and Gwynia

Cemented Cramiops and Schuchertella

Encrusting (3) Craniids and disciniids

Clasping spines (4) Linoproductus and Temasp

Mantle fibers Orthotetoids

Unattached

Cosupportive (5) Pentamerids and trimerellids

Coral-like (6) Gemmellaroids and
richthofeniids

Recumbent Strophomenides

Pscudofaunal (7) and inverted (8) | Waagenocomcha and Marginifera

Free-living (9, 10) Cyrtia, Chonetes, Neothyris
and Tercbratella

Mobile

Infaunal (11) Linguloids

Semi-infaunal (12) Camerisma and Magading

Brachiopod lifestyles. (Courtesy of David Harper and Roisin Moran.)
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Mesozoic palaeocommunities developed across Alpine Europe. Numbers 1 to 7 refer to the seven different
biotypes described on the figure. (Based on Ager, D.V. 1965. Palaeogeogr. Palaeoclimatol. Palaeoecol. 1.)



Figure 12.13

Brachiopod predation: boring of Oichnus paraboloides in the conjoined valves of Terebratulina
from the Pleistocene rocks of Barbados. Scale bar is in millimeters. (Courtesy of Stephen
Donovan.)



The relatively stable brachiopod shell substance can tell much about the secretion of the
shell but also about environmental conditions at the time of deposition. The ratio of
iIsotopes within the crystal lattice of the brachiopod shell was often controlled by the
provenance of the chemical elements (marine or terrestrial) and temperature and salinity
of the sea-water. Carbon, oxygen and strontium isotopes are particularly useful.
Devonian brachiopod shells from North America, Spain, Morocco, Siberia, China and
Germany analyzed for stable isotopes (612C, 80 and 87Sr/86Sr) have provided many
new data on the termination of the Caledonian Orogeny (decrease in the 87Sr/86Sr ratio
due to limited influx of freshwater), uplift during the Variscan Orogeny (increase in
87Sr/80Sr ratio due to increased influx of freshwater) and Devonian climate warming
(negative 5180 excursions) together with increased rates of carbon burial signaled by
positive 813C excursions (van Geldern et al. 2006).



