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Overview

‣Research aims
‣How and why silica use in marine 

microplankton has changed through 
evolutionary time
‣Elucidate evolutionary strategies and 

mechanisms by documenting changes in 
morphology of siliceous skeletons

‣Projects
‣1: Empirical, discrete character based diatom morphospace 
‣2: Quantifying radiolarian silicification in Cenozoic evolutionary lineages



Diatom morphospace: What’s a morphospace?

Raup, 1966

‣An n-dimensional space encompassing the possible shapes a group of 
organisms can take, where each of the n axes represents some character

‣Each point in the space represents the morphology of an organism

‣Theoretical morphospaces are “n-dimensional geometric hyperspaces 
produced by systematically varying the parameter values of a geometric 
model of form” (McGhee, 1991)

‣Empirical morphospaces are 
“multidimensional morphological 
spaces produced from the 
mathematical analysis of actual 
measurement data” (McGhee, 1991)

‣Morphospaces provide bridge 
between plankton diversity and 
functional morphology (e.g. Hamm, 2003)



1! 2! 3! 4! 5! 6! 7! 8! 9!

A! 0! 1! 1! 1! 0! 1! 2! 0! 3!

B! 0! 2! 1! 1! 1! 0! 0! 2! 3!

C! 1! 0! 1! 3! 2! 3! 3! 1! 0!

D! 1! 0! 1! 3! 2! 3! 1! 2! 2!

E! 0! 0! 1! 0! 0! 0! 2! 1! 2!

F! 1! 1! 1! 1! 0! 1! 2! 0! 3!

G! 0! 0! 1! 2! 2! 3! 3! 1! 0!

H! 1! 0! 1! 3! 2! 3! 1! 2! 2!

I! 1! 2! 1! 0! 2! 1! 2! 1! 2!
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Diatom morphospace: Using unbiased terminology

“striae”
Decussate-punctate, lineolate, radiate, 
alveolate, transverse and longitudinal, 

transverse and oblique, punctate, alveolate...

“areolae”
Tangential (straight rows or curved concave 
rows), radial (with secondary rows in spirals, 

fasciculate, curvatulus),...

=

Character 0 1 2 3 4
Shape of structural pattern 
center of primary silica ribs

Ring-shaped principal rib 
(annulus)

Linear principal rib (sternum)

Packing/coordination of 
pores

Hexagonal Square In rows Scattered irregularly

If hexagonal, arrangement of 
pores

In straight rows (for centrics, 
lineata-type tangential 
areolation; for pennates, 
decussate-punctate and 
tranverse-oblique striate) 

In straight rows, but 
collected in radial bundles 
(radial fasciculate)

In curved rows, collected in  
radial bundles with curved 
edges (radial fasciculate, 
curvatulus type)

With secondary rows in 
spirals

In rows concave towards 
margin (eccentrica type)

If square or in rows, 
orientation of pore rows 
relative to structural pattern 
center

Orthogonal to structural 
pattern center/sternum (for 
centrics, radial areolation; for 
pennates, transverse and 
longitudinal striae)

Orientation variable along 
pattern center 

Orientation variable along 
pattern center, parallel to one 
edge of the valve

If arrangement of pores 
variable along pattern center, 
angle with pattern center in 
the middle of the diatom 

Orthogonal Divergent (radiating) Convergent

If arrangement of pores 
variable along pattern center, 
angle with pattern center at 
the apices of the valve

Orthogonal Divergent (radiating) Convergent

If pores in rows ("striae" in 
pennates), number of rows 
per striation

One (in pennates, uniseriate) Two (in pennates, biseriate)
Three or more (in pennates, 
multiseriate)

Uniformity of pore size Uniform/homogeneous
Larger at pattern center, 
becoming smaller toward 
margin

Smaller at pattern center, 
becoming larger toward 
margin

Irregular

Pore size Fine Normal Coarse

Very large (with a 
diameter a quarter of the 
shortest radius of the 
valve face, or larger)

Pore shape Circular Oval Quadrate Rectangular (but not 
quadrate)

Quadrangular (but not 
rectangular)

Average proximity of 
pores

Closely packed (edges of 
pores less than one pore 
radius apart)

Loosely packed (edges of 
pores more than one pore 
radius but not much more 
than one pore diameter 
apart)

Isolated pores (edges of 
pores more than one pore 
diameter apart)

Regularity of pore 
proximity/spacing Regular Irregular: more closely 

spaced at poles
Irregular: more widely 
spaced at poles

Irregular: more closely 
spaced at margins

Irregular: more widely 
spaced at margins

Domed areolae Absent Present

Pore openings at external 
valve surface No constriction Foramen Velum

Pore openings at internal 
valve surface No constriction Foramen Velum
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(Diatom data from NEPTUNE database, as reported in Finkel et al., 2005)

O/E

Radiolarian silicification: Assemblage-level evolution



Radiolarian silicification: Evolution within lineages?



Radiolarian silicification: Lineages chosen for study

101 slides drawn from the IODP MRC at the Smithsonian (Washington, DC)

RADIOLARIAN CLASSIFICATION 

torially constricted ellipsoids, usually without 
internal spicule, and generally much smaller 
than orosphaerids. 

Remarks.-This emendation of the family 
definition applied earlier (Riedel, 1967) simply 
excludes the artiscins from the actinommids. 

Family COCCODISCIDAE Haeckel, 1862, 
emend. herein 

Definition.-Discoidal forms consisting of 
a lenticular cortical shell enclosing a small sin- 
gle or double medullary shell, and surrounded 
by an equatorial zone of spongy or concentri- 
cally-chambered structure, OR forms with el- 
lipsoidal cortical shell, usually equatorially 
constricted and enclosing a single or double 
medullary shell, the opposite poles of the shell 
generally bearing spongy columns and/or sin- 
gle or multiple latticed caps. 

Remarks.-This emendation of the family 
definition applied earlier (Riedel and Sanfilip- 
po, 1977) simply admits the artiscins as well 
as the coccodiscins. The definition is awk- 
ward, but necessarily so in order to accom- 
modate this monophyletic group which under- 
went profound morphological changes during 
its evolution. 

Subfamily COCCODISCINAE Haeckel, 1862 

Definition. -Discoidal coccodiscids. 
Remarks.--This subfamily includes only the 

genus Lithocyclia Ehrenberg 1847, sensu Rie- 
del and Sanfilippo, 1970. 
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TEXT-FIG. 1-Selected artiscins illustrating the 
proposed generic revision. Lines of circles rep- 
resent former generic separations (Ommatartus 
above, Cannartus below), and dashed lines the 
revised separations (Didymocyrtis on the left and 
Diartus on the right). a, Lithocyclia angusta. b, 
spherical form intermediate between L. angusta 
and Didymocyrtis prismatica. c, Didymocyrtis 
prismatica (formerly Cannartus prismaticus). d, 
Didymocyrtis violina (formerly Cannartus violi- 
na). e, Didymocyrtis laticonus (formerly Can- 
nartus laticonus). f, Didymocyrtis penultima 
(formerly Ommatartus penultimus). g, Didymo- 
cyrtis tetrathalamus (formerly Ommatartus tetra- 
thalamus). h, Diartus petterssoni (Formerly Can- 
nartus petterssoni). i, Diartus hughesi (formerly 
Ommatartus hughesi). All magnified x230. 
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Didymocyrtis–Diartus
Lithocyclia angusta, Didymocyrtis prismatica,
Didymocyrtis violina, Didymocyrtis laticonus, 
Didymocyrtis mammifera, Didymocyrtis 
antepenultima, Didymocyrtis penultima, 
Didymocyrtis tetrathalamus, Didymocyrtis avita, 
Diartus petterssonii, Diartus hughesi

Artophormis
Artophormis barbadensis, Artophormis gracilis

Stichocorys
Stichocorys delmontensis, Stichocorys peregrina, 
Stichocorys wolffii

Centrobotrys
Centrobotrys gravida, Centrobotrys 
petrushevskayae, Centrobotrys thermophila

Phormocyrtis
Phormocyrtis striata striata, Phormocyrtis striata 
exquisita



Radiolarian silicification: Storing data in relational databases

‣Flat file databases (like Excel) store all data in one table of rows and columns
‣Relational databases (like SQL) store data in many tables; each table holds 

data related to a particular entity type, the columns describing its attributes
‣Avoid duplication of data (e.g. recording latitude for each measurement)
‣Avoid errors in data entry, manipulation (information is in one place only)
‣Efficient storage
‣Easy to bring data into new and unanticipated relationships



Radiolarian silicification: Storing data in relational databases

Measurements

Measurement ID
Individual ID
Measurement type
Measurement
Associated image file

Individuals

Individual ID
Slide ID
Species
Comment

Slides

Slide ID
Hole ID
Depth
Age
Preservation

Holes

Hole ID
Latitude
Longitude A relational database for making and storing

radiolarian morphometric measurements

RadData

‣Flat file databases (like Excel) store all data in one table of rows and columns
‣Relational databases (like SQL) store data in many tables; each table holds 

data related to a particular entity type, the columns describing its attributes
‣Avoid duplication of data (e.g. recording latitude for each measurement)
‣Avoid errors in data entry, manipulation (information is in one place only)
‣Efficient storage
‣Easy to bring data into new and unanticipated relationships



Radiolarian silicification: Measurement protocol & interface

EOS Utility ImageJ

R
RadData database interface script

SQLite
RadData.db database file

Digital image capture Measurement

Parameters to be 
measured are displayed

Measurements 
transferred

Data analysis



Other projects: CLSM and FIB-SEM of diatoms

‣Tested a number of fluorescent dyes with diatoms, identified good dye
‣Measurement too time-intensive to adequately sample morphospace through time

Epoxy died with 
fluorescein

FluoresceinCalcofluor Ruthenium red Fluorescein Na salt
(→ video)

‣Developed protocol for measuring diatom silicification using FIB-SEM
‣Again, too time-intensive to quantify assemblage-level silicification through time



Conclusion: Outlook

‣Diatom morphospace
‣Coding of character states for 147 characters in 128 genera underway

‣Radiolarian lineages
‣Measurement of five lineages in 101 ODP samples underway

‣Further projects
‣Uncovering the true diversity history of diatoms—correcting for variable sampling 

intensity through time, effects of geographic structure of diversity, relative 
abundance distributions, and the environmental context

‣Timeline
‣Expect projects to be completed in next 14 months


