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Ocean Phytoplankton and the Carbon Cycle

• Coccolithophores and Diatoms together make up nearly 1/2 global carbon cycle

• Over periods < ca 10,000 years, only diatoms remove excess carbon from system

Leibniz-Zentrum für Marine Tropenökologie:
www.zmt-bremen.de/Kohlenstoff-_und_Naehrstoffkreislaeufe.html

Coccolithophores Diatoms
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• Diversity and climate strongly correlated (raw ρ=.92, detrended r=.6, p<.001)

• Late/Mid Miocene (5-15 Ma) diversity significantly lower (up to 30%)

• Late/Mid Miocene pCO2 in range of projected future global warming climate

• If late/mid Miocene oceans are analog to future warm oceans then equilibrium future ocean 
diatom diversity may be lower [substantial extinction risk]

Diatom Diversity and Climate: a study from Fossils

!om Lazarus et al. submitted.
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Micropaleontology in the Oil Industry



Applied Data is 
linked to names: 
example from 
paleoclimate 
research

• Fragment of data used by CLIMAP in ground-breaking study 
of past glacial ocean climates, ca 1980

• 1/4 names used in this study now have different names



Mis-Identifications Damage Quality of 
Applied Research Results

•Named taxa represent other data in analyses, based on 
ecologic preferences of the species: 

•Water temperature

•Nutrients and productivity

•Water depth

• Incorrect names introduce incorrect values for these other 
data into analysis

• Incorrect conclusions e.g. about global warming, or likely 
presence of oil can result



Taxonomic Catalogs
(previously, printed monographs, 

today digitally online)



Why are taxonomic backbone databases 
needed?

Cycladophora davisiana - an important stratigraphic marker 
and paleoceanographic indicator species

1862 Cycladophora (?) davisiana - Ehrenberg p. 297
1862 Pterocodon davisianus - Ehrenberg pp. 300-301
1862 Pterocanium davisianus - Haeckel p. 332
1862 Eucyrtidium davisianum - Haeckel pp. 328-329
1887 Stichopilium davisianum - Haeckel pp. 1437-1438
1958 Theocalyptra davisiana - Riedel p. 239; pl. 4, figs. 2-3; textfig. 10
1967 Cycladophora davisiana - Petrushevskaya pp. 120-122; fig. 69
1973 Clathrocyloma davisiana - Dumitrica p. 837; pl. 24, fig. 7
1977 Diplocyclas davisiana - Kruglikova p. 92, figs. 4-5; p. 96, figs. 19-23
1980 Cycladophora davisiana var. davisiana - Morley p. 206; pl. 1, figs. 1-5
1996 Cycladophora davisiana davisiana - Welling pp. 240-241; pl. 23, fig. 9
   -    Corythospyris davisiana davisiana - ODP Janus db transcription error



A Cross-Reference List for Taxonomic 
Names

(Here, two species of radiolarians)



Taxonomic Backbones

Paleoceanographic db Isotope data 
from species

Paleo Occurrences db Fossil Occurences 
of a species

User query: what isotope 
data exists for species X, 
and where is X found?

Portal
Taxonomic 

backbone db

data recordsdatabase sw

Names, 
Synonyms

Ocean Ecology db Living Occurences 
of a species



Neptune/NSB

• Recast (ca 2005) as standard sql 
internet database by Chronos Iowa 
(Cervato, Diver, Fils and others)

• ‘Curation only’ version at COL

• ‘Researcher’ version NSB (for ‘Neptune Sandbox 
Berlin’) initiated 2010 by Lazarus and Diver w. 
funding from CEES Oslo (Stenseth, Liow)

• Neptune used in >40 ISI publications, including 
several in Nature, Science and PNAS

• Initiated in early 1990s as local database by Lazarus & ETH  
team, as marine micropaleontologic counterpart to Sepkoski db 
& to fill gap in ODP capabilities (Janus shipboard data only, 
mostly raw data archive)

Ames, Iowa

ETH, Zürich

MfN Berlin

www.chronos.org or 212.201.100.111 

http://www.pbdb.org
http://www.pbdb.org


Basic Structure of Neptune

•Occurrences of 
species in samples

•Additional location 
etc info in Holes table

•Age models auto-
calculate ages for 
each sample

•Multiple samples per 
age model, each hole 
can have multiple age 
models

•Only one GPTS scale 
used for all models 
internally

Occurrences

Samples

Hole InfoTaxa

Age Models



Neptune Taxonomy

•Atomic name components, 
including concept (Author/
Year)

• Simple equal/distinct, global 
relations 

•Content based on IODP 
supported initial TNL

•Additional development 
needed

Species Names

DSDP Code

Group

Genus

Species

Subspecies

Validity

Synonymous To

Author

Date

Comments



NSB Database uses a ‘TNL’ to understand taxonomy



IODP TNL Project

• Multiple institutions, platforms in IODP; continued 
problems with paleontology data management led to 
2006 Houston meeting on IODP paleontology data

• Paleontology Coordination Group (PCG) formed, first 
meeting 2007 Berlin.  

• Advisory function, community and IODP staff as co-chairs

• Goals - improve paleontologic data entry, data 
management, data quality within all aspects of IODP 



Taxonomic Name 
Lists (TNLs)

• First priority for PCG : creation 
of scientifically useful taxonomic 
name lists for IODP databases, 
data-entry applications, etc.

• Current IODP taxonomy data 
undocumented mixture of valid 
names, synonyms, open-
nomenclature, misspellings, etc 
without any quality control

• Community editors/teams found 
for planktonic foraminifera, 
calcareous nannofossils, diatoms 
and radiolarians, dinoflagellates, 
contracts signed fall 2008; final 
lists now ~ready

Dave Lazarus Nori Suzuki

Pat Diver

Masao Iwai

Kris Hooks Brian Huber

Jackie Lees

Woody Wise

Jeremy Young

Susanne
Fiest-Burkhardt

Project head 
David Lazarus 

IT Services
Patrick Diver
  
IODP PCG cochairs 
Jamus Collier
Hiroshi Kawamura
Emmanuel Söding
      
PCG members
Yoshiaki Aita
Susanne Feist-Burkhardt 
Brian Huber 
Masao Iwai 
Jackie Lees 
Noritoshi Suzuki 
Ellen Thomas
Woody Wise

Additional taxonomic 
work
Fumio Akiba
 Jean-Pierre Caulet
 Jane Dolven 
Dave Harwood 
Kris Hooks
Annika Sanfilippo 
Itsuki Suto



TNL Features

• Covers all names reported in DSDP or ODP

• Each name’s status given (valid, synonym, subspecies, open-
nomenclature, misspelling, higher taxon, etc) [partially from Neptune, 
updated by specialists]

• Synonyms/misspellings/subspecies linked to valid taxon name (newly 
entered if not present)

• Author/year for all valid taxa names

• NOT an attempt to impose ‘authorised’ taxonomy (user can alter 
output) but to make some sense out of names chaos in raw data

• Wi$ replace older lists in NSB, a$ow better data exchange between IODP, 
Neptune, PBDB etc, improve data entry/quality within IODP



Practice - Editing a Record



Radiolarian TNL, ‘final’
Original Final N change %change

Total Records
Status records
Valid species

Recent
Neogene

Paleogene
Mesozoic

Synonyms
Generic

Unknown
Questionable

Subspecies*
Incorrect group

17 155 17 348 193 1,13
3 416 4 260 844 24,71
1 164 1 639 475 40,81

421
393
469
356

643 975 332 51,63
466 821 355 76,18
740 345 -395 -53,38
388 417 29 7,47

0 24 24 (-)
2 39 37 (-)



Long-term goal: Federated Database 
Structures

• Federated system for 
managing deep-sea 
micropaleontology data

•All individual dbs exist, a 
few are provisionally 
linked

•Central TNL db manages 
a ‘key field’ for 
meaningful data 
exchange

•Central TNL db 
development started but 
on hold ($)

IODP/
JANUS

Micropaleo,

geochem

sedimentologic

Data

*

Primary Core

Collections

MRCs

Micropaleo

Reference

Collections

DTDs

Full Reference 

Taxonomic 

Information
CHRONOS/ 
Neptune

Marine 

micropaleo 

occurrence

Data

*

Age Model 

Data

*

Chronostrati-

graphic Toolkit

PBDB

(Micropaleo)

Land section

Data

*

Paleobiology 

Toolkit

Master Taxa 
Name List

Taxon.
Catalogs



Summary

Our new effort will
 -  provide a complete taxonomic list of marine microfossils and their 
living representatives
 - finish the technology development to support this list (core db 
system; editorial website, name-service to external users)
 - substantially improve the quality of data used in research by IODP, 
community research databases e.g. Neptune; EOL; WoRMS
 - eventually provide online catalogs for those groups still lacking 
these (e.g. diatoms, benthic foraminifera), or for which catalogs are still 
seriously incomplete (radiolaria, planktonic foraminifera)


