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Local: NMNH Paleo Global

10,042,739  GBIF Fossil Occurrences

2012: Darwin Core (DwC) Standard 

662,353 (+-) Fossil Occurrence Records

1970-present: Creation of digital records

❖ What data do we share?
❖ What isn’t being shared? Why?
❖ Is the data clean and standardized?
❖ Are there other data formats or standards 

we could be sharing in?
➢ New terms needed? TDWG

PALEO IG



NMNH Paleo Data

c8681cc2-9d0a-4c5f-b620-5c753abfe2bc

81 DwC terms
type

references
institutionID

institutionCode
collectionCode

datasetName
basisOfRecord

occurrenceID
catalogNumber
recordNumber

recordedBy
individualCount

sex
lifeStage

preparations
associatedMedia

associatedSequences
otherCatalogNumbers

occurrenceRemarks
associatedOccurrences

fieldNumber
startDayOfYear

endDayOfYear
year
month
day
verbatimEventDate
habitat
fieldNotes
locationID
higherGeography
continent
waterBody
islandGroup
island
country
stateProvince
county
locality
minimumElevationInMeters
maximumElevationInMeters
verbatimElevation
minimumDepthInMeters
maximumDepthInMeters

decimalLatitude
decimalLongitude

geodeticDatum
coordinateUncertaintyInMeters

verbatimLatitude
verbatimLongitude

verbatimCoordinateSystem
georeferenceProtocol
georeferenceRemarks

earliestEraOrLowestErathem
latestEraOrHighestErathem

earliestPeriodOrLowestSystem
latestPeriodOrHighestSystem
earliestEpochOrLowestSeries

latestEpochOrHighestSeries
earliestAgeOrLowestStage

latestAgeOrHighestStage
group

Formation
verbatimDepth

member
identificationQualifier
typeStatus
identifiedBy
scientificName
higherClassification
kingdom
phylum
class
order
family
genus
subgenus
specificEpithet
infraspecificEpithet
taxonRank
scientificNameAuthorship



How can we compare the 
micropaleo collections from the 
NMNH, NHM London, and AMNH? 

- Giles Miller (NHM London)

✔ institutionCode
✔ collectionCode
✔ basisOfRecord
✔ occurrenceID
✔ catalogNumber

✘✔ Event terms
✘✔ Locality terms

Micropaleo Data

Initial Query parameters:

● fossilSpecimen + Foraminifera
● fossilSpecimen + Ostracoda
● datasetName:PAL + Foraminifera
● Ostracoda
● Foraminifera
● datasetName: AMNH MICROFOSSIL

101 DwC Terms used across 3 datasets



Key Elements:

❖ Testing for variation
❖ Generating list of terms and 

relationships between terms
❖ Highlighting points of interest
❖ Noting DwC terms that suggest 

controlled vocabulary

Testing



API Query

Datasets

Type: Occurrence

Metadata containing: Fossil

http://api.gbif.org/v1/dataset/searc
h?q=fossil&type=occurrence

Occurrence Records

basisOfRecord: fossilSpecimen

https://api.gbif.org/v1/occurrence/s
earch?basis_of_record=FOSSIL_SP
ECIMEN

http://api.gbif.org/v1/dataset/search?q=fossil&type=occurrence
http://api.gbif.org/v1/dataset/search?q=fossil&type=occurrence
https://api.gbif.org/v1/occurrence/search?basis_of_record=FOSSIL_SPECIMEN
https://api.gbif.org/v1/occurrence/search?basis_of_record=FOSSIL_SPECIMEN
https://api.gbif.org/v1/occurrence/search?basis_of_record=FOSSIL_SPECIMEN


API Query  Download

Occurrence Records

basisOfRecord: fossilSpecimen

https://api.gbif.org/v1/occurrenc
e/search?basis_of_record=FOSSI
L_SPECIMEN

https://api.gbif.org/v1/occurrence/search?basis_of_record=FOSSIL_SPECIMEN
https://api.gbif.org/v1/occurrence/search?basis_of_record=FOSSIL_SPECIMEN
https://api.gbif.org/v1/occurrence/search?basis_of_record=FOSSIL_SPECIMEN


Datasets

Total datasets: 1646

Tool: Python*

Sources: API Query (160)

dataset list from 
occurrence download 
(1486)

*All scripts still need some debugging and cleaning



1. Query GBIF for datasets with ‘fossil’
2. Extract GBIF dataset Key
3. Query GBIF with dataset key
4. Find DwC-A endpoint
5. Request Zip file from endpoint 
6. Unzip DwC-A
7. Extract metadata for dataset CSV report

Key elements:
● Filtered down to endpoints that were 

tagged as DWC_ARCHIVE 
● Account for inactive links or bad zip files

API Request



API Request

1. Query GBIF for datasets with ‘fossil’
2. Extract GBIF dataset Key
3. Query GBIF with dataset key
4. Find DwC-A endpoint
5. Request Zip file from endpoint
6. Unzip DwC-A
7. Extract metadata for dataset CSV report

Key elements:
● Filtered down to endpoints that were 

tagged as DWC_ARCHIVE
● Account for inactive links or bad zip files



Total datasets: 1476



Meta.xml 
1. Open meta.xml file for each DwC-A
2. Read terms and assign “X” for term presence
3. Count total number of terms
4. Count number of extensions
5. Record extension names
6. Append results to CSV

Key elements:
● Some terms not checked
● Lowercase all terms
● Does not account for poor formatting
● Removed ~900 rows for variations on the same dataset



Total datasets: 244              Average # terms: 32
Da

ta
se

ts

DwC Terms (In all charts terms are ordered by class and as listed in DwC specifications)



occurrence.txt  (.tab) 

1. Load .txt file into dataframe
2. Count number of usages per term
3. Calculate percentage
4. Append results to CSV

Key elements:
● Cannot process .tab files
● Lowercase all terms
● Skip lines with poorly formatted data (negligible)
● Probably includes none paleo data
● Memory errors

○ Run datasets in smaller batches



Top 10% (>75%)
type
modified
language
institutionCode
collectionCode
basisOfRecord
occurrenceID
catalogNumber
countryCode
stateProvince
verbatimLocality
minimumElevationInMeters
MinimumDepthInMeters
namePublishedIn
subgenus
relatedResourceID

Total datasets: 101 Percentages



Total datasets: 101 Percentages

TaxonomyGeo ContextGeoRefLocationEvent



CountsPercentagesPresence
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modified
datasetID
institutionCode
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basisOfRecord
catalogNumber
recordedBy
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eventDate
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geodeticDatum
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scientificName
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Top 10% (>75%)
type
modified
language
institutionCode
collectionCode
basisOfRecord
occurrenceID
catalogNumber
countryCode
stateProvince
verbatimLocality
minimumElevationInMeters
MinimumDepthInMeters
namePublishedIn
subgenus
relatedResourceID



Percent with Fossil filterPercentagesPresence

Top 10% (~200 usages)
modified
datasetID
institutionCode
collectionCode
basisOfRecord
catalogNumber
recordedBy
organismQuantity
organismQuantityType
eventDate
minimumElevationInMeters
minimumDepthInMeters
decimalLatitude
decimalLongitude
geodeticDatum
geologicalContextID
scientificName
kingdom

Top 10% (of 6,152,144 records)
type
modified
institutionCode
collectionCode
basisOfRecord
occurrenceID
catalogNumber
stateProvince
verbatimLocality
minimumElevationInMeters
MinimumDepthInMeters
namePublishedIn
Subgenus 
specificEpithet 
infraspecificEpithet 
scientificNameAuthorship 

Top 10% (>75%)
type
modified
language
institutionCode
collectionCode
basisOfRecord
occurrenceID
catalogNumber
countryCode
stateProvince
verbatimLocality
minimumElevationInMeters
MinimumDepthInMeters
namePublishedIn
subgenus
relatedResourceID



Occurrence 
Records

Occurrences: 10,042,739

Tool: SQL*
BigQuery*

Sources: Occurrence download

*Processing by Luis Villanueva, SI DPO



Usage Counts
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Distinct Values type
language
license
basisOfRecord
sex
lifeStage
reproductiveCondition
behavior
establishmentMeans
occurrenceStatus
preparations
disposition
continent
waterBody
islandGroup
island
countryCode
verbatimSRS
geodeticDatum
georeferenceVerificationStatus
typeStatus
taxonRank
nomenclaturalCode
taxonomicStatus



Controlled Vocabularies



Preparations: 87,058 values

Important Paleo information, but we use it for 
multiple purposes:

- Material Type
- Prep work done 

- By % or action

- Anatomy/Morphology
- Internal notations of work done



CountsPercentagesPresence
Top 10% (~200 usages)
modified
datasetID
institutionCode
collectionCode
basisOfRecord
catalogNumber
recordedBy
organismQuantity
organismQuantityType
eventDate
minimumElevationInMeters
minimumDepthInMeters
decimalLatitude
decimalLongitude
geodeticDatum
geologicalContextID
scientificName
kingdom

Top 10% (>950,000)
modified
institutionCode
collectionCode
basisOfRecord
occurrenceID
catalogNumber
stateProvince
verbatimLocality
minimumElevationInMeters
MinimumDepthInMeters
namePublishedIn
subgenus
specificEpithet
infraspecificEpithet
taxonRank
verbatimTaxonRank
scientificNameAuthorship

Top 10% (>75%)
type
modified
language
institutionCode
collectionCode
basisOfRecord
occurrenceID
catalogNumber
countryCode
stateProvince
verbatimLocality
minimumElevationInMeters
MinimumDepthInMeters
namePublishedIn
subgenus
relatedResourceID

Top 10%
basisOfRecord
collectionCode
institutionCode
scientificName
identifier
catalogNumber
country
kingdom
occurrenceID
recordedBy
modified
genus
decimalLatitude
decimalLongitude
class
phylum
continent
stateProvince
Locality
geodeticDatum
order

Occurrence Counts



Problems

higherTaxonomy - only 30 datasets or 40% of records - Important for Paleo data (CLADES)

taxonRank -  only 41 datasets or 38% of records (verbatimTaxonRank = 25%) with 93 
distinct values

Preparations - only 47 datasets or 30% of records with 87,058 distinct values
We talk about it a lot, but aren’t serving a lot of data and the data we do serve is very 
variable. Is it because we’re not sure what to share?

Extensions - Barely using extensions (14 with multimedia, only 9 other extensions across 
all datasets)



Fixing NMNH Paleo



Conclusions: Community Effort

We all have data problems

There is A LOT of variation in how we map our data

We are underutilizing what is there

Definitely new terms needed

Some easy fixes/cleanup - documentation with the recommended values and formats
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Thank you

Luis Villanueva, Smithsonian 
Digitization Program Office

Adam Mansur, Smithsonian NMNH 
Department of Mineral Sciences

Stack Overflow

GBIF

All of the data providers!

EPICC collections 
network working on an 
Initial Paleo Guideline


