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New collections: meeting multiple needs

Research project goals: Museum & archival goals:

= Collect new fossils = Care and house specimens

= |dentify/describe = Manage and store associated

= Collect data/measure data

= Analyze data = Accessibility

" Publish research = *Digitization of collection
= (Wait! Need repository info records and specimen

and specimen numbers!)

photos
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Research based on new collections:

integrating short and long-term needs

Finding and collecting fossils
1) Collection < Locality data and samples _
Field data (e.g. census counts)
2) Identification/description, etc.

Specimen preparation
3) Curation < Labels & specimen numbers

Organize and storage

L Photograph
4) Digitization < Da:ac;gl::r'; y

Management
Further research use

5) Digital data
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Research based on new collections:

integrating short and long-term needs

Science! Digital measurement

1

Collection m====) Curation ====) Digitization <Ph0tography

Data entry
Data portal
Identification/description Data aggregator
Census data (counts) '
Available to public

and researchers
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An example from ongoing project

Reconstructing a Cretaceous forest

1) Project description

2) Methods & Workflow
-roadblocks and solutions

3) Research and use of digital data




AIM: to address fundamental questions about the structure, diversity,
and functioning of forests during the Late Cretaceous ecological
radiation of angiosperms
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Current Project:

Reconstructing structure & functional diversity of a Cretaceous forest

“Dori’s Tuff” deposit

e South-Central New Mexico; McRae Fm.
* Late Campanian; 74.7 Ma (u-rb, Amato et al. 2017)
» Ashfall bed with little to no transport

* Single depositional event on stable
floodplain

e ~¥1.2 kml!




Project Overview:

Reconstructing structure & functional diversity of a Cretaceous forest

Phase 1. “Build” a forest
-describe taxonomic diversity
-relative abundance of taxa
-spatial structure of community

Phase 2. Measure the forest: quantify

functional diversity
-measure functional leaf traits of all taxa
-reconstruct trait diversity across transect

*quantitative and spatial explicit sampling scheme

*large sample sizes
*digital measurements of georeferenced specimens
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A workflow from field to digital

Field Museum

Trait measurement

1

Collection & ==) Curation ====) Digitization <Ph0tography

Data entry
Data portal
Identification/description Data aggregator

Census data
i1
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Field Work — localities

Established 26 quarry sites spanning deposit:
* each treated as separate locality
* collected relevant site data for each:
* GPS coordinates
* sedimentological info and samples,
quarry dimensions
* photographs

Quarry site:



Field Work — collections and census

At each quarry:
e Bust out rock and expose fossils

*each rock gets a unique field ID number

Rock ID
(collector + number)
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Field Work — collections and census

At each quarry:
e Bust out rock and expose fossils

*each rock gets a unique field ID number

* Census: Identify and record leaf morphotypes by:

1) Relative abundance: number of leaf specimens
2) Percent cover: # of 2-cm line increments crossed (Wing et al. 1993, 2012)

Census: line increments “Keepers” are wrapped an

d labeled

:/é

o

> 6,350 specimens
> 61,718 cm? of rock surface > 1,945 rocks brought to UCMP
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Angiosperms - monocots
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Angiosperms — toothed “dicots”
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The spoils of field work

Trait measurement

1

Collection m===) Curation ====) Digitization <Photography

Data entry
. i lI i Data portal
Identification/description Data aggregator

Census data
|




The transition
7

Spoils:
Locality info
Census databooks

Boxes of fossils Trait measurement

1

Collection ===) Curation ====) Digitization <:PDI;:atzgr:r:rzhv

\ | I !

. L Data portal
Identification/description

Data aggregator
Census data
I 1

Museum
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Museum and Lab: the transition

1) Data entry: census data

2) Unpacking fossils

Matching parts and Boxing and organizing Curatorial log
counterparts into drawers *Rock ID




Museum and Lab: the transition

*Reconcile for

1) Data entry: census data orinting labels
. . with species
2) UnpaCk"“g fossils identifications
Matching parts and Boxing and organizing Curatorial log

counterparts into drawers *Rock ID




101 Drawers to process....

Field
Spoils: Museum
Locality inf
ocality Into The un-censused
Census databooks -
. -specimens that could .
Boxes of fossils ) S Trait measurement
not be identified in field
-new morphotypes t
[ ] [ ] [ ] [ ] [ L J Ph t h
Collection ===) Curation ===) Digitization <_ Da;’a‘;g;frs y
\ II The censused

Identification/description -specimens ID’ed & well-preserved
enough for trait measurements
Census data
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What needs to be done?

1) Identify and census the difficult specimens
2) Prep specimens if necessary
3) Complete descriptions of taxa

4) Curation: assign # to each specimen on each rock
and label; fill out identification cards; enter data

5) Photograph specimens
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Processing: Two Methods

<

Batch processing Integration of tasks

&"W’WR& WorleF\ow)

Bin of leok Spedivens -do everything at

-one type of task at a

[ |
time SRR once!
-flag specimens for

-drawer by drawer,
different processes

processing each

(eleck rimeen) e .
l—‘——"w Pttt specimen completely

. . Line Orowsi e eSS
-let specimens build RS
up until have a |

“batch” to process
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Re-organization and customization of workspace
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Re-organization and customization of workspace

Prep station
Descriptions

White-stripe and census station
Data entry, labels

il

Photography station




L
Re-organization and customization of workspace

Prep station
Descriptions

White-stripe and census station
Data entry




Re-organization and customization of workspace




Shifting pinch-points in the workflow

Batch processing

Analyses
preparation m
-& Science! Trait measurement

Field work ====) Curation + Digitization <:Ph°t°graphy

Data entry
. . o Data portal
Identification/description Data aggregator
Census data '
Available to public

and researchers




Shifting pinch-points in the workflow

Integrated processing

Analyses
preparation m
n Science! Trait measurement

Field work ====) Curation m====) Digitization <:Ph°t°graphy

Data entry
. . o Data portal
Identification/description Data aggregator
Census data '
Available to public

and researchers




Project Overview:

Reconstructing functional diversity of a Cretaceous forest

Phase 1. “Build” a forest
-describe taxonomic diversity
-relative abundance of taxa
-spatial structure of community

Phase 2. Measure the forest: quantify

functional diversity
-measure functional leaf traits of all taxa
-reconstruct trait diversity across transect

*quantitative and spatial explicit sampling scheme

*large sample sizes
*digital measurements of georeferenced specimens
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Taxonomic diversity

From census:
» 158 leaf morphotypes

Species accumulation curves

» Angiosperms: ~89% of
diversity (141 morphotypes)
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Community composition

Relative abundance and % cover

census type
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Community composition

Dominance and rank abundance

Morphotype

Monocot

. Other
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Morphotype

1

Community composition

Dominance and rank abundance
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Community composition

Dominance and rank abundance

l

Redwood relative Zingerberopsis
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Community composition

Dominance and rank abundance

Brachyphyllum sp.

.y

ground cover
tree
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Spatial heterogeneity
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*Also beta diversity; Sorenson’s index by quarry distance



Project Overview:

Reconstructing functional diversity of a Cretaceous forest

Phase 1. “Build” a forest
-describe taxonomic diversity
-relative abundance of taxa
-spatial structure of community

Phase 2. Measure the forest: quantify

functional diversity
-measure functional leaf traits of all taxa
-reconstruct trait diversity across transect

*quantitative and spatial explicit sampling scheme

*large sample sizes
*digital measurements of georeferenced specimens




Using the digital data

Analyses
preparation m
n Science! Trait measurement

Field work ====) Curation m====) Digitization <:Ph°t°graphy

Data entry
. . o Data portal
Identification/description Data aggregator
Census data '
Available to public

and researchers




Digital Trait Measurements

Digitized specimens piped into Adobe Photoshop for image analysis:
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Leaf length Leaf area Petiole length
Leaf width Leaf perimeter Petiole width
Tooth spacing Specific leaf area Petiole area



Using the digital data

Analyses
preparation m
n Science! Trait measurement

Field work ====) Curation m====) Digitization <:Ph°t°graphy

Data entry
. . o Data portal
Identification/description Data aggregator
Census data '
Available to public

and researchers




The data

Images

Specimen data

4% COLLECTIONS

POLICIES & CONTACTS

UCMP collections and facilities are available for use by
qualified researchers. Follow this link for policies on using
the collections, or for contact information.

UCMP COLLECTIONS
Read more about UCMP's paleontological collections.
gkl

Vertebrates
Plants

ON-LINE COLLECTIONS DATABASE

Visitors can search the on-line database for information
about specimens housed at UCMP.

UCMP On-line Database

RELATED ITEMS
Archived/Supplementary Data Collection
Research reports and supplementary data sets.

UCMP Archival Collections

R e e CalPhotos

MP Data Model
About modeling data for collections management.

Pacific Rim Catalog
Database on Pacific Rim biodiversity.

creats) UGMP ©

Census & Trait data
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Image Data: Adobe Bridge

Metadata entered using Adobe Bridge

Images saved as Raw and JPeg

v © ¢

B RS

New Photo_JoseCreek - Adobe Bridge

Computer > ™ Macintosh HD > WMl Users > g dori > [l Desktop > [l New Photo_JoseCreek >

Folders

v [l Desktop
B Figures
I JCFossilCones
I Jose Creek stumps
Bl JoseCreekBerkeley
B JoseCreekTXState
| T E
I Mesquite_Folder

Favorites

B tnt-win-no-tax-limit (1)
Computer

FerY Collections
v File Type

Camera Raw image

Folder

JPEG file

v Keywords

No Keywords

838/D34

B1S

c2

D15

Entire

Palmate

Peltate
Date Created
Date Modified
Orientation
Aspect Ratio
Color Profile
1S0 Speed Ratings
Exposure Time
Aperture Value
Focal Length
Lens
Model
Serial Number

Content

IMG_5385
JPG

&

=N

IMG_5389

IMG_5392
JPG

f\/

IMG_5398
CR2

€9
\ 4

IMG_5398

2073 items, 54 hidden, 1 selected - 3.52 MB

IMG_5386
CR2
N 4

IMG_5389

IMG_5393
CR2

\ g

IMG_5396
JPG

A

IMG_5400

IMG_5403

IMG_5386

IMG_5390

IMG_5393

IMG_5397.CR2

IMG_5400

IMG_5404

IMG_5387.CR2  IMG_5387.JPG

1

4
N

IMG_5390  IMG_5391.CR2

IMG_5394 IMG_5394

IMG_83970P6  IMG_5398 IMG_5398

IMG_5401.CR2  IMG_5401.JPG  IMG_5402

CR2

-y

IMG_5404 IMG_5405 IMG_5405

Filmstrip

IMG_5399
CR2

;|

IMG_5402

IMG_5406

Metadata

Preview | publish

Wietadata" Keyword

v Cal 'aData (Exif)
Exposure Mode
Sensitivity Type
omme...osure Index
Focal Length

Lens

Max Aperture Value
Date Time Original
Flash

Metering Mode
Custom Rendered
White Balance
Scene Capture Type
Make

Model

Body Serial Number
Lens Specification
ens Serial Number

Keywords ~

Sort by Filename ~ A | Gg~ B W

2560 x 3840
352 M8
SRGB

Auto

Recommended exposure index (REI)
100

100.0 mm

EF100mm f/2.8 Macro USM
2.8

5/30/17, 12:06:45 PM
Fired, compulsory mode
Evaluative

Normal Process

Manual

Standard

Canon

Canon EOS 5D Mark Il
182029009701

100mm 1/0

0000000000

Latitude

Longitude

Altitude
Processing Method

33,10.299N
107,7.0937W

Manual capture

s

Latitude

Longitude

Altitude

Proces. i Method
¥ Audio

33,10.299N
107,7.0937W

Manual capture

Description
Keywords

IPTC Subject Code
Description Writer
Date Created
Intellectual Genre
IPTC Scene Code
Sublocation

UCMP F115.01
B115; Peltate; Entire; Palmate

5/30/17, 12:06:45 PM

TT92-3 Quarry 4




The data

Images

Specimen data

4% COLLECTIONS

POLICIES & CONTACTS

UCMP collections and facilities are available for use by
qualified researchers. Follow this link for policies on using
the collections, or for contact information.

UCMP COLLECTIONS
Read more about UCMP's paleontological collections.
gkl

Vertebrates
Plants

ON-LINE COLLECTIONS DATABASE

Visitors can search the on-line database for information
about specimens housed at UCMP.

UCMP On-line Database

RELATED ITEMS
Archived/Supple: ry Data Collection
Research reports and supplementary data sets.

UCMP Archival Collections
Information about ibrary holdings, images, and
memorabilia.

CalPhotos

MP Data Model
About modeling data for collections management.

Pacific Rim Catalog
Database on Pacific Rim biodiversity.

creats) UGMP ©

Census & Trait data
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Specimen data

4% COLLECTIONS

POLICIES & CONTACTS

UCMP collections and facilities are available for use by
qualified researchers. Follow this link for policies on using
the collections, or for contact information.

UCMP COLLECTIONS
Read more about UCMP's paleontological collections.
Microfossils

Invertebrates
Vertebrates
Plants

ON-LINE COLLECTIONS DATABASE

Visitors can search the on-line database for information
about specimens housed at UCMP.

UCMP On-line Database

RELATED ITEMS
Archived/Supplementary Data Collection

Research reports and supplementary data sets.

UCMP Archival Collections
Information about ibrary holdings, images, and
memorabilia.

MP Data Model
About modelling data for collections management.

Pacific Rim Catalog
Database on Pacific Rim biodiversity.

creats) UGMP ©

The data

Images
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Morphotype Descriptions

: Filemaker Pro

Coppmighted Mstersal

MANUAL OF LEAF ARCHITECTURE

Beth Ellis, Douglas C. Daly, Leo J. Hickey, Kirk R. ohnson,
John D. Mitchell, Peter Wilf, and Scott L. Wing

Published i Asaciation with The New Yok Botaaical Gardeo

ene PaleoBot database Dori Revised
S 2 O Sutwsonsas | = Q vl it lth~ Q Search
Records. Show All New Record Delete Record Find Sort Share
Loyout: ( Architecture V| Viewhs: 5 = B [ Proview | A (Edit Layout |
Section I. Leaf Characters Section II. Venation Section lll. Teeth
Leaf Pri
leaf attachment 1 petiolate 1.1 ~ primary vein fmmewo:.z basal v tooth spacing 44  imegular 44.2 v
leaf arrangement 2 not visible 88 ", naked basal veins 24  absentQ X number of orders of teeth 45  one 45.1 v
leaf organization 3 ot visible 88 v number of basal veins 25 910 It 40
leaflet organization 4  not visible 88 v agrophic veins 26  absent 0 v SIS otiepsp 474 rounded 47.2 i
leaflet attachment 5  not visible 88 v dfs'a‘ loothshapea 48 | concave48CC v
poloe inatires S B sheort 0 4 major 2nd vein frarsn:::rr;ﬁg festooned T W::::" ::z :::: : :: concave 48 CC &
Blade Interior 2nd 28  present 28.2 v proximal tooth shape b 48 -
lamina attachment 7  marginal 7.1 v | Estimate minor 2nd course 29 course simple & principal vein 49  vein absent49.2 v
laminar size 8 mesophyll 8.5 ~ perimarginal veins 30 absent0 v principal vein termination 50 v
laminar L:W ratio 9 major 2nd spacing 31 v course of accessory vein 51 v
laminar shape 10 ovate 10.3 ~ variation of 2nd angle 32 v features of the tooth apex 52 v

medial symmetry 11  symmetrical 11.1 v
base symmetry 12 symmetrical base

lobation 13 unlobed 13.1 v
margintype 14 crenate 14.2.3 v
margin features 15 absent0 ~
apexangle 16 obtuse 16.2 v
apexshapea 17  rounded 17.2.1 v
apexshapeb 17  straight17.1 v
baseangle 18 Reflexbase 183 v
baseshapea 19  straight base v
base shape b 19 v
term apex features 20  not visible 88 v
Surface
surface texture 21  absent 0 v
surficial glands 22  absent 0 b

major 2nd attachment 33  decurrent 33.1

Inter-secondary
proximal course 34.1  absent 0

intersecondary length 34.2

distal course 34.3

vein frequency 34.4

Tertiary

intercostal 3rd vein fabrica 35 convex opposite
intercostal 3rd vein fabricb 35
angle of percurrent 3rd 35.1.2
vein angle variability 36
epimedial tertiaries 37.1
proximal course 37.2.1
distal course 37.2.2
exterior 3rd course 38

Quaternary
quaternary vein fabric 39

Quinternary

quinternary vein fabric 40  not visible 88
areolation 41
FFV hranchina 42 1

Section |. Leaf Description

Leaf arrangement not visible with petiolate attachment. Leaf
petiole features absent. Leaflet arrangement not visible with not
visible attachment. Leaf organization not visible. Blade
attachment marginal, laminar size mesophyll, laminar L:W ratio ,
laminar shape ovate, blade medially symmetrical with
'symmetrical base, blade uniobed, and margin crenate with
absent edge features. Apex angle obtuse, apex shape rounded
to straight. Reflex base angle with straight base shape to shape.
Terminal apex not visible. Surface texture absent and surficial
glands absent.

Section Il. Venation Description
Primary venation basal actinodromous with 9-10 basal veins and

agrophic absent. veins festooned
with interior secondary veins present, minor secondary course
simple i and absent peri jinal veins. Major

'secondary vein spacing with variation of secondary angles and
major attachment decurrent. Intersecondary proximal course
absent, length , distal course , and frequency . Intercostal
tertiary vein fabric convex opposite percurrent to with the angle
of percurrent tertiary veins and vein angle variability . Epimedial
tertiaries with proximal course and distal course . The exterior
tertiary course is . Quaternary vein fabric is . Quinternary vein
fabric not visible, , and with . Marginal ultimate .

Section lIl. Teeth Description




Morphotype Descriptions: Filemaker Pro

_ R {Name D26 Duta Upcaiod SOVZONT
L N PaleoBot database Dori Revised | Crostod 825201
{  identification  Undeseribed taxon e "
7 ‘ :
| Bl £ Total (Sorted) L = Q ~H it B~ Q Search Deecription
Records _ Show Al New Record Delete Record Find Sort Share L‘”‘“___:"-‘?“"ﬁ“mm";“‘__
 Basal o sharpy poréod
G View As: (Eatiaput) et e
= SRR e e
princple vein suphing termial gand anc
lateral acoasory veins that ©olow the course of the.
D26 ‘margin and terminate i the
Proe ey vara ORGINAANG 0 Do, Wars o
PlantGroup X Dicot  Monocot ~ Conifer ~ Cycad  Fem  Other T
Key Leaf Traits Key Tooth Traits Organ Type  Secondary
. Entre 4 Regular 2nd Veins 2nd Order = = * from prmary ot s aren.
+ Toothed Imeguiar 2nd Veins. 3 Orcer | iy e praind o nmns Gty
i 2nd Strong Curve v Compound Morphotype Status ol el
+ Eligtic 2nd Strong Straight 7 Serrate 2 Actives i
Ovate 2nd Branching Dentate
Obovate + 2nd Decurrent to 1st Crenate DIF elminary Description Notes
s scuss
Oblong mswﬂ:m Widely Spaced Orgnat TX Stato morphatype (Jackie Scrvearer)
O o 2n0 e o el i
v Irreguiar Shape b bed rounded ‘apical portion
High LW 3rd Percurrent UR Sided
< Moderate LW 4 3 P + Rounded Com
Low LW 3rd < Sharp Inactive
3rd Reticulato + Glandular
Petate Agrophic veins 3rd Ramify v Chioranthoid Urearked A 1D Angiospermas Lindley / Magnolicae
+ Petiole present  Simple agrophics Mucronate Urvarked 810
Punvinus Compound agrophics 4th Percurrent Spinose Ot D Unimown
v 4th Reticulate I FamiyiD Unknown
pound v 2nd Brochidodromous. 4th Ramifying :
S 20d Eucamptodromous b Exempler Specimen Ko s s
TXSTATE 920304-7 (0043), TXSTATE 920304-30 : .
i IJRW 2nd Craspedodromous Areoiation oy {o0s5.0050y AT 825008 813 (0048 0083 | St JCMlocalty €234, TT823
| Curvature 2nd Cladodromous. Marginal vein Image Credits e TXSTATE 43000613 (80680085
Asym. Insertion ::ﬂuhﬂ:mnn Fimbrial vein D_Contreras - S Coadi- 7 G
s tweras v Invstigacr O_Controrss
Description - Cor ity 0
Toothed, broadly el obtus and reflex base angle. with tooth shape
base 1o apex of eaf. pointed (CCICV), rounded Toeth
‘glandular, chioranthoid, with principle vein supplying terminal gland and two lateral accesory veins that follow the course of the margin
and terminate in the gland.
Primary vonaton pamate, in petiole, lateral two are naked basal veins and T TSR
, v a
y from primary 9 tertiaries, J— On-.nsm) L ] a2 = Q- U fiacs
9pposio pacuret an convex. Primary hrough ety veins pominent andrecessed. Qualemary venation poory preserved. Show oo Bocord Dakie Ancers Fag  son st
ppearing reticulate. Viewhs: = = = [Prevew | ”~
] ) PanlGuuo |OusnType KLTMarin | KLTShape  KLTLW KLTPelile KL Blacefestures | KLT Base. KT Apex wr
B1is == P e Vioderaia LW Pelie Syremice Faimaia
. . o, = Grsicuar Primares
Enr:n: ::Z Angiospermae Lindiey / Magnolidae Family 1D : — o T —
joran v (Ouarate
Order 1D Unknown Gooich e b s e oo o Miodrie W poe i s
v mares
e Botanical Identification oisb et S - Vodecsia LW Pl Sy Faimste
Descr B Pimaes
Unknown oie et Leat — Tosbed ik Yoo LW ‘S Obtusa apax Frnate
Botanical ID 3 = Tow W Syremine N Faimase
Prirancs
Holomorphotype ~ TXSTATE 920304-7 oz et Lesl  Todhed Gl Viodecsia LW Pelile presenl  Syrenein Obtiss soex Paimste
Pimaies
Paramorpholypes  TXSTATE 920304-30, 920304-613; UCMP = oot Leaf Tastned Ovata Low LW Symmairc Obtusa apax Paimata
Pimares
o st I Gim Low LV Syremine Gbtusa amex Faimaia
Primanes
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Going public!

Analyses
preparation m
n Science! Trait measurement

Field work ====) Curation m====) Digitization <:Ph°t°graphy

Data entry
. . o Data portal
Identification/description Data aggregator
Census data '
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Take-home points

* Workflows should integrate project-based data collection with
curation and digitization

» Use of effective links (field-assigned Rock IDs) to bridge field data
with museum specimens

* Reorganize/customize workspace for integration of tasks to
increase efficiency

* Person-power! Importance of involving students and volunteers
in research
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LOOY LAB

Paleobotany, Palynology & Paleoecology
at University of California, Berkeley

IDigBio and NSF
Amazing students and volunteers!

Looy Lab
UC Museum of Paleontology
Armendaris Ranch, Tom Waddell, Ted Turner

Diane Erwin, Cindy Looy, Pat Holroyd, Gary
Upchurch, Greg Mack

Funding:

Lewis and Clark Fund for Exploration and Field Research (2015); UCMP Graduate
Student Awards (2013, 2014, & 2015); Integrative Biology Graduate Research Fund:
The Reshetko Family Scholarship (2015); Geological Society of America Graduate

Student Research Grant (2014); Integrative Biology Graduate Research Fund (2014 & _
2015); Sigma Xi Grants-in-Aid of Research UC-Berkeley Chapter (2014); Mid- &&
American Paleontological Society (MAPS) Outstanding Student Research Award TEXAS+ STATE

(2013); GRAC Research Funds, UC-Berkeley Integrative Biology Dept. (2013 & 2015); g5, o7
UCMP Graduate Student Fellowship; NSF Graduate Research Fellowship



