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Summary 
Digitization TCN: Collaborative Research: Plants, Herbivores, and 

Parasitoids:  A Model System for the study of Tri-Trophic Associations 
 Intellectual Merit:  All of the nearly 20,000 species in the North American flora are attacked by 
phytophagous insects, and many of those insects are attacked by parasitic Hymenoptera.  Data on plant 
taxa, insect herbivores, and their parasitoids are currently not accessible in a uniform manner nor are they 
integrated online.  This grant will mobilize an extensive workforce that will utilize the combined 
resources of 34 museums in one of the most relevant database projects ever, to make available > 2.3 
million specimen records.  Our tri-trophic approach will have benefit for a wide range of research 
questions and practical applications, including conservation, ecosystems studies, climate change, 
biogeography, and agricultural sciences.  
 This Thematic Collection Network (TCN) will focus on one of the major herbivorous insect 
clades, the Hemiptera (aphids, scales, hoppers, cicadas, and true bugs), their host plants, and their 
parasitoids in a Tri-Trophic Databasing and imaging project—the TTD.  It will treat the North American 
biota utilizing collections within the USA.  Not only is the size of the problem tractable, but also nearly 
all of the collections relevant to the United States biota reside within the United States, with substantial 
amounts of material in US institutions from Canada and Mexico also being available. The TTD will be 
coordinated by seven collaborating institutions.  Each possesses necessary taxonomic expertise, proven 
leadership skills, and the ability to form networks with another 27 large and small institutions, to capture 
and deliver specimen data for organisms in all three trophic levels. 
 Hemiptera, the largest clade of non-holometabolous insects, is represented in North America 
north of Mexico by >11,000 species.  Many are agricultural pests and include such economically 
devastating examples as armored scales and mealy bugs, black bean and peach aphids, potato leafhoppers, 
and Lygus bugs; some are beneficial as predators of other insect pests.  The specialized sap-sucking habits 
make many aphids, psyllids, and plant hoppers effective vectors of plant diseases, and therefore of 
extreme economic importance.  
 About 85% of Hemiptera are herbivorous and many show high degrees of host specificity. In 
addition, Hemiptera exhibit preferences for certain groups of plants, including the very large families 
Asteraceae, Fabaceae, Poaceae, and Rosaceae, and it is the >8000 North American species in these groups 
that will be the primary focus our botanical digitizing efforts. 
 Parasitic Hymenoptera, especially Chalcidoidea, exploit Hemiptera.  They are major natural 
population-control mechanisms that are widely used in biological control efforts.  This relevance as 
natural enemies attests to the value of resources organized for understanding their distributions and 
phenologies and how these relate to their North American hemipteran hosts. 
 This project will build on results of prior NSF-support, including the Planetary Biodiversity 
Inventories award for Miridae and digitization of parasitoids and botanical specimens.  Specimen data 
will become available for more than 1.64 million hemipterans (10-fold increase), 200,000 parasitoids (20-
fold increase), and more than 6 million plants in 20 families, (2-fold increase for participating herbaria). 
Data capture will maximize taxon-taxon information across the three trophic levels.  Data will be made 
available through web portals including GBIF, Discover Life, and a project-specific web page. 
 Broader Impacts:   This proposal will create a cross-cutting network to integrate information 
from 15 botanical and 19 entomological collections.  It will build a database of specimen information 
relevant for studies of climate change, plant-herbivore-parasitoid phenology, pest status and distribution, 
biological control, systematics, and biogeography.  Technological tools and methods will be introduced 
through at short course, at the American Museum of Natural History (AMNH) Richard Gilder Graduate 
School, to a broad range of graduate students at the AMNH, affiliated universities, and grant-sponsored 
students from other institutions.  A data mining and species-distribution modeling symposium at the 
University of California Riverside will foster interaction between the systematics and ecological research 
communities and explore the TTD database as a platform for instruction and inquiry.  A large cadre of 
undergraduate and graduate students will be involved in the data capture process, exposing them to a 
range of issues surrounding the nature, collection, organization, and use of such biodiversity data.
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PBI:  Phytophagous insects as a model group for documenting planetary biodiversity 
(Insecta: Heteroptera: Miridae: Orthotylinae, Phylinae): Schuh and Cassis (DEB-0316495). 
$2,941,254. 09/30/2003-08/31/2011. Five senior investigators, 4 postdocs, 3 PhD students, and 5 
undergraduate students, working in 5 countries collaborated on revisionary and phylogenetic studies of a 
monophyletic lineage of plant bugs (Heteroptera: Miridae) comprising ~5,000 species. More than 350,000 
specimens were assembled for study; >85,000 of those were derived from 20 project-funded field trips on 
6 continents; ~2,350 host plants were documented and authoritatively identified. A specimen database 
with a browser-based interface was created to manage specimen data at a single source in real time; label 
data for >265,000 specimens were captured, georeferenced and made available over the Internet; 43 
papers were published and 5 are in press. These publications provide the first large-scale documentation 
for the faunas of Australia and the Namaqualand region of South Africa. The 4 postdocs have systematics 
related jobs, facilitated by mentoring, research presentations, fieldwork, and preparation of instructional 
materials suitable for use in K-12; 3 PhD students were awarded degrees; 2 have postdoctoral positions.   
Phylogeny and Dispersal in the Grass-Feeding Delphacid Planthoppers (Insecta: 
Hemiptera: Delphacidae): Cryan and Bartlett (DEB-0342538). $198,810. 8/01/2004 – 7/31/2007.  
Two senior investigators, 1 postdoc, 1 MS student, and 9 undergraduates in 2 labs were involved in the 
project. Specimens for molecular research were collected in the neotropics, Africa, and Asia with 
additional contributions coming from colleagues in Europe and Australia.  PI Cryan and postdoc Urban 
generated 18S, 28S, Wg, and CO1 sequence data for approximately 125 delphacid species, with 132 
morphological features coded by Bartlett.  These data were utilized in the first molecular phylogenetic 
investigation of the Delphacidae to examine the morphology-based contrasting hypotheses of Asche 
(1985, 1990), and Emeljanov (1996), and to examine grass-feeding in an ecological-evolutionary context.  
Five taxonomic and 2 phylogenetic manuscripts were supported (Wheeler and Bartlett, 2006; Urban & 
Cryan, 2006; Bartlett, 2006, 2007; Bartlett & Wheeler, 2007; Gonzon & Bartlett, 2008; Urban et al.; 
2010).  The capstone publication (Urban et al., 2010) provided the first molecular investigation of higher 
delphacid phylogeny, and demonstrated frequent host shifts among taxonomically distant (but often 
ecologically coincident) grass-feeding lineages in evolutionary time. 
PEET: Taxonomic Expertise in True Bugs: Systematic and Monographic Research on 
Assassin Bugs (Heteroptera: Reduviidae): Weirauch (DEB-0933853). $750,000. 09/01/2009-
08/30/2014. Three PhD graduate students focusing on revisionary taxonomic and systematic studies on 
Harpactorini, Physoderinae, and Ectrichodiinae and 1 master’s student studying Apiomerini are currently 
being trained. Five undergraduate students are involved in independent research projects in taxonomy and 
systematics. Seven manuscripts are published or in press and 8 are in the final stages of preparation. As 
part of revisionary projects, ~19,000 specimens of Reduviidae have been databased. A Reduviid PEET 
web-page is on line, species pages through EOL LifeDesk have been initiated, the First International 
Reduviid Workshop was organized at the Chinese Agricultural University in Beijing in July 2010, and the 
PI and 4 trainees conducted 7 weeks of field work in SE Asia and Central and South America.  
Remediation and curation of UC Riverside collection of Aphelinidae and Encyrtidae 
(Hymenoptera: Chalcidoidea): Triapitsyn and Heraty (DBI-0745496). $244,015. 05/01/2008-
04/30/2011. Two senior investigators, 1 preparator and 2 undergraduates were engaged to remount and 
database Encyrtidae and Aphelinidae (other than Aphytis; a previous NSF grant), focusing on transferring 
slide-mounted specimens from Hoyer’s to Canada Balsam. As of October 2010, all slides of Encyrtidae 
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and most Aphelinidae have been remounted; Encarsia, the largest genus remains to be completed. A total 
of 11,000 specimens were remounted and databased. With 6 months remaining, we will be able to 
remount, label, and database another 1,500 specimens (in the proposal, we planned to remount, label, and 
database ~11,622 specimens. 83% of the database records contain data that could be georeferenced, and 
these have been submitted to Discover Life and GBIF.  
CAREER: Phylogeny and evolution of armored scale insects (Hemiptera: Diaspididae) 
and their bacterial endosymbionts: Normark (DEB-0447880). $651,937. 05/01/2005-
06/30/2011. One senior investigator, 5 graduate students, and 32 undergraduate students have been 
involved with the project. Twenty-five undergraduates completed independent projects through the 
Molecular Systematics Lab course or as senior theses.  Students made 20 presentations at national 
meetings and 5 at international meetings.  We catalogued over 2,800 lots of scale insects and have 
prepared over 2,600 slide-mounted specimens with associated individual DNA preps.  Seven papers have 
been published, including the most comprehensive phylogenetic studies to date of armored scale insects 
(Andersen et al., 2010) and their primary and secondary endosymbionts (Gruwell et al., 2006, 2009).  
PBI: A complete web-based monograph of the tribe Miconieae (Melastomataceae):  
Michelangeli, Tulig, Almeda, Judd, and Goldenberg (DEB 0818399). $2,999,756; 04/01/2009-
03/31/2014.  We have established the nomenclatural framework for 7500 names accessible through 
http://www.melastomataceae.net/ and set up an Internet portal that will contain the species descriptions, 
keys, images, specimen databases, maps, etc, for the tribe (http://sweetgum.nybg.org/melastomataceae ). 
We have databased >35,000 specimens; 8005 have been imaged, including all types.  Species descriptions 
are completed for 211 species. The project has produced 7 publications with 4 others in press and 2 
submitted. Fieldwork has been conducted in Brazil, Costa Rica, Colombia, Ecuador and Venezuela. 
 

Digitization TCN: Collaborative Research: Plants, Herbivores, and 
Parasitoids:  A Model System for the study of Tri-Trophic Associations 

 The large-scale integration of botanical specimen information with that for insects acting as 
herbivores has never been attempted.  The same holds for any large insect group and its hymenopteran 
parasitoids. Yet, the benefits of a tri-trophic approach to databasing will be substantial for a wide range of 
research questions and practical applications, including conservation ecology, ecosystems studies, 
biogeography, agricultural sciences, and the effects of climate change as understood through phenological 
shifts across the three trophic levels.  The North American flora contains nearly 20,000 species of 
vascular plants (Qian, 2008), all of which are attacked by phytophagous insects, and many of the 
herbivores are attacked by parasitic Hymenoptera.  Nonetheless, uniform access to digitized data for plant 
taxa, insect herbivores, and their parasitoids is not available, even though many groups have been 
databased to various degrees.  Online integration of these data is an even more distant reality, but has 
significant benefits.  It is for these reasons that we propose, for the first time, to acquire data for plants, 
herbivores, and their parasitoids in a single project and make this information available online. 
 We here describe a Thematic Collection Network (TCN) that will focus on a major herbivorous 
insect clade, the Hemiptera (aphids, scales, hoppers, cicadas, and true bugs), their host plants, and their 
hymenopteran parasitoids in a Tri-Trophic Databasing and imaging project—which we will henceforth 
refer to as the TTD.  This TCN proposal will concentrate on the North American fauna and United States 
collections.  This problem is tractable because nearly all collections relevant to the US biota reside within 
the United States, where substantial amounts of material from Canada and Mexico are also available. 
 The TTD will be coordinated by 7 collaborating institutions.  Together they possess the necessary 
taxonomic expertise, proven leadership skills, relevant technology, and the ability to form networks with 
another 27 large and small cooperating institutions.  These attributes will facilitate the capture and 
delivery of the maximum amount of specimen data for all taxa in the 3 trophic levels. 
 Hemiptera, as the largest clade of non-holometabolous insects, comprises approximately 100,000 
species worldwide, 11,150 of which occur in North America.  About 85% of the species are herbivorous 
and many show high host specificity. Hemiptera also exhibit preferences for certain plant groups, 
including the very large families Asteraceae, Fabaceae, Poaceae, and Rosaceae (see Table 1), and it is on 
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these groups that we will focus our botanical digitizing efforts.  Many Hemiptera are known to be 
agricultural pests and include the economically devastating armored scales, mealy bugs, black bean and 
peach aphids, potato leafhoppers, and Lygus bugs, as well as some beneficial predators of insect pests.  
The specialized sucking mouthparts and sap-sucking habits make many aphids, psyllids, and plant 
hoppers especially effective vectors of viral and bacterial plant diseases, and therefore of extreme 
economic importance (Coll and Ruberson, 1998; Schaefer and Panizzi, 2000).  The economic significance 
of these insects is brought into clear focus when we consider that within the last five years the USDA 
Systematic Entomology Laboratory has fulfilled over 21,000 requests for identification of hemipterans 
intercepted at ports, involved in producing crop damage, or otherwise of potential significance for the US 
economy (T.J. Henry, USDA/SEL, pers. comm..).   
 Parasitic Hymenoptera within the superfamily Chalcidoidea exploit phytophagous and other 
Hemiptera, and are major natural population-control mechanisms. These parasitoids have frequently been 
used in biological-control efforts, especially for aphids, whiteflies and scale insects.  Recent estimates 
suggest that there could be as many as 700,000 species of parasitoids, most of which belong to the 
Chalcidoidea (Heraty, 2009); however, in North America only as few as 2,879 species of chalcidoids are 
named (Noyes, 2003). 
 These factors, both conceptual and pragmatic, provide a compelling argument for the assembly of 
data for this tri-trophic assemblage of Hemiptera, their hosts, and their parasitoids that will have value for 
agriculture, the impact of climate change on insect and plant phenologies, invasive species detection and 
mitigation, ecology, systematics, and biogeography.  The results will serve the interests of US science and 
provide another tool to address national priorities in the areas of pest and invasive species management.  
Some examples of specific hypotheses that will be testable as a result of this project are as follows. 

• Conservation Biology: Sites with active management for conservation of biodiversity (e.g. certain 
nature preserves) support greater diversity of rare plants, bugs, and parasitoids than similar sites 
not subject to management. 

• Systematics: North America’s hyperdiverse plant genera (e.g. Carex in Cyperaceae, Crataegus 
and Rosa in Rosaceae, Salix in Salicaceae) host hyperdiverse communities of bugs, which in turn 
host hyperdiverse assemblages of parasitoids. 

• Ecology, Biogeography, and Evolutionary Biology: Specialization (vs. generalization) in trophic 
interactions will increase as latitude decreases. 

• Agricultural Sciences and Invasion Biology: Crop plants are more threatened by the introduction 
of non-native bugs than by natives. 

• Climate Change Studies: Shifting climatic patterns are causing shifts in distribution and 
abundance of species of critical agricultural and conservation concern. 

 Our proposed effort will build heavily upon the activities and results of prior NSF-supported 
projects.  Foremost among these is the Planetary Biodiversity Inventories award (DEB 0316495) dealing 
with the Miridae (Orthotylinae and Phylinae).  That award captured data for more than 265,000 
specimens representing >4000 species in these two subfamilies.  Of those specimens, 107,000 are from 
North America, including Mexico and Canada.  Host data are available for 40% of specimen records.  
Data for all specimens were georeferenced, for a total of 47,100 localities.  Because the Orthotylinae and 
Phylinae represent ~20% percent of the North American species of Heteroptera, data-capture under the 
PBI award provides a strong base in terms of specimen numbers, georeferenced localities, and host plant 
taxa.  The PBI project also demonstrates relevant organizational and technical capacity. 
 Parasitoid databasing has been supported by the NSF at University of California, Riverside 
(UCR), one of our collaborating institutions. UCR recently uploaded 105,239 records of Hymenoptera to 
Discover life, of which 23,000 were parasitic Chalcidoidea. We will capitalize on that effort by involving 
Texas A&M University and the University of California at Berkeley, among others, to produce a truly 
comprehensive database for North American Chalcidoidea that parasitize Hemiptera. 
 Botanical collections have benefitted from prior data capture in many herbaria.  The NYBG, the 
Missouri Botanical Garden, and the University of Michigan herbaria, with their long histories of NSF 
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support for collection digitization, will lead the effort, in consort with 12 additional herbaria involved in 
data capture and 3 existing herbarium networks serving as data contributors (Southwest Biodiversity 
Consortium, California Consortium of Herbaria, and Pacific Northwest Herbarium Network). 

 
Table 1.  Families to be treated by TTD, with estimates of species diversity in North America (Hemiptera 
data from Henry and Froeschner (1988), Poole and Gentili (1997), and Ben-Dov (2010); parasitic 
Hymenoptera data from Noyes (2003); plant data from Gleason and Cronquist (1991) and other sources). 
  

HEMIPTERA spp 
Coccoidea (scale insects) 
Aclerididae 14 
Asterolecaniidae 16 
Cerococcidae 5 
Coccidae 105 
Coelostomidiidae 1 
Conchaspididae 2 
Dactylopiidae 4 
Diaspididae 310 
Eriococcidae 81 
Halimococcidae 2 
Kermestidae 33 
Kerriidae 1 
Kuwaniidae 2 
Leucanodiaspididae 9 
Margarodidae 45 
Matsucoccidae 2 
Ortheziidae 31 
Phoenicococcidae 1 
Pityococcidae 5 
Pseudococcidae 323 
Steingeliidae 4 
Total Coccoidea 986 
Aphidoidea (plant lice) 
Adelgidae 21 
Aleyrodidae 98 
Aphididae 1368 
Phylloxeridae 45 
Total Aphidoidea 1532 
Psylloidea (jumping plant lice) 
Aphalaridae 94 
Calophyidae 12 
Homotomidae 1 
Triozidae 69 
Total Psylloidea 176 
Auchenorrhyncha (cicadas, 
hoppers) 
Acanaloniidae 20 
Achilidae 55 
Aetalionidae 2 
Caliscelidae 48 
Cercopidae 66 
Cicadellidae 3195 
Cicadidae 186 

Cixiidae 178 
Delphacidae 338 
Derbidae 67 
Dictyopharidae 80 
Flatidae 35 
Fulgoridae 18 
Issidae 10 
Kinnaridae 6 
Membracidae 265 
Nogodinidae 58 
Tropiduchidae 2 
Total 
Auchenorrhyncha 915 

Heteroptera  
Acanthosomatidae 4 
Alydidae 30 
Anthocoridae 89 
Aradidae 123 
Belostomatidae 21 
Berytidae 12 
Ceratocombidae 4 
Cimicidae 15 
Coreidae 88 
Corixidae 125 
Dipsocoridae 43 
Enicocephalidae 2 
Gelastocoridae 10 
Gerridae 46 
Hebridae 15 
Hydrometridae 9 
Largidae 21 
Leptopodidae 1 
Lygaeoidea 318 
Macroveliidae 2 
Mesoveliidae 3 
Microphysidae 4 
Miridae 1930 
Nabidae 134 
Naucoridae 21 
Nepidae 13 
Notonectidae 32 
Ochteridae 6 
Pentatomidae 222 
Phymatidae 27 
Piesmatidae 7 

Pleidae 5 
Polyctenidae 2 
Pyrrhocoridae 9 
Reduviidae 157 
Rhopalidae 39 
Saldidae 69 
Schizopteridae 4 
Scutelleridae 34 
Tessaratomidae 1 
Thaumastocoridae 1 
Thyreocoridae 41 
Tingidae 154 
Veliidae 34 
Total Heteroptera 3827 
Total Hemiptera 11150 
PARASITOID HYMENOPTERA 

Aphelinidae 212 
Encyrtidae 490 
Mymaridae 187 
Signiphoridae 19 
Trichogrammatidae 131 
Total Parasitoids 1159 

SEED PLANTS 
Apiaceae 250 
Asteraceae 2400 
Chenopodiaceae 250 
Cupressaceae 30 
Cyperaceae 850 
Fabaceae 850 
Fagaceae 97 
Grossulariaceae 53 
Juglandaceae 17 
Lamiaceae 240 
Oleaceae 35 
Pinaceae 66 
Poaceae 1400 
Polygonaceae 440 
Rhamnaceae 75 
Rosaceae 360 
Salicaceae 123 
Scrophulariacea
e 430 

Solanaceae 85 
Zygophyllaceae 15 
Total Plants 8066 
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The major objectives for the TTD project can be summarized as follows (see also Table 2): 
1. Database >1.1 million Hemiptera specimens; assemble > 390,000 existing records. 
2.  Image and database ~600,000 specimens in 20 host-plant families and enhance, through the 
addition of specimen images, geocoordinates and updated taxonomy, ~600,000 existing records; 
assemble ~ 4.85 million relevant previously-captured records . 
3. Capture ~200,000 records for hymenopteran parasitoids; assemble 12,000 existing records. 
4. Capture images for ~7,000 species of Hemiptera; assemble images for ~2,000 additional 
species; and capture/assemble images for ~2,000 species of parasitoid Hymenoptera. 
5. Integrate specimen data and digital images for all taxa in the tri-trophic association through 
Discover Life; provide records to GBIF; and collaborate with the ADBC-HUB.  
6. Enhance an existing Web portal (http://research.amnh.org/pbi/heteropteraspeciespage/ ), to 
serve data for the tri-trophic association, including maps and images: the “TTD Portal”.  
7. Develop (a) a graduate-level training module in collection management and digitization and 
(b) a coordinate a species-distribution modeling and data-mining symposium that will foster 
interaction between the systematics and ecological research communities. 

Taxonomic Coverage (Table 1) 
 The “research theme” at the core of this proposal could not be implemented without paying close 
attention to the details of taxonomic coverage.  Table 1 presents a listing of families to be treated by the 
project.  We will capture data for all families of Hemiptera and their chalcidoid parasitoids, whereas we 
will focus our botanical data-capture efforts on those families that harbor the greatest numbers of 
Hemiptera, as determined by examination of host data for North American Miridae (Schuh, 2002–2010).  
Therefore, the list of plant families is shorter than that for insects, a reality necessitated by the very large 
numbers of available plant specimens.  Even though we will focus on just 20 plant families over a 
restricted geographic range during the course of this project, other herbarium databasing projects are 
making available a vast resource of specimen data for the entire North American flora (see also below).  
Botanical data-capture efforts will complement the NSF-BRC bee databasing project of J.S. Ascher and 
D. Yanega (DBI-0956388) by providing connections to a fourth trophic level. 
Institutional Collaboration, Project Integration and Filling Gaps (Table 2) 
 Institutional coverage:  Documentation for the institutions that have been recruited to participate 
in this project is presented in Table 2, the Management Plan, budgets for collaborating and cooperating 
institutions, and the facilities statements.  These collections bring together the most important specimen 
resources encompassed by our research theme.  They range from very large, such as the American 
Museum of Natural History (AMNH), the New York Botanical Garden (NYBG), and the Missouri 
Botanical Garden, to relatively small, such as Colorado State University, Eastern Michigan University, 
the University of Maine, and the University of Massachusetts.  Some of these institutions, such as the 
Bishop Museum, have specialty collections of restricted taxonomic coverage in a limited geographic area, 
whereas others have holdings across virtually all target taxa.  Some have already created significant 
databases, such as the Essig Museum of Entomology aphid database (http://essigdb.berkeley.edu/ ), the 
AMNH database of Orthotylinae and Phylinae (http://research.amnh.org/pbi/heteropteraspeciespage/ ), 
and the NYBG database of Intermountain Flora (http://sciweb.nybg.org/science2/hcol/intf/index.asp), 
whereas for others no database records exist. 
 Integration with existing projects and filling gaps:  Table 2 lists numbers of specimens 
databased, percent georeferenced, online availability, number with host data, number to be databased 
under this proposal, and the sources of funds that have supported ongoing or prior databasing projects in 
each contributing collection.  Nineteen entomological collections have been selected for their strengths in 
Hemiptera and parasitoid Hymenoptera, as well as their ability to provide strong geographic coverage of 
the North American fauna.  De novo databasing for plants will prioritize the northeastern quadrant of the 
United States and the Ozark Plateau, areas that have heretofore received less attention than the remainder 
of the country.  Specimen data will be captured from the collections of 15 herbaria.  The NSF has 
supported several regional herbarium networks, 3 of which have agreed to supply additional data to 
broaden our geographic coverage.  These are the Consortium of California Herbaria 
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(http://ucjeps.berkeley.edu/consortium/about.html), Consortium of Pacific Northwest Herbaria 
(http://www.pnwherbaria.org/ ), and Southwest Environmental Information Network (SEINet:  
http://swbiodiversity.org/seinet/index.php ), .   
 The integration of entomological and botanical data will take place through Discover Life, GBIF, 
the TTD Portal, and eventually through mechanisms developed by the ADBC-HUB.   
Sharing of Infrastructure:  Databases, servers, and imaging equipment 
 Databasing: This project will rely to the maximum extent possible on existing IT and imaging 
infrastructure and engage in only limited technology enhancement, not outright technology development.  
For Hemiptera, the majority of institutions will rely on the AMNH-PBI database developed in 2003–2004 
with NSF funding (Schuh et al., 2010).  This product has been extensively tested by 4 major projects for  
 
Table 2. Collection databasing information for collaborating institutions, cooperating collections, and 
data contributors.  NSF-PBI refers to the Plant Bug Inventory. Specimen numbers are in thousands. 

Institution Taxon coverage Speci
mens 
dbasd 

% geo 
refd 

Prior 
funding 
source 

On 
line 

Speci- 
mens 
to be 

dbasd 

% 
host 
data 

ENTOMOLOGICAL COLLECTIONS 
American Mus. Nat. Hist. 
(incl. Staten Island) 

Hemiptera 
Cicadidae 

30 
0 

100 
0 

NSF-PBI Y 300 
33 

25 
10 

B. P. Bishop Museum Hawaiian Heteroptera 0 0   70 25 
California Acad. Sciences Auchenorrhyncha, 

parasitoids 
4 100 NSF-PBI Y 40 NA 

California Dept. Food  Ag. Coccoidea, Aphidoidea 1 100 NSF-PBI Y 75 NA 
Carnegie Museum Heteroptera 0 0   15 NA 
Colorado State University Aphididae, Heteroptera 0 0   15 NA 
Cornell University Aphididae, 

Membracidae 
0 0   30 25 

Illinois Nat. Hist. Survey Auchenorrhyncha; 
Miridae; 
Coccoidea 

36 
0 
0 

100 
0 
0 

NSF-
REVSYS 

Y 50 
20 

3 

10 
20 
50 

Michigan State University Hemiptera 0 0   50 NA 
Mississippi St. University Cicadellidae, Aphididae 0 0   50 10 
N. Carolina St. University Hemiptera 1 100 NSF-BRC Y 75 10 
Oregon State University Heteroptera; 

Auchenorrhyncha 
1 
0 

100 
0 

 Y 40 50 

Texas A&M University Heteroptera;  
Auchenorrhyncha 
parasitoids 

15 
0 
0 

100 
0 
0 

NSF-PBI 
 

Y 75 
50 
25 

15 
NA 

>85 
UC Berkeley, Essig Mus. Heteroptera 

Aphidoidea;  
Psyllidae;  
parasitoids 

3 
9 
0 
0 

100 
85 

0 
0 

NSF-PBI 
NSF-BRC 

Y 
Y 

25 
0 
5 

20 

NA 
 

>50 
>85 

UC Riverside Heteroptera; 
parasitoids 

3 
11 

100 
100 

NSF-PBI 
NSF-DBI 

Y 
Y 

75 
 

15 
 

University of Delaware Fulgoroidea 2 0   20  
University of Kansas Aquatic Heteroptera, 

Cicadidae 
0 0   45 

5 
NA 
10 

University of Kentucky Cicadellidae; 
Dryinidae 

0 
 

0 
 

  35 
 

~5 
>30 

University Mass. Coccoidea; Hemiptera 10 0  N 15 50 
TOTALS  125 -- -- -- 1,261 -- 
INSECT GRAND TOTAL 1,385 
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BOTANICAL COLLECTIONS.  Unless otherwise noted collection coverage for all of North America.. 
NOTE:  The “Specimens to be Databased” column includes both specimens that will be digitized de novo as well as 
specimen records that will be enhanced through imaging, georeferencing and taxonomic name standardization. 
University of Colorado All target families 51 0  Y 67 -- 
Eastern Michigan Univ. All target families 0 0   10 – 
University of Illinois 7 target families 0 0   30 – 
Illinois Nat. Hist. Survey All target families 308 17  Y 94 – 
Iowa State University Fabaceae, Poaceae  46 0  Y 102 – 
University of Kansas All target families 129 65  N 97 – 
University of Maine N. Am. Rosaceae; all 

families for Maine  
100 0  Y 34 – 

University of Michigan Cyperaceae; Poaceae 26 0  Y 115 – 
University of Minnesota All target families 93 10 NSF-BRC Y 70 – 
Missouri Botanical Gard. All target fams., regional 247 25 NSF-BRC Y 101 – 
Michigan State University All target fams, Michigan  9 0  Y 36 – 
Miami University 4 target families, N. Am. 14 5  N 35 – 
New York Bot. Garden All target families 102 30 NSF-PBI 

NSF-BRC 
Y 274 – 

University of Texas All target families 105 10  Y 105 – 
University of Wisconsin All target families 120 50  Y 90 – 
TOTALS  1,350 – -- -- 1260 -- 
PLANT GRAND TOTAL 2610 
DATA CONTRIBUTORS     
Canadian National  
    Collection, Ottawa 

Aphidoidea 
Lygus bugs 

N 
N 

100  
85 

80 
20 

Univ. of California, Davis Coccoidea Y 13 90 
Kansas State University Hemiptera Y 66 5 
TOTALS 264 
Consortium of Pacific  
    Northwest Herbaria 

All target families from AK, BC, ID, MT, OR, WA, YT Y 738 – 

Consortium of California 
     Herbaria 

All target families from CA Y 1,158 – 

Southwest Biodiversity  
    Consortium 

All target families from AZ, s. CA, CO, NM, UT N 1,600 – 

TOTALS 3496 
 
ease of use, reliability, and scalability.  The Carnegie Museum, The Illinois Natural History Survey, the 
University of Kansas, and Texas A&M University will employ well-tested systems they have in place for 
data capture.  Data capture for pinned entomological specimens will proceed from direct examination of 
the specimens (see AMNH budget justification for further information).  Slide-mounted specimens will 
be scanned, the data being transcribed from the images.  Botanical data capture will involve a two-step 
process whereby a high-resolution image is captured for each herbarium sheet.  Copies of those images 
will then be transferred to the New York Botanical Garden for processing through a series of partially 
automated OCR protocols for machine capture of label data (Herbis, Salix), recognition of duplicate 
specimen information, and eventual assembly of a unique record of specimen data for the project database 
(see “Training data-entry personnel” and the NYBG budget justification for further information). 
 Servers:  Servers at the AMNH and NYBG will be the primary sites for storage of data acquired 
during this project; we will implement a mirror of the AMNH server at UCR.  These servers are an 
integral part of the IT infrastructure at their respective institutions, running on high-capacity hardware 
with roll-over capability and daily tape back-ups with off-site storage. See supporting letters from IT 
departments at AMNH and NYBG. 
 



9 

 Imaging: Several participating institutions (AMNH, NYBG, UCR) have appropriate imaging 
technology in place and have agreed to use it for this project..  Images will be captured for a male and 
female of each species, unless extreme variation necessitates the capture of additional images.  Image 
capture is complete for approximately 30% of hemipteran species.  We estimate that existing capability 
will allow for capture of the necessary images.   
 Imaging of plant specimens will be an integral part of the databasing process.  Botanical image 
capture will follow the well-tested protocols in place at NYBG.  Funds are allocated to equip herbaria that 
are not now set up for specimen image capture so that this project can progress effectively (see botanical 
subaward budgets). 
Authority Files for Taxon Names 
 Any effective approach to specimen databasing requires up-to-date authority files for taxon 
names.  For insect groups these will include: Coccoidea (Ben-Dov et al., 2010); Aphidoidea (Remaudière 
and Remaudière, 1997, with updates by Foottit and Mau);  Psylloidea (Psyl’list:  Ouvrard 2010); 
Auchenorrhyncha (Bourgoin, 2010; McKamey, 1998, 2007, 2010; Soulier-Perkins, 2010); and 
Heteroptera (Henry and Froeschner, 1988; Schuh, 2010).  For hymenopteran parasitoids we will use the 
Universal Chalcidoidea Database (Noyes, 2003) and Hymenoptera Online (http://hol.osu.edu/).   
 For plant taxa we will use the TROPICOS database developed and maintained by the Missouri 
Botanical Garden (http://www.tropicos.org/Home.aspx ).  This standard will coordinate the use of 
consistent nomenclature for the plant specimens themselves and for the hosts in the entomological 
databasing efforts. These authority files will be made available to Discover Life to facilitate 
nomenclatural consistency and effective data transfer and display. 
Unique Specimen Identifiers 
 Unique specimen identification is an essential element for the use of museum specimens as 
vouchers for the tracking of data over time, for assessment of data accuracy, and for verification of 
specimen identifications.  Experience at the AMNH, UCR, and the NYBG indicates that machine-
readable “barcodes” provide greater speed and accuracy during both data recording and data retrieval than 
identification codes that are entered by hand. 
 This project will employ the use of matrix code labels―a variant of the barcode—in 
entomological collections because of their potential for small size and storage of a very large amount of 
information.  They can be incorporated into the management routine of most collections of terrestrial 
arthropods, and in the case of pinned-insect collections their use results in only a modest increase in the 
amount of space occupied by the specimens.  The label seen here measures less 
than 5 mm square for the matrix code itself, but can store at least 99 million unique 
numbers per alpha code.  The use of the institutional acronym in combination with 
an eight-digit number provides the capacity to uniquely identify every specimen in 
all collections in the world; the collection code in the upper left corner associates every specimen with its 
depository.  Unless obscured by a particularly large insect body, these labels can be read by machine with 
the specimen in place in the collection and by the human eye, thanks to the alpha-numeric version of the 
code written on the bottom margin of the label. 
 Botanical collections and some entomological collections have a history of using Code 128 bar 
codes.  This style of code can be read by the same readers used for matrix codes and are compatible with 
our overall approach. Institutions that have previously used them will continue to do so. 
 For institutions that do not have in place facilities for label printing, we will prepare labels on a 
centralized basis, either through the AMNH, NYBG, or UCR, as appropriate.  Otherwise, institutions will 
follow their established practices for bar-code label preparation.  Each institution will use its own unique 
collection-identification acronym and sequential numbering. 
Georeferencing 
 Georeferencing, the attachment of latitude/longitude data to localities, increases enormously the 
value of specimen data because it facilitates mapping, GIS analysis, and ecological modeling, among 
other activities.  We will follow the practices of the PBI award and affiliated projects (e.g., BRC Bees, 
PBI Spiders) and centralize the process of georeferencing to the maximum extent possible.  This 
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approach, which is facilitated through the use of a central server, improves consistency, allows for the 
creation of a feedback loop to improve accuracy over time, and creates efficiencies by not georeferencing 
the same localities many times.  All latitude-longitude data will be recorded with appropriate metadata, 
indicating the source of the data, the level of accuracy, and the datum that was used in the GPS device, 
where this information is available.  Error-checking occurs when records are mapped using the Discover 
Life Global Mapper, such as the absence of the required minus sign preceding the longitude of a record 
from the Western and Southern Hemispheres or lat-long data that are not within the boundary of a given 
country.  Use of such automated error-checking allows for correction of records in the database. 
 We already have a very large number of georeferenced localities.  We will use a variety of 
resources to facilitate additional georeferencing.  These include on-line sources such as the Fuzzy 
Gazetteer (2010), the Geographic Names Information System (GNIS, 2010), and Google Earth.  
Automated tools such as GEOLocate (2010) and BioGeomancer (2010) will also be employed to facilitate 
georeferencing through intelligent automation of the process for large blocks of records. 
 
Data Management Plan 
 Data standards:  The data structures being used by all participants are compatible with the 
Darwin Core (TDWG, 2010), the generally accepted standard for biological collections.  Therefore, data 
interchange among institutional partners will be straightforward.  The data captured by the AMNH-PBI 
database extends the Darwin Core to include taxonomic data and voucher information for host plants. 
 Database applications:  The AMNH-PBI database uses a MySQL database with PHP-driven web 
pages.  The features, usage, and attributes of this software application are treated in detail by Schuh et al. 
(2010).  The NYBG uses an implementation of KE EMu for specimen-data management.  This product 
has been adopted by the Smithsonian, AMNH (Vertebrate Zoology), and other major institutions, offering 
a stable and effective platform for the centralized capture and management of botanical data during the 
course of this project. 
 Metadata (for integration across disparate collections):   Connection across the three trophic 
levels in this project will be made through scientific names of the plants, herbivores, and parasitoids.  We 
will use the TROPICOS botanical authority files to produce a standardized listing of names for use in the 
AMNH-PBI database of hemipteran plant hosts.  We will use the authority files listed above to 
standardize the host names linking hemipterans and their parasitoids.  Appropriate metadata associated 
with lat/long and elevation data will also be captured. 
 Integration of new and old data:  Our figures suggest that approximately 20% of data to be 
assembled as part of the TTD already have been captured in digital form.  As a way of integrating old and 
new data, we will create new “instances” of the AMNH and NYBG databases to accept these data and all 
newly captured data, irrespective of whether captured through the AMNH and NYBG systems or that of 
one of the cooperating institutions.  Under this approach we will be able to create a more secure project-
data repository, facilitate data uniformity, enable centralized georeferencing, and speed web delivery 
through our own dedicated site.  The useful lifetime of these project databases may be influenced by the 
outcomes of the HUB initiative in the areas of data integration. 
 Data accessibility:  The basic premise of the TTD project is that all data captured or otherwise 
acquired will be made available to the general public, as described below under “electronic 
dissemination”.  This project will, nonetheless, abide by the policies of individual institutions which may 
wish to protect data for certain species in danger of extinction from over collecting; we will therefore not 
publish electronically (or otherwise) precise lat-long data for those taxa. 
 Electronic dissemination:  We will utilize Discover Life (www.discoverlife.org) as a partner for 
data integration and web delivery.  This approach has been tested extensively by the Plant Bug PBI 
award, the Reduviid PEET project, and the AMNH Bee Databasing Project recently funded through an 
NSF DBI-BRC award.  Discover Life has demonstrated capability and capacity of scale to integrate 
animal-plant data sources, including images, to display them effectively on the web, and to do so within 
24 hours of data capture.  This includes mapping tools, taxon listings, interactive keys, and error 
checking.  Data will be pushed from Discover Life to GBIF.  We will also customize the AMNH-
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developed “Heteroptera Species Page” [http://research.amnh.org/pbi/heteropteraspeciespage ] as the TTD 
Portal to integrate and display specimen information assembled during the course of the TTD project. 
 Once the HUB is up and running, we will adopt and adapt to approaches developed through that 
aspect of the ADBC program as a way to promote data accessibility, integration, and longevity.   
 Tracking data produced by the project:  We will use Google Analytics 
(http://www.google.com/analytics/ ) to track usage of the project-specific web page for serving data 
acquired through the TTD-TCN.  This will allow for capture of data on total numbers of search requests 
as well as a user profile.  Discover Life will also provide usage data for the TTD project. 
 Data preservation:  Major project partners responsible for data attest to their ability to provide 
long-term data storage and security.  This includes server capacity, server reliability, backup protocols, 
and institutional disaster planning.  See supplemental documentation from AMNH and NYBG.  Although 
provision of data to web-integrators such as Discover Life and GBIF is a fundamental aspect of projects 
such as the TTD these integrators do not own the data, are not set up for archiving institutional data over 
the long term, and should therefore not be viewed as serving that function.  As part of our long-term 
strategy we will implement a mirror site for the AMNH-PBI database at UC Riverside. 
 Data assessment and evaluation:  As described in the Management Plan, the TTD will employ a 
full-time PhD-level Project Manager.  This person will be responsible for ongoing data assessment and 
evaluation, under guidelines established by the Steering Committee.  We will rely on institutional 
practices already in place at the AMNH and the NYBG for guidance in these regards. 
 Data tracking:  Because the majority of data capture will take place through centralized databases 
at the AMNH and NYBG, progress in data capture by the collaborators and their cooperating collections 
can be easily monitored by the Project Manager.  Progress by institutions that use their own software 
applications for data capture will be monitored by the Steering Committee, in consultation with the 
Project Manager. 
 Data quality control:  The Project Manager will assume responsibility for monitoring and 
assuring data quality.  Issues to be dealt with here, but not covered elsewhere in the Data Management 
Plan, include consistency of data entry within data categories such as taxon names, political geography, 
and lat/long coordinates.  All aspects of taxonomic-data quality will be overseen by the Steering 
Committee in consultation with additional outside experts (see Supplementary Documentation from 
Dmitriev, Foottit, Sanborn, Schwartz, Thompson, Wallace). 
 Achieving efficiency of data capture:  The Plant Bug PBI project chose to accept a structured 
data design and then write label data to it, as opposed to transcribing the data verbatim and transforming it 
to a standard format.  The structured approach renders the data immediately publishable to the Web 
without the need for additional transformation.  Furthermore, evaluation of the label data is part-and-
parcel of the data-capture process, because data are captured directly from the examination of specimen 
labels.  The incorporation of unique specimen identifiers unequivocally connects every record in the 
database to an individual specimen or lot of specimens.  Therefore, individual specimens are retrievable if 
answering some historical question requires recourse to the original data.   Although it is not our practice 
to routinely capture verbatim data, the PBI database allows for the creation of “notes” on the data, which 
can serve a similar function.  
 We will evaluate efficiency of data capture under several criteria.  First, numbers of specimen 
records captured per unit time.  Second, minimization of specimen handling as a way of limiting damage 
to inherently fragile pinned insect specimens.  Third, focus on data value, under which approach, 
specimens of a given taxon in poor condition, or those with incomplete or ambiguous data, giving 
preference to high quality material.  Fourth, we will recognize data novelty, such as specimens 
representing new localities, new hosts, and those extending the temporal timeframe. 
 Evaluating accuracy of specimen identifications:  We have involved as entomological PIs taxon 
experts who can assist in verifying the accuracy of identifications in collections before the data-entry 
process begins.  We budget for travel for these PIs and travel and stipends for other taxon experts to 
“stage” collections prior to data entry, as our first-line approach to assuring that specimens are accurately 
identified (see also under Data Quality Control). 
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 Because botanical data capture will involve the production of high resolution images of 
individual specimens, we believe that assessment of accuracy of specimen identification can satisfactorily 
adjudicated through the examination of those images.  For this reason we have not budgeted funds for 
travel and staging by botanical specialists. 
 All database records will incorporate an “accuracy code” to indicate the perceived quality of the 
identification.  Furthermore, an identification history will be entered for all specimens, including the 
name(s) of the person(s) performing the identification(s), allowing for further assessment of data quality 
on the part of the end user. 
 Training for data-entry personnel:  Protocols for training data-entry personnel are already 
established and tested for the AMNH-PBI database.  These are currently implemented through a manual 
and help menus embedded in the application.  The manual will be implemented as a PDF on-line tutorial 
available to all project participants.  Although we believe the use of the database is relatively 
straightforward, the effectiveness of this manual and other aspects of data-entry personnel training will be 
monitored by the Project Manager, including visits to those institutions where training in the use of the 
AMNH-PBI database is deemed necessary.  Because all database users are assigned a unique User ID, 
and because all records are stamped with that ID, tracking data quality for individual users and 
recognizing the need for additional training is straightforward. 
 The primary step in botanical data capture will be the acquisition of specimen images.  Thus, we 
will monitor the set-up of imaging equipment and the quality of images produced from the outset, 
immediately correcting any deficiencies.  Captured images will be processed at the NYBG by a dedicated 
employee, using a variety of tools.  These will include the use of “optical character recognition” software, 
as implemented in Salix (http://daryllafferty.com/salix/ ) and Herbis (http://www.herbis.org ).  Those 
images for which the labels cannot be read in their entirety will be partially or completely processed by 
hand.  Day-to-day monitoring of the NYBG data-capture employee will be the responsibility of the 
NYBG PIs and the Project Manager, in consultation with the Steering Committee. 
  
Project Management Plan  
 Personnel and Institutions:  All project personnel with are listed in Table 3. 
 Steering Committee:  Overall project management will be the responsibility of the "Steering 
Committee", composed of the 10 PIs; PI Schuh will serve as the chair of the committee.  This approach 
will allow for representation of our primary taxonomic interests as well as encompassing our main 
technical approaches.  The committee will meet face-to-face in years 1 and 3 and use video conferencing 
and Internet technology, such as Skype, to hold periodic virtual meetings.  All major budgetary and 
logistical decisions will be referred to the committee members for a consensus decision.  The Committee 
will be responsible for implementing an approach that will achieve the broadest possible impact for the 
project through uniform training of data-entry personnel, uniform data standards, and improved 
approaches to web delivery, with a view toward eventual integration with the HUB. 
 Management of the individual taxon areas will be the province of the individual PIs, in 
consultation with the Steering Committee as a whole.  Subawards have been assigned to collaborative-
proposal institutions to maximize the taxonomic expertise of the PIs and the geographic  and taxonomic 
strengths of the  holdings of the subaward institutions.  Under this approach subaward institutions will 
work through their respective PI concerning matters of specimen recruitment, quality of identifications, 
and choice of material to be databased.  Such an approach will for control of data quality while at the 
same time spreading out the supervisory workload. 
 Day-to-day management:  We budget for a single salaried PhD-level Project Manager, reporting 
to the Steering Committee and serving as a non-voting member.  This individual will have a degree in 
systematic biology and IT skills commensurate with the tasks assigned.  The Project Manager will assume 
significant responsibility for day-to-day project management, including:  training data-entry personnel 
and interacting with cooperating institutions by visiting each participating collection; monitoring data  
quality; performing most georeferencing on a centralized basis; printing and distributing matrix code and  
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Table 3.  Personnel and Institutions 
Individual/title Institution Responsibility 

Randall T. Schuh/curator American Museum of Natural History (entomology) PI 
Christine Johnson/curatorial assoc. American Museum of Natural History (entomology) co-PI 
Neal Evenhuis/curator BP Bishop Museum, Honolulu (entomology) contract 
David Kavanaugh/curator California Academy of Sciences (entomology) subaward 
Stephen D. Gaimari/curator California Dept. Food and Agriculture (entomology) subaward 
Chen Young/coll. manager Carnegie Museum, Pittsburg (entomology) subaward 
Boris C. Kondratieff/prof. Colorado State University (entomology)  subaward 
James K. Liebherr/prof. Cornell University (entomology) subaward 
Margaret Koopman/curator Eastern Michigan University (botany) subaward 
Dmitry Dmitriev/res. sci. Illinois Natural History Survey (entomology) subaward 
Loy Phillippe/coll. manager Illinois Natural History Survey (botany) subaward 
Deborah Lewis/curator Iowa State University (botany) subaward 
Michael Vincent/curator Miami University (botany) subaward 
Alan Prather/director Michigan State University (botany) subaward 
Gary Parsons/coll. manager Michigan State University (entomology) subaward 
Richard Brown/prof. Mississippi State University (entomology)  subaward 
Robert Magill/director, res. div. Missouri Botanical Garden PI 
Robert Naczi/curator New York Botanical Garden PI 
Melissa Tulig/asst. director New York Botanical Garden co-PI 
Andy Deans/asst. prof. North Carolina State University (entomology) subaward 
David Maddison/prof. Oregon State University (entomology)  subaward 
John Oswald/prof. Texas A&M University (entomology) subaward 
Kipling Will/prof. University of California, Berkeley (entomology) subaward 
Christiane Weirauch/assoc. prof. University of California, Riverside (entomology) PI 
John Heraty/prof. University of California, Riverside (entomology) co-PI 
Timothy Hogan/coll. manager University of Colorado (botany) subaward 
Charles Bartlett/assoc. prof. University of Delaware (entomology) PI 
Mary Ann Feist/coll. manager University of Illinois (botany) subaward 
Caroline Chaboo/asst. prof. University of Kansas (entomology) subaward 
Craig Freeman/director University of Kansas (botany) subaward 
Michael Sharkey/prof. University of Kentucky (entomology) subaward 
Christopher Cambell/director University of Maine (botany) subaward 
Benjamin Normark/assoc. prof. University of Massachusetts, Amherst (entomology) PI 
Richard Rabeler/asst. res. sci. University of Michigan  (botany) PI 
Anita Cholewa/curator University of Minnesota (botany) subaward 
Beryl Simpson/director University of Texas (botany) subaward 
Kenneth Cameron/director University of Wisconsin (botany) subaward 
 
other necessary labels; and ordering and dispensing supplies, where needed.  This individual will also 
gain experience in software development/implementation, but the limited amount of this activity to be 
undertaken by the TTD will be closely monitored by the Steering Committee.  The Project Manager will 
reside in NYC and be located at the AMNH while maintaining strong contacts with the NYBG.  This 
position and its responsibilities are modeled after the Plant Bug PBI project, an approach that has been 
tested and which we believe offers a strong model for training data-entry personnel, resolving day-to-day 
data-entry problems, effective monitoring of data quality, uniformity of georeferencing, and effective 
interaction between the project management and the institutions from which the data will be derived. 
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 Priorities for tasks:  Scheduling of tasks is shown in Table 4.  Start-up functions will be 
concentrated in year 1. 
 
Table 4.  Timelines for tasks to be performed under TTD.  

Task Year 1 Year 1 Year 2 Year 3 Year 4 
Steering Committee Meeting 1       
Steering Committee Meeting 2       
Presentations at Professional Meetings        
Hire and train Project Manager       
Create AMNH & NYBG project databases       
Upload updated taxon-name files       
Update relationships with Discover Life       
Develop Project Website       
Acquire pre-existing data       
Stage entomological collections        
Train data-entry personnel       
Capture new data          
Geo-reference new data          
Short course: RGGS       
Distribution Modeling Symposium; UCR       
 
 IT Infrastructure and Development:  The TTD will rely on existing infrastructure to the greatest 
possible extent.  In this regard the AMNH and the NYBG already have well-established enterprise-level 
solutions in place.  These include capacity, maintenance, and backup of database servers, maintenance of 
software applications, and backup and secure storage of data (see Supplemental Documentation).  We will 
rely heavily on this infrastructure as a way of insuring project success.  We will, nonetheless, perform 
limited enhancement of our data-capture applications as well as our web-delivery capabilities.  These 
enhancements will be guided by established institutional policies for software development, through the 
use of internal resources or through the contracting of outside personnel.  PIs Schuh and Weirauch have 
extensive experience in database development through the PBI project; PI Tulig has experience in the 
implementation of the KE EMu application and serving data through the NYBG Virtual Herbarium. 
 Plans for interacting and integrating with successful HUB:  In the data-management plan we 
have articulated our intention to work with www.discoverlife.org.  Discover Life offers models for data 
integration across trophic levels, including also pollinators of targeted plant families.  Furthermore, 
Discover Life incorporates tools for checking nomenclature and accuracy of georeferencing, uses real-
time data, while at the same time allowing for ongoing institutional ownership of data as well as continual 
updating.  Finally, Discover Life has the demonstrated ability to interact with GBIF. 
 Interacting with Discover Life will in no way interfere with our interactions with the planned 
HUB.  We will attend meetings hosted by the HUB, when asked; we will share our protocols and 
workflows with the HUB (and other TCNs); we will take advantage of opportunities provided by the 
HUB for training and for learning about the use any new technologies that might emerge from the HUB 
and that would help us achieve our objectives.  
 Task analysis:  The budget justifications provide a breakdown of what we believe to be a 
reasonable estimate of costs for databasing an individual insect specimen and for imaging a plant 
specimen and capturing the alpha-numeric data.  These evaluations are based on substantial experience at 
AMNH and NYBG and consultation with our data partners, several of whom also have extensive 
experience in data capture (e.g., Texas A&M University).  These analyses provide the basis for 
determining the size of subawards. 
 Deliverables and metrics for their assessment:  The overall project goal will be to deliver the 
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maximum amount of information possible for the taxa being treated under the TTD theme.  Data for 
assessing benchmarks will be assembled by the Project Manager and evaluated by the Steering 
Committee.  Project progress will be measured by the following criteria:  1) the specimen data-capture 
rate as a proportion of the total task, by institution; 2) proportion of previously-captured data uploaded 
and integrated into overall effort; 3) proportion of records georeferenced; 4) proportion of records in need 
of additional checking or correction; and 5) total records assembled for web delivery, as a proportion of 
target numbers, apportioned over the 4-year grant duration.  
 As noted above under “Priorities for tasks”, the first year of the project will require some fine 
tuning of our IT infrastructure; during years 1 and 2 staging/organization of entomological collections by 
taxonomic experts will take place.  Progress in these areas will be carefully monitored by the Steering 
Committee to assure that the timelines are met. 
 Student training:  Within the first year of the award we will use the PhD programs of the 
American Museum of Natural History and the New York Botanical Garden to organize a formal short 
course, with credit, that will familiarize a broad cadre of students with the methods and objectives of 
collection databasing.  This course will be offered under the umbrella of the Richard Gilder Graduate 
School of the AMNH, but will encourage participation by students from 5 campuses of the City 
University of New York, New York University, Columbia University, and schools from outside New 
York City.  This course will include site visits to both the AMNH and NYBG to examine the physical 
collections, and to see firsthand the data and image capture techniques for botanical and zoological 
materials; explain the logic of the underlying software and the rationale for its use; and discuss the web-
delivery options and data-integration approaches taken by the project and those promoted by the HUB. 
 During the third year of the project we will organize a species-distribution modeling symposium 
on digitization and data mining.  This symposium will be held at UCR and will bring together biological 
databasing experts and members of the end-user communities, including conservation biologists, 
ecologists, and modelers. We will involve specialists in the use of GIS technology, modeling, database 
query design, and biogeography such as Townsend Peterson and Jorge Soberon (see letters of 
cooperation) as well as local faculty members including Michael Allen (Plant Pathology and Center for 
Conservation Biology), Richard Redak (Entomology), John Rotenberry (Biology), and Luis Santiago 
(Botany) in order to cover a broad range of approaches to utilizing the accumulated data   Both the RGGS 
short course and the UCR symposium will be supported by a small-grant system (see AMNH and UC 
Riverside budgets) to attract students from outside New York City and participants from outside of 
Riverside who might otherwise not be able to attend.  The collections community will be made aware of 
these opportunities via postings to ECN list serve, NHCOLL-L, and Taxacom. 
   
Broader Impacts 
 The project described in this proposal will build a network of 34 entomological and botanical 
collections throughout the USA that will link a wealth of vascular plant, hemipteran, and hymenopteran 
parasitoid distributional, chronologic, and ecologic data in a single online database.  For the first time, one 
will be able to search host-herbivore-parasite data for a species-rich groups of plants and insects in space 
and time for a sizable region.  The pest and beneficial status of many of the insects mean the database will 
have immediate application for food security and for an improved understanding of US biosecurity as it 
relates to invasive species. Climate change studies will be facilitated by the wealth of phenological data 
for this tri-trophic association.  As well, the database will be indispensable for studies in systematics, 
biogeography, conservation biology, and ecology. 
 The proposed network will provide data that will facilitate future research vital to the scientific 
and societal needs of the United States.  Importantly, it will enable testing of hypotheses that are currently 
untestable.  A sample of such hypotheses is as follows. 

• Conservation Biology: Sites with active management for conservation of biodiversity (e.g. certain 
nature preserves) support greater diversity of rare plants, bugs, and parasitoids than similar sites 
not subject to management. 

• Systematics: North America’s hyperdiverse plant genera (e.g. Carex in Cyperaceae, Crataegus 



16 

and Rosa in Rosaceae, Salix in Salicaceae) host hyperdiverse communities of bugs, which in turn 
host hyperdiverse assemblages of parasitoids. 

• Ecology, Biogeography, and Evolutionary Biology: Specialization (vs. generalization) in trophic 
interactions will increase as latitude decreases. 

• Agricultural Sciences and Invasion Biology: Crop plants are more threatened by the introduction 
of non-native bugs than by natives. 

• Climate Change Studies: Shifting climatic patterns are causing shifts in distribution and 
abundance of species of critical agricultural and conservation concern. 

 The project will take maximal advantage of databasing projects previously funded by the NSF as 
well as the technologies developed during those projects.   
 The project will involve institutions from 7 EPSCoR states: Delaware, Hawaii, Iowa, Kansas, 
Kentucky, Maine, and Mississippi. It will build capacity and provide opportunities in these states of 
historic need.  Though this is not a research proposal, the network to be created will enable much future 
research on a variety of topics.  Thus, the proposed work promises to stimulate competitive research in 
these 7 EPSCoR states and elsewhere. 
 The project will also engage females and underrepresented minorities: it includes 3 female PIs 
and 7 female subaward supervisors.  All PIs on the proposal have a strong record in training students and 
post docs that are female or belong to underrepresented minorities or both.  As examples: the PBI Plant 
Bug project trained 2 female post docs, one female PhD student, one female REU student, one female 
project assistant, and >10 female specimen preparators; the Heraty and Weirauch labs at UCR currently 
employ and train 7 female students, 3 of which are Hispanic.  In addition, UCR is a registered Hispanic 
serving institution, which will provide opportunities to recruit students of Hispanic background into the 
TTD project.  
 Technological tools and methods will be introduced to a broad range of graduate students through 
short course to be offered at the AMNH’s Richard Gilder Graduate School, with the aim of attracting 
students from affiliated universities in New York City, and grant-sponsored students from other 
institutions across the USA.  A species-distribution modeling/data-mining symposium at the University of 
California, Riverside, will foster interaction between the systematics and ecological research communities 
and use the TTD database as a platform for instruction and inquiry. 
 Technology, especially the specimen imaging stations, will be provided to most participating 
herbaria.  Though many herbaria have begun databasing specimens, very few have been imaging them.  
Consequently, the imaging technology provided through this project will build capacity at these 
institutions.  The botanical digitization protocol we propose (rapid imaging at home institutions 
participating in the network, followed by data capture at a central location) promises to advance the 
productivity of current digitization efforts and thus serve as a model for the botanical community. 
 The results of botanical data capture will assist the ongoing Flora of North America project, 
which has yet to publish accounts for 9 of the 20 plant families to be digitized.  It will also assist the 
preparation of the New Manual of Vascular Plants of Northeastern United States and Adjacent Canada.  
The angiosperm specimen records will also be of great long-term utility for studying plant-pollinator 
interactions (in addition to the plant-herbivore interactions of immediate interest) and will thus directly 
complement the large-scale NSF DBI-BRC funded bee databasing project supervised by Ascher and 
Yanega.
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