Development of an integrated information and identification system for native and
potentially invasive delphacid planthoppers (Hemiptera: Auchenorrhyncha: Fulgoroidea)

Project Narrative
I. Project overview and rationale

The purpose of this project is to enhance protection of U.S. agriculture and food supply through
the development of an integrated expert and information system for native and potentially
invasive delphacid planthopper species. Delphacids are pests on 25 crops, including 5 of the
top 10 world food plant commaodities, with 30 species known vectors for 27 viruses. Despite
their significance as actual or potential threats to US agricultural biosecurity, critical resources
including species identification tools, biology, and potential agricultural significance reside in a
scattered, obscure, and frequently dated primary scientific literature. Scientific advances,
including the development of molecular resources, are inhibited by the lack of identification tools
and trained experts (only 2 delphacid taxonomists in the US), and the development such tools
has been hindered by the lack of support for basic research in systematics.

Here an identification tool (using Lucid3) and information system will be developed for the 322
delphacid species north of Mexico plus 42 potentially invasive species; emphasizing those of
economic concern. These tools system will be particularly valuable to assist port identifiers
(USDA-APHIS-PPQ), state identifiers, extension personnel, and academic researchers. Lucid
is the main electronic source for survey, detection, and identification of potential pests and
diseases for APHIS. The proposed resources are necessary to develop and implement
strategies to safeguard agriculture in the U.S. from high-consequence delphacids and the plant
pathogens they vector. Beta-testing of Lucid products will be conducted in cooperation of
APHIS-PPQ for peer and client reviews and testing at Lucid Player Workshops held throughout
the country mainly at ports of entry. The delphacid information system will include resources on
biology, life history, pest status (including information on plant disease transmitted), molecular
resources, and an extensive bibliography. An interactive morphology and ontology guide will be
included. Regional or national “Pest Alerts” will be developed for species of particular concern
in cooperation with the NCIPM center. The delphacid information system developed in this
project will: (i) support detection, identification, and risk assessment of for native and potential
invasive delphacid species; (ii) provide critical species-specific information to address
educational, research, and extension needs in agricultural biosecurity; (iii) provide resources
that will support and greatly facilitate future research, including the development of molecular
tools such as DNA barcoding.

As part of this project, two Master’s level students will be trained in systematic entomology.
Each student will revise a monophyletic segregate of the polyphyletic delphacid genus
Delphacodes. These students will conduct a traditional morphological revision, including the
development of identification tools, descriptions, and biological summaries of ingroup taxa to be
incorporated into the online information and identification system. Students will also conduct a
phylogenetic investigation collecting morphological and CO1 molecular data that will be added
to 18S and 28S data available from previous investigations by the Pl and collaborators (Cryan
and Bartlett, in prep.).

Il. Response to previous review — None (this is the first proposal submission).




I1l. Introduction
1. Goals

Since information resources and identification tools are urgently needed for potentially
invasive and high-impact species, here | propose to develop an online identification and
information system to facilitate recognition of 364 species of native, adventives, and
potentially invasive species of delphacid planthoppers with particular emphasis on crop
disease vectors. Two students will be trained in systematic entomology by conducting
systematic studies needed to elucidate phylogenetic relationships important in the
development of identification tools.

2. Background
a. General

The Delphacidae (Fig. 1) consists of with
2,000+ species worldwide (Asche 1985,
1990; my count: 2,145 species in 384
genera), with 322 species in 58 genera
North of Mexico (Bartlett et al. in prep).
Delphacid planthoppers are
phytophagous, often tightly associated
with one or few hosts. Primitive host
associations of delphacids are unknown,
but derived taxa are primarily monocot
feeders in wet situations, with the
curious exception of oceanic island
faunas, particularly Hawaii, which are
predominately woody dicot feeders
(Wilson et al. 1994). Delphacids are

usually multivoltine, developing from e9g  Figure 1. Habitus of delphacids. Aopicerus irroratus

to adult in about 30 days. The (Asiracinae), BBurnilia sp. (Plesiodelphacinae), C.
dlstrlbuthn of delph_aCId§ IS Wor!dWIdg, Tropidocephala tuberipenni@ropidocephalini), D.

from tropical to arctic latitudes, including Kelisia parvicurvata(Kelisiinae), E.Stenocranus brunneus

endemic faunas on distant oceanic . ) : o
. Stenocraninae), Rissonotus delicatu®elphacini).
islands such as St. Helena, New ( ) P )

Zealand, Hawaii, and the Galapagos

(Fennah 1967, 1976; Asche 1985, 1990; O’'Brien & Wilson 1985, Wilson et al. 1994). The
distribution of described species among the major biogeographic regions is relatively even, with
each major regions having between ~14-27% of described species (Asche 1985).

Table 1. Top world agricultural crops with delphaci d pest taxa (2004 FAO data)

Harvest Crop Million metric Delphacid pest Plant diseases vectored

ranking tons 2004 genus (e.g.)
1 Sugar Cane 1,324 Perkinsiella, etc.  Fiji disease, yellow leaf phytoplasma
2 Maize 721 Peregrinus, etc. Maize stripe, mosaic, rough dwarf
3 Wheat 627 Javesella, etc. Wheat striate mosaic, stripe virus
4 Rice 605 Nilaparvata, etc.  Grassy stunt, Hoya blanca, Rice stripe
9 Barley 154 Laodelphax, etc.  Yellow striate mosaic, yellow dwarf




b. Economic context

The Delphacidae are the most diverse and economically important family of planthoppers. Fifty-
five species are known pests on 25 crops (Wilson & O’Brien 1987) including 5 of the top 10
major world food commodities (Table 1). Delphacids cause damage both through direct feeding
damage and as vectors of plant viral diseases (e.g., Nault 1994, Kuniata et al. 1994, Narayana
& Muniyappa 1996, Garat et al. 1999, de Remes-Lenicov & Virla 1999a, b; Laguna et al. 2002,
Brentassi & Maldonado 2002, Liu et al. 2002, Dhileepan & Croft 2003, Rubia-Sanchez et al.
2003, Dintinger et al. 2005, Costamagna et al. 2005, Yin et al. 2005, Wilson 2005, Grilli 2006,

Grimshaw & Donaldson 2007). Thirty are known plant disease vectors (Table 2). All 27 plant
pathogens vectored by delphacids (Table 3) appear to be viruses (including the pathogen for

the emerging Ramu stunt disease of sugarcane, Braithwaite et al. 2007). Of great significance
is the major rice pest Nilaparvata lugens, about which Herdt (1987) reports estimated losses of

Table 2 Delphacid Plant Disease Vectors (updated fr

om Wilson 2005).

Delphacid species Pathogen Select Hosts Region
Caenodelphax taepae UHBV Plantain signalgrass NT
Chilodelphax albifascia RBSDV, RSV Grasses (Rice, etc.) PA-E
Delphacodes kuscelli MRCV Maize PA-W
Dicranotropis hamata MRDV, OSDV, PGSV Grasses (Oats, etc.) HO
Eumetopina flavipes Ramu stunt (evidently a virus) Sugarcane AP
Javesella discolor Oosbv Grasses (Oats, etc.) HO
Javesella dubia EWSMV, OSDV Grasses (Wheat, etc.) HO
Javesella obscurella EWSMV, OSDV Grasses (Wheat, etc.) HO
Javesella pellucida EWSMV, OSDV, MRDV Grasses (Wheat, etc.) HO
Laodelphax striatellus BYSMV, MRDC, NCMV, Grasses (Wheat, etc.) IM, PA
RSV, RBSDV, WCSV, WRSV
Megadelphax sordidulus PGSV Grasses (timothy, etc.) PA-W

Metadelphax propinqua
Muellerianella fairmairei
Nilaparvata bakeri
Nilaparvata lugens
Nilaparvata muiri
Peregrinus maidis
Perkinsiella saccharicida
Perkinsiella vastatrix
Perkinsiella vitiensis
Ribautodelphax notabilis
Sogatella furcifera
Sogatella kolophon
Sogatella vibex
Tagosodes cubanus
Tagosodes orizicolus
Tarophagus prosperina
Terthron albovittatum
Unkanodes sapporonus
Unkanodes tanasijevici

CCSV, MRDV, BYSMV
NCMV

RGSV, RRSV

RGSV, RRSV

RGSV

FMMV, IMMV, MSSV, MSV
FDV

FDV

FDV

IMMV, MRDV, RBSDV
PSV

BWSV, DSV, MSSV
FMMV, MRDV, MSSV
EHBV, RHBV

RHBV

CBV

RSV, RBSDV

NCMV, RSV, RBSDV
IMMV

Maize, Bermudagrass, &c.  All

Grasses (Oats, etc.) PA-W
Rice IM
Rice AP, IM
Rice IM
Maize, Sorghum AF, AP, IM
Sugarcane AF, AP
Sugarcane AF, AP
Sugarcane AP
Maize, grasses PA-W
Grasses AP, IM
Maize, grasses AF, AP, IM
Maize, grasses AP, IM, PA
Maize, coconut AF, NT
Rice,Echinochloagrasses NA, NT
Taro AP, IM
RiceEchinochloa IM, PA-E
Rice IM, PA-E
Maize, grasses PA-W

Sources: Wilson (2005) et cite, plus Lockhart (1)98&niata et al (1994), Costamagna et al (2005);
Braithwaite et al. (2007); Universal Virus Database4. http://www.ncbi.nim.nih.gov/ICTVdb/ICTVdB/

For virus abbreviations see Table 3. Biogeograpeigion Abbreviations: AF-Afrotropical, AP-Australo
Pacific, HO-Holarctic, IM-Indo-Malayan, NA-Nearctibl T-Neotropical, PA-Palearctic, PA-E-Eastern
Palearctic, PA-W-Western Palearctic.




$1.06 billion from rice crops in Southeast Asia each Table 3. Pathogens known to be

year and over $5 billion as the equity weighted vectored by delphacid planthoppers
value of output foregone due to N. lugens. While | (from Table 2).
have not found more recent calculations of these Pathogen Pathogen Name
figures, the significance of major rice pests is BWSV Brazilian wheat spike disease
unlikely to be declining at a time when concerns BYSMV Barley yellow striate mosaic
over world rice shortages are a topic of popular virus
news media. Nilaparvata cBv Colocasia babone virus
CCsv Cynodon chlorotic streak virus
lugens is well-known for its annual migration from DSV Digitaria striate virus
China to Japan (e.g., Holt et al. 1989, Riley et al. EHBV Echinochloa hoja blanca virus
1991, 1994; Turner et al. 1999, Otuka et al. 2005a, EWSMV  European wheat striate mosaic
b; Furuno et al. 2005). virus
FDV Fiji disease virus
Of the 30 known plant disease vectors, only 8 are EMMV Finger millet mosaic virus
known from continental United States. Of these, IMMV Iranian maize mosaic virus
one (Perkinsiella saccharicida, a sugarcane MRCV Mal de Rio Cuarto
specialist) is introduced from the Australo-Pacific MSV Maize stripe virus
region (Sosa 1983, 1985; Meagher et al. 1991, MRDV Maize rough dwarf virus
1993; Emeljanov 1994), and a second (Metadelphax =~ MSSV Maize sterile stunt virus
propinqua) may have been introduced near the end ~ NCMV Northern cereal mosaic virus
of the 19™ century (Gonzon and Bartlett 2008). Two ggg:// gﬁlt sterile dwarf virus
. . . . eum green strlpe VIrus
other species are mtrod_uced: Harmalia anacharsis PSV Pangola stunt virus
(found secondarily on rice) and Conomelus anceps RBSDV  Rice black-streaked dwarf virus
(Holdom et al. 1989, Wooten et al 1993, Wheeler RGSV Rice grassy stunt virus
and Hoebeke, in press). The latter species, RHBV Rice hoja blanca virus
evidently introduced from Europe into Nova Scotia, RRSV Rice ragged stunt virus
illustrates that even species intuitively unlikely to RSV Rice stripe virus
become invasive may be introduced. Conomelusis  (none) Ramu stunt _
a rush (Juncus spp.) specialist, and ordinarily UHBV Urochloa hoja blanca virus

WCSV Wheat chlorotic streak virus

brachypterous and sedentary. At present, without ZRSV Wheat rosette Stunt virus

the resources | here propose to develop, identifiers

would be unable to determine whether this species were native or invasive, or whether it posed
any threat to biosecurity, except by sending specimens to an expert.

Hawaii has had 10 immigrant delphacid species including 4 pest species (Peregrinus maidis (on
corn), Perkinsiella saccharicida (on sugarcane), and two Tarophagus species (on taro); Asche
1997). The introduction of Perkinsiella saccharicida was particularly significant since it resulted
in a total annual output of sugar for the Hawaiian Islands to be reduced by 16% within 2 years of
introduction (in 1900; Swezey 1936).

c. Interceptions at US ports

Of 407 delphacid interceptions since 1986 (USDA-APHIS-PPQ; 393 reportable), 349 (85%)
were identified only to family, and 31 only to genus (Table 4). This poor rate of species
recognition exemplifies the urgent need for practical identification tools. The 27 occurrences
identified to species represented 7 species, 5 of which were known vectors of plant diseases in
economic crops (viz. rice, corn, taro, sugarcane). Of these 5 species, 4 are potential invasive
onto U.S. agricultural crops (including Nilaparvata lugens on rice), of which one (Perkinsiella
saccharicida) is now widely established in the southeast on sugarcane (Sosa 1983, 1985;
Meagher et al. 1991, 1993, Emeljanov 1994).




d. Systematics
i. Taxonomy

The most recent comprehensive catalog is Metcalf (1943), which treats the world fauna, but
45% of genera and 26% of species from the New World have been described since it was
published. There are no modern published keys to North American delphacids for regions
larger than states (viz. Wilson & McPherson (1980) for Illinois; Wilson (1988, 1992) to Alaska
and the Yukon). Wilson (2005) provided the first key that included potentially invasive species,

but it included only 12 genera and 20 species
(including both native and potentially introduced
species) of the southeast U.S. Preliminary keys
to North American delphacid genera were
developed by the PI for presentation at a 2006 |
Western Plant Diagnostic Network (WPDN) L
teaching workshop.

Although keys to genus are meager, adequate v

keys to species do exist within many genera.
Significantly, there are no species keys for B
Delphacodes, Nothodelphax, Euides, or
Javesella. Of these, only Delphacodes presents
an outstanding challenge regarding the
development of identification resources.
Delphacodes is properly considered to be an Old World
genus of 10 species (e.g., Wagner 1963, Asche &
Remane 1983, Asche 1985, Holzinger et al. 2003), but at
present there are 84 placed in this genus north of Mexico
(plus 50 in the Neotropics), with these taxa demonstrably
polyphyletic (see below). To help contend with this
large and difficult taxon, it is here proposed to train two
students in phylogenetic systematics by revising
monophyletic segregates of Delphacodes.

ii. Phylogenetics

The Delphacidae are derived near the base of the
Fulgoromorpha, close to the Cixiidae. They are easily
recognized from all other Fulgoromorpha by the
presence of an apical hind tibial spur (the calcar, Fig. 2).
Fossils are few, mostly from the Tertiary (Carpenter
1992, Gebicki & Szwedo 2000, Szwedo 2004), although
there is ample suggestion that delphacids originated
prior to the Cretaceous (Wilson et al. 1994). The only
modern cladistic treatments of the higher taxonomy of
the Delphacidae were the morphological studies of
Asche (1985, 1990) (Fig. 3). Asche (1985, 1990) divided
the family Delphacidae into 7 clades, including the
polyphyletic Asiracinae and five monophyletic
subfamilies (for review, see Wilson et al. 1994).

Figure 2. The calcar of the delphacid hind leg. A.
Asiracinae, B. Plesiodelphacinae, C. Stenocraninae,
D. Delphacinae, Tropidocephalini

Table 4. Delphacid interceptions at
US ports since 1986 (USDA-
APHIS-PPQ); F. Kuehn, DE Dept

Ag, pers. com.)

Identification

Asiraca clavicornis**
Calligypona sp.**
Delphacodes puella
Delphacodes sp.
Laodelphax striatellus**
Liburnia sp.*

Nilaparvata lugens **
Nilaparvata sp.
Peregrinus maidis
Perkinsiella saccharicida
Saccharosydne sp.
Sogata sp.*

Sogatella sp.
Stenocranus sp.
Tagosodes sp.
Tarophagus prosperina**
Family ID only

# intercept.

PwWkRrRrRRPRRRESMORRERRR

349

total

407

*Genera of dubious standing.

** Taxa not occurring in North America.

Subsequently, two workers have suggested classificatory revisions based on phenetic

examinations of taxa (viz. Emeljanov 1996, Hamilton 2006).




The examination of the higher phylogeny of the Delphacidae is the subject of ongoing research
by the Pl and Jason Cryan (New York State Museum, Albany; NYSM). Cryan and Bartlett (in
prep.) produced a hypothesis (Fig. 3; the Vizcayinae, 2 genera and 10 species from tropical
Asia, not available for molecular research), based on 18s, 28s and morphology using 129
ingroup taxa (Genbank currently includes only 30 delphacid taxa). The higher phylogeny is
similar to that from morphological studies except that the Kelisiinae + Stenocraninae appear to
be sister groups (supported by morphology in Bartlett 2006, also suggested by Hamilton 2006),
the Plesiodelphacinae are more primitive than previously suspected, and Asche’s “Asiracinae”
do not sort into the expected clades (viz. his Asiracini and Ugyopini, later given status as
subfamilies containing 7 tribes by Emeljanov 1996). The relationships among the genera of
Delphacini remain equivocal, because the selected data sources do not provide sufficient
support along the backbone of the tree, particularly within the most advanced taxa. As
anticipated, Delphacodes is polyphyletic (see figs. 7, 8). To improve support on the backbone
of the tree within the Delphacini, CO1 will be targeted for future extraction efforts.
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Figure 3. Delphacid phylogeny (Asche 1985, 1990) (left) aneliminary results of maximum
parsimony analyses (Cryan and Bartlett, unpublish&avo trees, 129 taxa (Cl=0.513, RI=0.640,
RC=0.329, HI=0.487; numbers above branches arestrap support value:

e. Recent related activities

My research program targets the systematics and biodiversity of planthoppers. Recently
completed work includes revisions of the delphacid genera Metadelphax, Toya, and Nilaparvata
(Bartlett 2007, Gonzon & Bartlett 2008), an inventory and diversity study of the planthoppers of
the Great Smoky Mountains National Park (Gonzon et al. 2007), and a study on the host
affinities and distribution of selected sedge-feeding planthoppers (Bartlett & Wheeler 2007). |
have a database of world delphacid species that has been submitted to the USDA Integrated
taxonomic Information system (ITIS), but is not yet available online. The database is currently
available on the Discover Life website (http://stri.discoverlife.org/

mp/20g?gquide=Delphacidae species), and Dmitry Dmitriev’'s 3i website
(http://ctap.inhs.uiuc.edu/ dmitriev/3i_keys.asp). | am currently working on a manuscript with
Jason Cryan (NYSM) on the phylogeny of the Delphacidae.

In addition, an unpublished manuscript (Bartlett et al. in prep) provides dichotomous keys to all
North American planthopper genera that were developed for a WPDN teaching workshop in




2006. This manuscript has photographs of 128 of 163 genera. Completion awaits support to
finish the photography of an additional 25 available genera and to defray publication costs.

f. Stakeholder Input

For this proposal, | solicited input from the primary target users including APHIS,
representatives of regional or the National Plant Diagnostic Network, and extension agents.
Input was also sought from academic researchers, as a secondary target audience for these
resources. From both target groups it was emphasized that the taxonomic and geographic
scope of the resources be made clear to users, and the development of high quality
photography and clear illustrations is critical, particularly for species confirmation.

APHIS and extension personnel were extremely supportive and provided a variety of instructive
suggestions. It was emphasized that the project scope includes foreign taxa of potential
economic concern, particularly known disease vectors and taxa intercepted in the past. It was
suggested that species known from Mexico be included, but contrasted from other invasive
species since the Mexican fauna is of lower regulatory interest. Several suggestions regarded
how to make the resources useful (i.e., “as simple as possible”) for inexperienced users,
beginning with pictorial and/or key based resources to enable users to recognize the families of
Auchenorrhyncha to help users recognize delphacid planthoppers. A quick-reference pictorial
guide to important invasive species and common North American species was suggested as a
useful feature to allow identifiers to quickly recognize non-native taxa of concern (one
stakeholder noted that his users tended to rely heavily on photographic ‘picture book’ type
identification). Similarly, fact sheets will be the most importance source of information for
individual species. The fact sheets will include information on plant pathogens vectored and
links to resources regarding the pathogens, their symptoms, and economic importance. It was
also suggested to include a morphology guide, and a description of techniques; including
specimen collection, preparation, and genitalic dissection.

It was noted that APHIS has a site wide license for Lucid, so it is the main electronic source for
survey, detection, and identification of potential pests and diseases. For the Lucid keys, the
principal target audience will need to quickly identify specimens determine their potential
importance, but are unlikely to have any training in the morphology or identification of
planthoppers. This need may be viewed in contrast to researchers who may have greater
willingness to study taxonomic features and have greater need for exhaustive identification
resources. This contrast suggests the need for two keying systems, one simplified (fewer
genera and species), more user-friendly, including only common and economically critical taxa;
the second exhaustive, containing all treated species, and inherently more technical.

Academic researchers in planthopper systematics similarly suggested an emphasis on rapid
identification with high quality images; however, researchers suggested the information include
discussions of evolution, biogeography, host plant affinities (in an evolutionary context), and
comments or links to molecular resources (viz. Genbank). It was noted that difficulties in
identification of delphacids has complicated phylogenetic, evolutionary or biogeographic studies
of these planthoppers, and an authoritative identification guide would be of considerable help.

3. Project Design
a. Objectives

1. Craft online identification tools for U.S. delphacid species and potential invasives
of economic concern using Lucid3 software.

2. Provide a general and species level information system, with emphasis on
economic taxa.




3. Train two students in phylogenetic systematics through investigations of
monophyletic segregates from the polyphyletic genus Delphacodes.

b. Methods
1. Objectives 1 & 2: Keys and online resources.
Rational, feasibility

Delphacid planthoppers are high-risk vectors of plant pathogens, but our ability to diagnose
native or potential invasive species is greatly limited. This “taxonomic impediment” is also the
primary research limitation on these organisms (e.g., to develop DNA barcoding technologies).
Once a species has been identified, it may be difficult to assess its economic significance. The
target audiences for the resources developed in this project may need either quick answers or a
comprehensive expert system, or both. For this reason, it is proposed that two identification
keys be developed: one that is less technical directed at port inspectors and field practitioners,
containing only species that are common, potentially invasive, or of economic concern; the
second will contain all species north of Mexico plus potentially invasive species. The
information system will allow quick access to information and impact of native and potentially
invasive species as well as resources for academic researchers.

Techniques/Methods

Development Software

The online keys will be developed using Lucid3 (Fig. 4; currently ver. 3.4;
http://www.lucidcentral.com/). Lucid is expert system software specifically designed for
development of interactive, multimedia, online identification keys and associated features such
as species pages (“fact sheets”). Fact sheets will be developed with the assistance of Lucid’'s
Fact Sheet Fusion to facilitate the rapid generation of standardized fact sheets in HTML or XML.
Once developed, Lucid expert systems are run interactively online, and can be “cloned” and
distributed by CD or the Internet. Lucid tools includes matrix key development packages (Lucid
Professional 2.1 and Lucid3), a dichotomous key development package (Lucid Phoenix) to
facilitate development of keys for traditional publications. Support is also requested for web
development (Dreamweaver CS3, Adobe Creative suite 3) and graphics management
(Photoshop CS3) software. Auto-Montage
Pro is requested to upgrade current
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Figure 4. Screenshot of Lucid key Aquarium and
Pond Plants of the World (Winterton and Scher 2007)




Species fact sheets (species pages)

All treated species will have a species page generated for them using Lucid Fact Sheet Fusion.

This program allows transformation of fact sheets into HTML or XML so detailed familiarity of

these formats is not required. Species pages will include common name, higher taxonomy,

synonyms, distribution, species

diagnosis/recognition, available

photographslillustrations, host plants, life history

(if known), economic importance (including any

vectored pathogens, with links to further

information), natural enemies, molecular

resources (names or sequenced genes with

references and links to Genbank), and

abbreviated references (hyperlinked to master

reference list). Species of economic

importance will have information on plant

pathogens vectored and links to resources

regarding the pathogens, their symptoms, and Figure 5.Stenocranus brunne(eft lateral, dorsal

Importance. and frontal views, left lateral view of pygoferjdn
Bartlett & Wheeler 2007)

Bibliography and PDEF literature

A bibliography of literature broadly relevant to North American Delphacidae will be included.
Literature references throughout the website will be hyperlinked to the bibliography. PDFs of
literature will be available for download where copyright allowed. This list will be culled from a
6000+ reference planthopper bibliography that | maintain for my research.

Morphology and Ontology Guide (Keypoint graphics)

To assist users an interactive morphology guide will be developed with the assistance of
Keypoint Graphics (http://www.keypointgraphics.com/) (Fig. 6). Keypoint Graphics has
previously produced a morphology guide to thrips (http://www.keypointgraphics.com/Guide/2-
18-08.html). The guide will present a visual representation of all important morphological terms
intended to assist users in understanding taxonomic features. The interactive delphacid
morphology guide will be a compact, stand-alone piece of software designed to teach the
fundamentals of delphacid morphology. Using Adobe Flash technology, the Guide can be made
available on the Web or as a very small program included on a CD. The user simply clicks on
terms (on left) or parts of the illustration to highlight parts and obtain a description. The term list
will include alternate and preferred terminologies. The list of terms and their meanings will be
developed by the PI. A fully developed ontology for planthoppers is not an anticipated product
of this project, but this tool will be developed with a future formal ontology project as a goal.

Lucid3 Key Development

The Lucid key is created through the development of a list of taxa, a list of features and states,
coding the features appropriately for all taxa, and adding illustrations. The initial taxon list and
set of features and states to be coded have already been developed. The preliminary set of
features and states will be imported from a DELTA dataset coded previously for phylogenetic
analyses (e.g., Fig. 3; Lucid is capable of importing data from DELTA). The phylogenetic
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dataset contains 155 taxa coded for 135 features. This dataset will then be reviewed and
modified for taxonomic (rather than phylogenetic) purposes to comprise the initial dataset.

In the development of the identification system, all included species will need to be
photographed. The basic image set for a species is a full lateral view, full dorsal view, frons, and
genitalia (e.g., Fig. 5); however, ideally the image set would include lateral and caudal genitalic

Figure 6. Mock-up representation of interactive morphology antology guide from
Keypoint Graphics based on previously developeigpghguide. Guide will include a
variety of views of structures where the art isldible to identify structures or the
alphabetic list of morphology terms is clickablestmow structures on drawings with
definitions and comments presented at right.

VIEWS pIu_S views of the parameres and Table 5. Neotropical species not reported in the US to
the disarticulated aedeagal complex include in Lucid key.

(which may be as line drawings). Other

features will be needed to illustrate the Anchidelphax havanensis Falcotoya crawfordi

Chionomus balboae Neomalaxa flava
key, such as the calcar, antennae, legs Delphacodes mesada Phrictopyga contorta
and dorsal view of head and prothorax. Delphacodes koebelei Tagosodes albifacies
| anticipate needing nearly 2,000 quality  Delphacides vaccina Tagosodes albolineosus
photographs and up to 1,000 line Euides afasciata Tagosodes approximata
drawings (mostly of the parameres and Euides fasciatella Tagosodes wallacei

aedeagus). For photography, | currently

use a Nikon SMZ-1500 Digital Imaging Workstation with Nikon DS-U1 digital Camera and NIS-
Elements AR 2.30 Imaging software (upgraded from Eclipse Net ver. 1.16.6). | request support
for software and hardware to upgrade this system to Auto-Montage. Line drawings are usually
traced from photographs. | anticipate the task of preparing these images will require a period of
time in excess of that which can be allocated by the PI or his students; therefore | am requesting
support for a technician to devote primarily to this task. (Our department has a technician whose
support expires at the end of this calendar year who would be ideal for this project, particularly
since she has an art background. | employed her skills for drawings in Bartlett 2007).
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Table 6. Potentially invasive species to include in Lucid3 key. This includes
species known to vector plant diseases in economic crops, or occur commonly
on crops; and species that have been invasive elsewhere (e.g., Hawaii).
Chilodelphax albifascia Muellerianella fairmairei ~ Sogatella vibex

Coronacella sinhalana Nilaparvata bakeri Tagosodes pusanus
Delphacodes kuscelli Nilaparvata lugens Tarophagus prosperina
Dicranotropis hamata Nilaparvata muiri Tarophagus colocasiae
Eoeurysa flavocapitata Opiconsiva paludum Terthron albovittatum
Eupetopina flavipes Perkinsiella vastatrix Toya dryope

Javesella discolor Perkinsiella vitiensis Unkanodes sapporonus
Javesella dubia Ribautodelphax notabilis Unkanodes tanasijevici
Laodelphax striatellus Sardia rostrata

Megadelphax sordidulus  Sogatella furcifera

Taxonomic representation

Two Lucid keys are to be developed. One will be to the economic, potentially invasive, and
common species of delphacids (the “abridged key”). This key will be developed for a more
general, less-technical audience. The short key will consist of approximately 90 native and the
28 exotic species, representing all the species of known economic concern and all common
taxa. The second key (the “exhaustive key”) will treat all species found north of Mexico, plus
potentially invasive species. This will include 322 delphacid species known to occur north of
Mexico (i.e., the contiguous US, Canada, and Alaska), plus 14 Neotropical species (Table 5),
and 28 potentially invasive species (Table 6), for a total of 364 species. The Neotropical
species were selected to be included because of the presence of these taxa in latitudes near
US boarders, their similarity to taxa occurring in the U.S., or because | am aware of unpublished
specimen records from the U.S. The 28 potentially invasive species were chosen because of
their known economic importance as vectors of plant diseases in crop systems or because they
have been intercepted in the past or are invasive elsewhere. Because of the nature of Lucid
keys and their development, it will be a relatively simple matter to include additional species if
more taxa of interest are recognized.

Available taxa

Of the 364 species to be included in the key, | currently have specimens of 254 (71%) available
to me now either in the UDCC collection or on loan. Additionally, the two largest insect natural
history collections in the United States (American Museum of Natural History, National Museum
of Natural History) are a day trip from the University of Delaware. A known difficulty is that a
few species are either exceptionally rare in collections (e.g., Kormus californicus Crawford,
1914, is known only from the female holotype), or of doubtful taxonomic status (e.qg.,
Delphacodes rivularis (Germar, 1830) is only known from the type specimen, which is lost).
Similar issues might be expected from any taxonomic group. Problematic taxa will be treated in
the information system, and available information for all nominal taxa included on species fact
sheets, although such information is primarily of interest to academic researchers. Including
such taxa will be important for future research in systematics.

Personnel and responsibilities

There are anticipated to be 2 primary participants (Pl and technician), 2 secondary participants
(ms students), and technical support in the development of the key and website resources. The
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P1 will provide the overall direction of the project including training the students and technician,
and overall design features and final site content, although aspects of the site content may be
delegated to the technician or students. The technician will be primarily responsible for
photography and other art, compiling data (including coding species for the lucid key), and some
of the mechanics of website development as needed. Character coding will be primarily by the
P1, with suggested codings interrogated by others through keying exercises. Two students in
phylogenetic systematic will contribute to the site content with regard to the taxa that they are
revising. Technical support in website development will be provided by University of Delaware,
College of Agriculture and Life sciences IT support personnel (viz. a web developer and a
database IT person, budgeted for ~5% of their time; see letter of support). As part of this
project, an interactive morphology guide will be developed by Keypoint Graphics (see below).

Other User feedback & Evaluation

The information system and beta-version of the “abridged key” is anticipated to be available by
the end of the second year of this project. The beta-version of the exhaustive key will be ready
late in the third year of this project (this timeline is similar to that suggested by APHIS-PPQ for
key development; T. Walters, pers. com.). Initial tests (pre-beta version) of the utility of the key
will be made by my colleagues and my insect taxonomy students. Products (i.e., keys and
information system) can also be presented at the national meetings of the Entomological
Society, and at the annual meeting of the CSREES W2185 project (Biological Control in Pest
Management Systems of Plants). The beta-version keys will be sent to Terrence Walters
(USDA-APHIS-PPQ), for peer and client reviews. Terrence is leader of the Identification
Technology Program and in charge of evaluating Lucid tools relevant to PPQ. This review
process is very similar to a referred journal article, requiring 2 peer and 2 client reviews. The
keys will also be reviewed less formally in a Lucid Player Workshops held by USDA-APHIS-
PPQ in alternate years (in 2007 there were 10 workshops held throughout the country mainly at
ports of entry).

Dissemination of Key

The completed Lucid3 key, together with the morphology guide, will be hosted at the University
of Delaware within the context of the delphacid information system developed with this project.
It will also be uploaded to www.lucidcentral.com, and available for online distribution bundled
with the delphacid morphology guide. It is anticipated that there will be a period (1 year or
more) of beta and user testing of the key (following the completion of the supported portion of
this project) before a final version is released. A final CD will be published by the Centre for
Biological Information Technology (University of Queensland) minimum of 500 about $2,500)
with design, printing, and mailing.

Regional and National “Pest alerts”

As a tool to disseminate information about high-impact delphacid species, national or regional
“pest alerts” (http://ncipmc.org/alerts/index.cfm) will be developed, published, and distributed in
cooperation with the North Central Integrated Pest Management (NCIPM) center (see letter of
support). These “pest alerts” are flexible tools providing information regarding the recognition,
distribution, life history, crops impacted, pathogens vectored and symptoms, monitoring and
control of high impact species. The initial content of the pest alerts will be developed by the PI,
with graphic designer, layout, publicity, peer review, availability, request for orders, printing,
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distribution of printed copies and posting on the web at national or regional IPM centers
coordinated in cooperation with the NCIPM center. Cost estimates for these were developed
with the assistance of Susan Ratcliffe of the NCIPM center, with $500 each budgeted for
development of 4 PDF-only pest alerts, and $2,500 each budgeted for development of 4 PDF
plus 25,000 copy print versions. It is anticipated that PDF-only pest alerts will be developed for
Tagosodes spp. (T. orizicolus and T. cubanus), Laodelphax striatellus, Tarophagus prosperina,
and Eupetopina flavipes and print plus PDF pest alerts will be developed for Nilaparvata lugens,
Perkinsiella saccharacida, Sogatella spp. (S. kolophon, S. molina, and the exotic S. furcifera
and S. vibex), and Peregrinus maidis.

Distance learning

Should it become desirable because of a delphacid outbreak or the accidental introduction of a
potentially high-consequence pest species, | will collaborate with the NCIPMC to conduct live
distance-learning workshops for education or training purposes to interested and key personnel.
Because such workshops would be developed according to need, rather than on a calendar
basis support for such activities is not a component of this project but would be sought
externally; however, the resources needed to conduct such workshops would be developed as a
product of this proposal.

2. Obijective 3: Taxonomic revisions and description of student projects
Rational/feasibility

A known difficulty in the development of the identification system is there are no revisions or
published keys to some genera. For ‘valid’ (monophyletic) genera, such as Javesella, Euides,
and Nothodelphax, novel identification tools may be developed with limited difficulty by coding
features; however, the genus Delphacodes is large (84 species North of Mexico) and there are
no keys for regions larger than states. Furthermore, this genus is polyphyletic; properly defined
as including only 10 Palearctic species (e.g., Wagner 1963, Asche & Remane 1983, Asche
1985, Holzinger et al. 2003), leaving all New World Delphacodes incertae sedis. In my key to
genus developed for the 2006 WPDN teaching workshop, Delphacodes keys out independently
14 times. Eighteen of 31 port-intercepted delphacids identified to genus were Delphacodes, but
the lack of proper identification tools makes species recognition untenable without reference to
authoritatively identified specimens. Recharacterizing Delphacodes into practically diagnosable
monophyletic units is important both from the standpoint of developing sagacious identification
tools, but also is a central component in phylogenetic research.

To address this, two Master’s level students will be trained in phylogenetic systematics by
revision of monophyletic segregates of New World Delphacodes. To provide students with all
the tools necessary for modern systematics, the projects will include molecular and phylogenetic
components, as well as the development of traditional taxonomic tools and contributing to the
online information system. Molecular and morphological phylogenetic investigations are already
underway as a component of NSF DEB-0342538 (PI's Cryan and Bartlett), and the phylogenetic
investigations proposed here are expected to supplement ongoing investigations. For the
purposes of this proposal, | will reference preliminary phylogenetic work presented by the PI at
the ESA National meeting in Ft. Lauderdale. The analysis included 128 informative
morphological features plus ~2000 aligned base pairs of 18S and 28S rDNA genes. The
analyses included 129 ingroup delphacid taxa and resulted in 2 trees (CI=0.515, RI=0.640).
These analyses showed strong support for the higher groupings of Delphacidae, but additional
data from more rapidly evolving genes is desirable to improve support values for clades within
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the Delphacini (Delphacodes are advanced Delphacini). For this reason, in the following two
projects, students will collect sequence data from CO1 gene and add it to the existing 18s and
28s data as a part of the phylogenetic component of this project.

Project 1: The “Delphacodes andromeda” and “Delphacodes puella” species groups.

This project involves two related species groups. The “Delphacodes puella” group (10 species,
plus 8 possible?) are probably paraphyletic with the Neotropical genus Chionomus (2 described
+ 1 undescribed species). The “Delphacodes puella” group are allied with Harmalia (12
species, mostly Indo-Malayan and Pacific); and Coronacella (1 species, Indo-Malayan and
Pacific). This project will revise Chionomus and the “puella” group to establish new generic
limits, using Harmalia and Coronacella as the immediate outgroups.

The second group, the “Delphacodes andromeda” species group (8 species plus 5 possible?),
appear as a near-sister group to the “puella” clade. Two members of this group have been
moved onto Caenodelphax (viz. atridorsum by Bouchard et al. 2002, and nigriscutellata by
Hamilton 2002). Although inclusion of these two species
gave Caenodelphax a species composition of 4 species,

ouRgIONpS,

(g ‘ Hamilton (2002: 17) stated that this genus was
Caenodelhax teqpae composed of “... a tropical genotype and 10 Nearctic
(several tava) species (currently placed in Delphacodes)...".

Preliminary phylogenetic analyses do not support this

Toya, Metsdeipher, Syndephax placement, with the type species placed well outside of

L andromedds” group the “Delphacodes andromeda” group. This suggests
that Caenodelphax, should remain a Neotropical genus

L "puelld” qrop of two species (C. teapae and C. philyra, the latter

Chionomus probably a junior synonym of the former), but support

values were not strong, which counsels for additional

, data and analyses to establish these relationships.
Frarmalz Collectively, this project focuses on the generic affinities
Coronacelfa of up to 31 Delphacodes species, plus the small
Neotropical genera Caenodelphax and Chionomus

£ puelly’ goowp

Sardia, Sooatella Tagosades

Figure 7. Excerpt from preliminary
phylogenetic analysis using Project 2: The “Delphacodes campestris” species group.

morphology, 18s, and 28s showing
placement of Delphacodes
andromedaand “puelld’ groups (2
trees, Cl=0.0513, RI=0.640) (Cryan
and Bartlett, unpublished).

The purpose of this project is to phylogenetically revise
and propose valid generic constructs for the “D.
campestris” species group. For reasons outlined below,
the status of the genera Muirodelphax, Pinodoxa, and
Kosswigianella will be examined with respect to the “D.
campestris” clade.

! Included species are Delphacodes puella, D. sagae, D. aculeata, D. arcuata (=D. albinotata), D.
vaccina, D. pacifica, D. quadrispinosa, D. banosensis, D. penepuella, D. silvae, and possibly including D.
gluciophila, D. bellicosa, D. concava, D. dissipata, D. quadridentis, D. securigera, D. venusta, and D.
ardentis.

% Included species are Delphacodes andromeda, D. adunca, D. xerosa, D. nigrifacies, D. latipes, D.
aterrima, Caenodelphax atridorsum, and C. nigriscutellata, plus possibly Delphacides nitens, D. atrior, D.
dentipennis, D. nigridorsum, and D. saxicola.
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In our preliminary phylogeny, the 5 included species in this group (D. campestris, D. lutea, D.
lutulenta, D. emeljanovi, D. atralabis) formed a monophyletic clade with sister group
Kosswigianella (sensu Hamilton 2002, including

(outgrous) Acanthodelphax; 5 Palearctic, 3 Nearctic species), and both
allied with Muirodelphax (5 Palearctic species). Based on
- morphology, this group also includes D. arvensis, D. rotundata,
Kosswiglanella D. lutulentoides, D. perusta, D. nigrinota, D. penelutea, D.
D “campesiris’ gioug koebelei, and D. parvula; possibly also D. atrata and D.
nigrinota. Hamilton and Kwon (in press) has proposed including

Unkarodes

| r 1 3 . . - . .
ﬂl?uarodep.’@x D. lutulenta with Kosswigianella, has moved several species into
Gravestainelia Muirodelphax (viz. D. arvensis, D. parvula, D. atralabis plus two
iseveral taxal proposed junior synonyms) plus one new species and one

reinstated species (D. unda). In addition, Hamilton and Kwon (in
press) included Pinodoxa (2 nominative taxa, usually treated as
subspecies; Palearctic; not available for our molecular work) as
E)Iacement of the _ a junior synonym of Muirodelphax; however, his treatment was

Delphacodes campestfis  yhenetic, with no explicit phylogenetic hypotheses presented or
group (same data and states gy antitatively tested. Collectively, this project will involve 32 taxa
as fig 7) (Cryan and Bartlett, (incjuding the new species) for the phylogenetic ingroup
unpublished analyses. Of these 10 (D. atralabis, D. lutea, D. campestris, D.
emeljanovi, D. lutuleta, D. koebelei, D. rotundata, Kosswigianella analis, K. denticada, and
Muirodelphax aubei) species are currently available for molecular study, and 19 are available for
morphological study prior to seeking specimen loans. Outgroups will include Gravesteiniella
boldi, Unkanodes silvaticus, and at least 3 other phylognetically more distant taxa within the
Delphacini.

Figure 8. Excerpt from
preliminary analysis showing

Techniques/Methods

Phylogenetic Systematics

i. Morphological revisions.

The two systematic students will conduct a morphological species revision plus a molecular and
morphological phylogenetic study to be published in traditional print form, plus they will
contribute to the online identification and information system. A portion of this investigation will
involve defining the generic limits among the “Delphacodes” species of interest and
phylogenetically close genera to define an ingroup taxon set, possibly resulting in a redefinition
of sister taxa. The revisionary studies will utilize similar techniques to those utilized by the Pl in
prior studies of this general nature (e.g., Bartlett & Deitz 2000, Cryan & Bartlett 2002, Bartlett
2002, 2006, 2007; Gonzon & Bartlett 2008). The morphological study will include examining
specimens of all ingroup taxa (including junior synonyms) to determine the number and
morphological limits of ingroup species, and the literature exhaustively investigated to determine
the proper nomenclatural status of each taxon and compile host and geographic records. All
available specimens of ingroup taxa will be examined so that morphological variability, seasonal
and temporal variation. Primary type specimens will be examined to validate species concepts.
All valid ingroup taxa will be described and illustrated, compared with similar taxa, with recorded
hosts and distribution reported from literature and specimen records. A key to ingroup taxa will
be developed with appropriate features coded into the Lucid key dataset.
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ii. Phylogenetic Data

Systematic students will generate morphological and DNA sequence data during the
Delphacodes revisionary projects. Molecular data matrices will include nucleotide sequences
from existing 18S and 28S data, plus a CO1 data that they will generate from all available taxa
in the focal groups, plus 5 outgroup taxa. Basic molecular laboratory training for students will
primarily occur in the laboratory of Carl Schmidt (UD, see letter of support), supplemented by
Jason Cryan (NYSM, see letter of support) who has considerable experience in
auchenorrhynchan molecular systematic (Cryan et al. 2000, 2004; Cryan 2005; Urban & Cryan
2007). Cryan has approximately 200 delphacid taxa entered into his frozen tissue collection
available for molecular study. All molecular vouchers used in this study will be deposited in the
frozen tissue collection at NYSM. Species not already available for molecular research will be
sought local collecting or through the cooperation of colleagues, but taxa critical for phylogenetic
research are already available. Expenses generated from collecting activity are anticipated to
be minor and can be taken from the miscellaneous supply budget.

Morphological characters will be coded and organized using the DELTA editor (Version 1.04,
Dallwitz et al. 1999; http://delta-intkey.com), which also allows output of natural language
descriptions, and exports data directly into PAUP* format. DELTA is preferred because of its
familiarity to the PI, continued use of this program in his ongoing research and the convenience
of exporting data into PAUP*. Students will code morphological features by examining
specimens. The initial dataset will be culled and modified from a 137 taxa, 155 feature dataset.
Specimens for morphological character coding, if not available at UDEL or collected during this
project will be borrowed from appropriate institutional collections. The phylogenetic data sets
will be analyzed independently and concatenated for combined analyses. Morphological
analyses will include all ingroup taxa, but combined analyses will be parallel (i.e., will include the
same taxa), since not all taxa will be available for molecular study.

iil. Molecular Data and Protocols.

Molecular protocols and sequence primers will follow techniques described in detail by Urban
and Cryan (2007). DNA will be extracted using Qiagen DNeasy Tissue Kits and stored at -80°C
in purified H20, with specimens given voucher codes, and stored at -80°C in 95-100% ethanol.
The DNA extraction protocol does not destroy tissues allowing extracted specimens to be used
for morphological examination. PCR amplification will be conducted including negative controls
to detect contamination, with products visualized on 1-2% agarose gels, purified using EXoSAP-
IT purification kits, and sequenced with d-Rhodamine Terminator Cycle Sequencing Ready
Reaction with AmpliTagFSO DNA Polymerase and by capillary tube electrophoresis on a
PrismQ 3700 automated DNA sequencer.

DNA Loci. Cryan has sequenced ~2 Kb of both the 18S and the 28S rDNA genes for analyses
(e.g., figs 3, 7, 8, Cryan and Bartlett in prep, see also Urban & Cryan 2007). In the analyses
thus far, 18S and 28S have shown their utility as phylogenetic information sources among the
more basally derived taxa, but these genes to not appear to provide sufficient data for strong
phylogenetic signal among the more derived taxa. For this reason, these studies will add the
mitochondrial protein-coding gene COL1 to the molecular data that we already possess to obtain
more robust phylogenetic analyses.

Sequence Alignment. Complimentary strands of DNA are sequenced for confirmation. Editing
of nucleotide sequences, contig assembly, consensus sequence calculation, and manual
alignment of consensus sequences are performed using with Sequencher™ 4.6 (Gene Codes
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Corporation, Ann Arbor, MI) for Windows. Complete nucleotide sequences will be made
available on GenBank. Alignment of protein-coding genes will be unambiguous due to the
functional codon constraints to which these loci are

subject. In cases of ambiguous alignment, the multiple alignment algorithms in ClustalX
(Thompson et al. 1997) may be applied to improve alignment (i.e., hypotheses of nucleotide
homology).

iv. Phylogenetic Analyses.

Phylogenetic reconstruction will investigate maximum parsimony and Bayesian analyses for
combined datasets and maximum likelihood for molecular data alone. Such analyses will be
conducted both for exploratory purposes and for the edification of students conducting the
phylogenetic investigations. Maximum parsimony analyses will use PAUP* 4.0 beta 10
(Swofford 2003) using typical search options. Bremer support (=Decay Index; Bremer 1988,
1994) and partitioned Bremer support values (Baker & DeSalle 1997) will be calculated for
nodes of the combined data partition topologies using the computer program TreeRot.v3
(Sorenson 1999) and the constraint tree option of PAUP*. Bootstrap analyses are performed to
assess support for individual nodes of the resulting phylogenies. Partitioned Bayesian will
utilize MrBayes 3.1 (Ronquist & Huelsenbeck 2003). Partitioned Bayesian analyses, with
partitions defined for each DNA sequence data set as well as codon positions within protein-
coding gene data sets, will be unlinked and estimated under the statistically appropriate model
as determined by using Modeltest 3.7 (Posada & Crandall 1998). Analyses will be run for 25
million generations, with trees sampled at intervals of 1000 generations. The first 5000 sampled
trees will be discarded as "burn in" (Huelsenbeck & Ronquist 2001), with the remainder used to
construct a 50% majority rule consensus tree.

4. Project Timeline and Expected Outcomes.

Table 4. Summary and timetable

Timeline and target dates

Operation 1 2 3 4

Year A summary timetable is provided in Table 4. The
Recruit graduate students X technician will be recruited early in the first year
Recruit technician X (it is anticipated that the current department
Graduate student training X X X technician will be available). A functional
Graduate student theses X information system is expected to be available by
E:}?‘éﬂolo T Socie of X the end of the first year of the project, with
America (8\// studentsgl impr_ovements and additional information

NIMSS W2185 Biological X X X contlngously gdded theregfter. The mprphology
Control in Pest Management guide is anticipated to be in beta-version by early
Systems of Plants in the second year. A beta-version of the
(w/students) abridged key should be available by the end of
Deliverables the second year; and a beta-version of the
Information sys. X X exhaustive key by the end of the third year in
development time to be beta-tested in the Lucid Player

Key development X X Workshops in 2011. This suggested timeline for
Key beta/distn X X development of the Lucid identification projects is
ﬁ?g’r‘;:‘;z?r']ségstem x x X X' comparable to that suggested by APHIS-PPQ for
Morphology guide % key development; T. Walters, pers. com.). Pest

Pest Alerts X alerts are scheduled to be completed during the

third year. Students will be recruited early in the
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first year to begin during the fall semester. The program anticipates presentation of a project
proposal in a department seminar during the second semester, and completion of classes in 4
semesters. Preliminary exams are given in the last semester of classes, with the thesis
completion and defense expected during the semester following completion of classes.
Students will be presenting at the Annual National meeting of the Entomological Society of
America and the NIMSS W2185 Biological Control in Pest Management Systems of Plants
annual meeting. The Pl is anticipated to present at each of these annual meetings. A final
version of the Lucid keys is expected in the year following the completion of the funded portion
of this project to allow for user feedback and subsequent modifications.

Expected Outcomes

The development of the Lucid keys and information system will facilitate a comprehensive
review of the systematic of North American delphacids that has not been accomplished since
those of Crawford (1914), Metcalf (1923), and Muir and Giffard (1924). The identification
system will allow rapid identification and economic assessment of high impact and potentially
invasive pests in the United States for the first time, allowing for rapid assessment and response
to detections by APHIS and similar authorities. This will allow better decision-making regarding
pest interceptions and more rapid responses to potentially high impact invasive or native
species, particularly plant pathogen vectors. These resources will also be crucial for the
development of more advanced resources such as molecular identification techniques, and lay
the groundwork for the development of new arenas of expertise that had previously been
thwarted by the “taxonomic impediment”. It is anticipated that the taxonomic resources
developed in this project will facilitate development of similar resources for a broader
geographic area, especially Central America, or broader taxonomic scope (e.g., all 911 species
of planthoppers in North America).

5. Facilities and Equipment

The Department of Entomology at the University of Delaware is within the College of Agriculture
and Life Sciences. The University was originally founded as private academy in 1743, and is
one of the oldest one of the oldest land-grant institutions. The College is situated on 350-acres
of farmland, woods, cropland, and gardens. Townsend Hall is the centerpiece, housing
administrative and faculty offices, a library, computing site, and several classrooms. Other
facilities include Worrilow Hall, Fischer Greenhouse Laboratory, the Allen Biotechnology
Laboratory, and the Delaware Biotechnology Institute.

The Pl is housed within the Department of Entomology and Wildlife Ecology, and is director of
the insect research collection composed of “only” 350,000 pinned specimens. The collection of
delphacid planthoppers consists of approximately 14,500 species, and appears to be the 4™
largest delphacid collection in the contiguous US. The PI's lab includes a Nikon SMZ1500
microscope with a Nikon DS-U1 camera and NIS-Elements AR 2.30 software for photography.
Support is requested to upgrade this system to an Auto-Montage to improve photographic
image quality and speed at which images are captured. Collaborator Schmidt’s molecular
facilities (where PI's students are to be trained in molecular techniques) is fully equipped for
molecular biology with 2 Perkin EImer PCR machines, gel electrophoresis equipment and a UV
documentation system for gels.
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