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National Park Service – Haleakala National Park

I.
INTRODUCTION
A.
Title: Review of phylogenetic position of certain Geometrid moth species by molecular analysis of genetic material

B.
Date of proposal: October 15, 2002

C.
Investigators – 

Applicant (sole collector):

John W. Gruber, 

Chairman, Upper School Science Department and

Research Volunteer, Academy of Natural Sciences, Entomology Department

Friends’ Central School

1101 City Avenue

Wynnewood, AP 19096

Telephone (office): 610-645-5113

Telephone (home): 610-896-0351

Fax:  610-649-5669

Jgruber@friendscentral.org
Affiliated researchers:

Jason D. Weintraub

Collections Manager, Entomology Department

Academy of Natural Sciences of Philadelphia

1900 Benjamin Franklin Parkway

Philadelphia PA 19103-1195

Weintraub@acnatsci.org
Michael R. Canfield 
Dept. of Organismic and Evolutionary Biology 

Museum of Comparative Zoology Labs 
Harvard University

26 Oxford Street 
Cambridge, MA 02138 

mcanfield@oeb.harvard.edu
D.
Table of contents – Not applicable

E.
Abstract – As part of a broad based collection of genetic materials for study of phylogenetics within Geometrid moths, this study proposes to collect specimens of Hawaiian Geometrids to be included in a library of tissue samples available to researchers on Geometrid systematics. After collection of additional related species from other geographic locations outside Hawaii, selected regiosn of DNA will be extracted from specimens, amplified by PCR, sequenced and compared to determine extent of evolutionary relatedness among species and tribes. 

II.
OVERVIEW 


A.
Statement of issue – The classification of moths in the family Geometridae has relied primarily on anatomical features to assess the taxonomic position of individual species. Molecular techniques allow development of additional evidence to examine and refine relationships among species by comparing similarity of DNA sequences in appropriate genes. This study is designed to make use of DNA sequencing techniques to review and refine the phylogenetic relationships of certain moth species in the family Geometridae. Researchers at the Academy of Natural Sciences and the Museum of Comparative Zoology at Harvard University are interested in developing a broad library of genetic material of moths in the Geometrid family to facilitate study of genetic relatedness among species in different sub-families and tribes. In Hawaii, species in the genus Eupithecia are of particular interest because of questions about their evolutionary origin and their unique larval feeding behavior. The purpose of the current study at Haleakala National Park is to collect small numbers of geometrid moths to provide tissue samples for molecular genetic analysis. While other locations on Maui will also be sampled for geometrid moths, it would be valuable to sample at one or two sites at the higher elevations that exist within the Park boundaries.


B.
Literature summary – Very little literature exists on the phylogenetic analysis of Geometrid moths by molecular techniques. One published study examines a few of the higher level relationships among sub-families using a very limited number of species :  Abraham, David, et al., “Molecular Phylogeny of the Subfamilies in Geometridae (Geometroidea: Lepidoptera)” Molecular Phylogenetics and Evolution, 20(1) 65-77, 2001.


C.
Scope of study – While the study proposal discussed here focuses solely on the Geometrid moth species of Maui, it is a part of a broader effort by the institutions represented in the proposal to collect extensive samples of genetic material from North American Geometrid moths, and from certain geometrid genera worldwide. Collectors outside the United States are aiding this effort by providing collected specimens in the sub-family Geometrinae from other countries.


D.
Intended use of results – Results will be used solely to advance understanding of relationships among moths in the family Geometridae. 

III.
OBJECTIVES/HYPOTHESES TO BE TESTED
- The objective of the current proposal is to collect fresh genetic material of Hawaiian Geometrid moths. The specimens collected are intended to be used in investigating the phylogenetic classification of Geometrid species. No specific hypothesis is currently being tested; rather, the study intends to generate opportunites to provide molecular evidence in support of taxonomic classification. 

IV.
METHODS - 


A.
Description of study area – The proposed study area is within the boundaries of Haleakala National Park, Makawao, Maui, Hawaii. The specific location of the collecting site is flexible, and might best be suggested by park staff to provide an unobtrusive site that offers vegetation that may be favorable for moth species at elevations at or above 7000’. It is not necessary for this site to be off-road or off-trail – it may be perfectly acceptable to be at the edge of an access road or parking lot. Access should be easily accomplished by driving to the site and perhaps walking a few yards off the road. 


B.
Procedures – 

Collecting Methods – The current field collection study at Haleakala proposes collecting on one or two nights in the Park. Collection will be accomplished by hanging one or two small 15-watt ultraviolet lights running on battery power over a white sheet and collecting by hand individual geometrid moth species that appear at the collecting sheet. Hours of hand-collection would be from dusk until approximately midnight or slightly later, depending on the conditions of a particular night. Incident visible light from the ultraviolet bulbs is very low and typically seen as a very dim purple glow.  

An additional proposed collection method would be to set a small trap that employs a 15 watt ultraviolet bulb over a collecting funnel directed to a bucket in which a vial of ethyl acetate has been placed to anesthetize and euthanize moths that fall into the funnel. This trap is non-specific in its collection, and may yield some numbers of Diptera, Coleoptera, and Hymenoptera in addition to the moth species desired. The advantage of this method, however, is its ability to sample all night long without direct involvement of the collector. The trap can make use of a photoswitch to turn the ultraviolet lamp on at dusk and turn it off at dawn. It may be placed in a location out of sight of park visitors before sunset and collected the following morning. Identification and curation of specimens collected in the trap will focus on the Lepidoptera species.

Genetic material will be extracted from preserved moth tissue, and selected DNA regions will be amplified by PCR methods and sequenced for comparison with other related Geometrid moth sequences. Similar analysis of genetic material from other geometrid species is currently being conducted at the MCZ laboratories at Harvard. Extraction and purification of DNA is confirmed by electrophoretic analsyis. PCR primers for mitochondrial genes of the cytochrome oxidase family are used to amplify these particular DNA regions. Amplified DNA is sequenced, sequences are aligned with software, and differences among individual sequences are analyzed to build a parsimonious phylogenetic tree.


C.
Collections - Moth specimens of interest are small geometrids in nine genera in the family Geometridae (Geometroidea: Lepidoptera) -



Anacamptodes



Cyclophora



Disclisioprocta



Eupithecia



Kauaiina



Macaria



Megalotica



Progonostola



Scotorythra


None of these genera include any species that are currently listed as threatened or endangered, nor is collection proposed for any species that is a candidate for listing or currently described as a species of concern by the Bishop Museum listing. 



Collected moth specimens will be treated by two different means – for any given species, some specimens will be preserved in absolute alcohol to preserve DNA material in tissue. Wings will be clipped form these specimens and retained in glassine envelopes as voucher material and body sections, including genitalia, and legs, will be stored in alcohol and frozen. A few specimens will be retained whole and dry, to be mounted on pins for closer examination of external anatomy and morphology. For any given species, it is desirable to collect both male and female individuals, but no more than eight individual moths of any given species will be collected from the Park unless they arrive in greater numbers in an unsupervised trap. No threatened or endangered species are intended for collection, and no commercial activities are intended for any of the collected material.


Alcohol-preserved and dry-pinned specimens will be curated at the Academy of Natural Sciences of Philadelphia in the Entomology Department collections. All specimens will bear an appropriate NPS label in addition to a standard specimen collection label, and will be returned to the Park Service at the end of the loan period or at the request of the Park Service. Small tissue samples of DNA material from legs or abdomen may be shared with the Museum of Comparative Zoology at Harvard, and made available to other researchers who wish to analyze DNA sequences from collected species. 



While some specimens of these species have been collected and are in collections such as those of the Bishop Museum in Hawaii, such specimens are generally not available or appropriate for analysis of genetic material. To maximize recovery of undamaged DNA, collected specimens must be placed immediately in anhydrous alcohol and stored cold.  Kept frozen at –70 C, they can provide genetic material for analysis over a period of decades or perhaps longer. 


D.
Analysis – N/A


E.
Schedule – Mr. Gruber will be on Maui from November 10-21st 2002. It is proposed that one or two nights of collection be undertaken during this period. The specific nights for collection are flexible and can be proposed by Park staff or according to weather conditions. 

F.
Budget – Expenses are very minimal. Funding and support for DNA tissue analsyis will be provided by Friends’ Central School Science Department. Support for curation and storage of collected materials will be provided by the Academy of Natural Sciences. 
V.
PRODUCTS

A.
Publications and reports – Investigators hope to generate a scientific paper reviewing the methods and results of molecular phylogenetic analysis including the Hawaiian species. 


B.
Collections – It is proposed that collected specimens will be retained on loan to be curated at the Academy of Natural Sciences of Philadelphia. The Academy of Natural Sciences has extensive entomological collections, including a number of important historical collections. Scientists at the Academy have considerable experience in curation and storage of insect specimens, and have appropriate facilities for safe long-term storage of collected material. During the study period, the storage of alcohol-preserved specimens in Philadelphia will facilitate transport of tissue samples to laboratories at Friends' Central School and the Museum of Comparative Zoology for extraction and analsyis. 


C.
Data and other materials - Data will be kept at the Academy of Natural Sciences of Philadelphia, 1900 Benjamin Franklin Parkway, Philadelphia PA 19103-1195 and at Friends’ Central School, 1101 City Avenue, Wynnewood, PA 19096. No other materials are expected to be generated form the proposed study. 

VI.
LITERATURE CITED – 


Abraham, David; Nils Ryrholm, Hakan Wittzell, Jeremy D. Holloway, Malcolm J. Scoble, and Chirster Lofstedt.  “Molecular Phylogeny of the Subfamilies in Geometridae (Geometroidea: Lepidoptera)” Molecular Phylogenetics and Evolution, 20(1) 65-77, 2001.

VII.
QUALIFICATIONS – 

John Gruber is Chairman of the Science Department at Friends’ Central School, an independent Quaker day school in Wynnewood, PA. He holds degrees in Environmental Science and Medicinal Chemistry / Pharmacognosy. Mr. Gruber is currently on sabbatical leave and works as a volunteer research affiliate at the Academy of Natural Sciences of Philadelphia, where he is assisting in the curation of Lepidoptera specimens in the Academy’s collection. He collected geometrid moth species in Pennsylvania and New Hampshire during the summer of 2002. Mr. Gruber has also collected insect specimens for the Academy of Natural Sciences during a one-year residence in Zimbabwe in 1989.  At Friends’ Central, Mr. Gruber has led an initiative to develop a molecular genetics education and research program focusing on phylogenetics of moth species. During the summer of 2002, students at Friends’ Central school were trained in techniques of electrophoresis, PCR amplification of DNA, and DNA sequencing. A new laboratory center is currently under construction with seven new teaching labs and a research greenhouse, with an expected completion date of June 2003. 


Michael Canfield is currently a doctoral student at the Museum of Comparative Zoology laboratories at Harvard University. Mr. Canfield is currently conducting molecular phylogenetic analyses of Geometrid moth species in the genus Nemoria. He has and will continue to provide expertise and support,as well as DNA sequencing facilities, during the completion of the proposed study.

VIII.
SUPPORTING DOCUMENTATION AND SPECIAL CONCERNS - 


A.
Safety – No special issues. 


B.
Access to study sites – From “Description of Study Area,” above: The proposed study area is within the boundaries of Haleakala National Park, Makawao, Maui, Hawaii. The specific location of the collecting site is flexible, and might best be suggested by park staff to provide an unobtrusive site that offers vegetation that may be favorable for moth species at elevations at or above 7000’. It is not necessary for this site to be off-road or off-trail – it may be perfectly acceptable to be at the edge of an access road or parking lot. Access should be easily accomplished by driving to the site and perhaps walking a few yards off the road. 


C.
Use of mechanized and other equipment – An overnight light trap with a 12-volt battery, a 15 watt  UV bulb and collecting  funnel/bucket  has been proposed. This remains in the field for one overnight period. Hand collecting from a UV-lighted sheet  is an alternative.


D.
Chemical use – The light trap uses a small quantity (c 200 mL) of ethyl acetate in a vial as an anesthetizing/euthanizing agent. This volume has typically evaporated entirely by morning at the end of a collecting night. Any residual volume will be taken out of the park in its vial. Small vials of ethyl alcohol will be brought to the site to deposit collected moths for tissue preservation.
E. Ground disturbance - None

F. Animal welfare – N/A. No vertebrate species invovled.


G.
NPS assistance -  The collector would appreciate assistance form Park staff in recommending an appropriate and unobtrusive site to set up a collecting light. See VIII-B Access to Study Sites above.


H.
Wilderness “minimum requirement” protocols – N/A
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