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Abstract
It is my intention to use the Hawaiian Drosophila species in order to investigate the ecological significance of and the molecular basis of circadian behavior. The recent and dramatic radiation of Hawaiian Drosophila species will allow me to address the evolution of behavior as well as providing a model system in which to further study the molecular basis of species differences in circadian behavior.  

The first step in the proposed study will be to describe robust species specific differences in circadian behavior among closely related species of Hawaiian Drosophilids.   This will be accomplished through timed field collections.

The second step in the proposed study will be to determine if the observed behavioral differences persist under constant temperature and humidity in laboratory conditions thus suggesting that the differences are neuronally controlled by an internal pacemaker.  This will be accomplished through laboratory analysis of circadian behavior using automated activity monitors which have been made available by Trikinetics (Mark Spencer).   

The third step in the proposed study will be to analyze rhythmic pacemaker gene expression in each species to demonstrate whether or not the pacemakers of Hawaiian Drosophilids do in fact operate similarly to that described for D. melanogaster.  This will be accomplished  through immuno-histochemistry and confocal analysis using anti-bodies against the D. melanogaster clock gene products.

Overview
The evolution of Hawaiian Drosophila represents a large radiation across the Hawaiian Island chain, currently known to consist of over 500 species (Carson 1982).  Over 10 million years ago, one (or possibly two) Drosophila species colonized the early Hawaiian islands, moving to new islands in the chain as the older ones subsided (Carson 1982, DeSalle 1992). Processes of adaptation to new ecological conditions, new host species and the small size of founding populations have contributed to this remarkable radiation of species.  
Pre-mating isolation can occur when individuals fail to come together at the right time.  Such “allochronic” isolation may evolve as a consequence to adaptation to different resources or ecological conditions, resulting in barriers to gene flow and speciation. This temporal isolation may occur at vastly different scales.  For example, annual differences genetically isolate cohorts of periodic cicadas (Ritchy 2001), while seasonal variation provides a barrier for some Rhagoletis species (Feder et al., 1994). Barriers due to diurnal variation are less well studied, but may present significant pre-mating isolation in some parasitic wasp species that feed at different times of the day (Fleury et al., 2000) and in Australian tephritid flies that mate at different times of the day (Morrow et al., 2000).

Hawaiian Drosophila are known to maintain adult populations year round, fluctuating only slightly in size, (Muir et al. in review).  Field collection records have documented differences in diurnal pattern among sympatric species so it is likely that differences at these time scales play a role in species barriers.  This proposed project will focus on the ecological and evolutionary significance of species specific patterns of circadian behavior. We will test the hypothesis that genes at the core of the circadian pacemaker play a role in the species specific behavior, and that circadian behavior contributes to reproductive isolation. I propose to study Hawaiian Drosophila species, rather than laboratory D. melanogaster lines because this approach will address the evolution of behavior in natural populations as well address general questions concerning the molecular basis of circadian behavior.
It is my hypothesis that adaptive changes in circadian behavior are more likely to arise due to variation in the output pathway from the circadian pacemaker than due to variation in the molecular mechanisms of the pacemaker itself.  The “circadian pacemaker mechanism” is thought to consist of a complex and cell autonomous molecular oscillation.  That oscillation is necessary to maintain a record of daily time to orchestrate rhythmic cycles of many behaviors and physiological processes. 
The recent study of circadian biology has produced tremendous advances in understanding the molecular mechanisms of the circadian pacemaker (Allada et al., 2001; Dunlap 1999) and the molecular pathways for entrainment of the circadian pacemaker to photo-stimulation (Hall 2000).  The output pathways of the circadian pacemaker, which transmit timing information to other parts of the brain and body, are not well identified (Taghert, 2001).  Mutations have been identified which affect only specific aspects of circadian behavior suggesting the existence of multiple output pathways (Newby and Jackson, 1990; 1996; Sarov-Blatt, 2000).  It is logical to think that the output pathways may be less strictly conserved than the central pacemaker mechanism itself.  Output pathways may therefore provide a natural source of variation, and may result in behavioral isolation and even speciation observed among insect species (Morrow et al., 2000; Fleury et al., 2000; Foote per. comm.) 

I. OBJECTIVES
Hypothesis to be tested through field behavioral observation:

It is my hypothesis that species specific differences in daily activity patterns exist between Hawaiian Drosophila species.

It is my goal to use field observations in order to ask if these behavioral differences may constitute an ecologically important characteristic which may establish or maintain genetic boundaries and may therefore play in important role in the recent and dramatic radiation of species.

Hypothesis to be tested through laboratory behavior observation:

It is my hypothesis that components of species-specific behavioral differences are under the control of a neuronal circadian pacemaker and will therefore be evident in laboratory behavioral experiments under constant temperature and humidity, and even in the absence of light cycles.

Hypothesis to be tested through laboratory molecular analysis:

It is my hypothesis that adaptive changes in circadian behavior are more likely to arise due to variation in the output pathway from the circadian pacemaker than due to variation in the molecular mechanisms of the pacemaker itself, therefore I expect to find no difference in protein oscillations of the core “clock genes”.
 METHODS
i) Study Area
Currently there exist anecdotal suggestions of species specific circadian behavior between two picture wing species found at Kipuka Ki and Kipuka Puaulu in Volcano National Park. 
The target species from these sites will be Drosophila hawaiennsis and D. engyochracea.

Also there is evidence (Foote personal communication) for multiple species lek sites in the Ola’a forest.  

Potential species include D. cnecopleura D. percnosoma D. neutralis and D. kambysellisi (Shelly 1987;1988).

These two sites will be my primary sites of study and these six species are my intended study group. Though I would appreciate the freedom to explore other sites through capture and release studies in order to identify additional species appropriate for this study.

A. Procedures
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Field Observations:  It has been observed that D. engyochracea is mostly crepuscular while D. hawaiiensis is active at mid day (David Foote personal comm.)  These two species are sympatric and D. engyochracia is endemic to just two forest sites (Kipuka Ki and Kipuka Puaulu) in Volcano National Park on the island of Hawaii. This observation has been confirmed by preliminary collections with attention to circadian rhythm.  Traps, baited with fermented mushrooms are checked every 30 minutes with records of ambient forest temperature, local temperature at the bait, general cloud cover and the presence of direct sun at the bait.  Collections will be made with attention to the sex of individuals and the display of mating behavior.

Similar collection experiments will be conducted for non-picture wing species  in which males exhibit leking behavior.  
Laboratory Analysis of Circadian Behavior: A full-scale analysis of daily activity rhythms requires an automated system for continuous data collection.  The apparatus used by researchers for D. melanogaster has been adapted to house larger insects and populations of insects (Mark Spencer personal communication, Trikinetics).  Flies are housed in glass tubes, either individually or in populations of mixed sex. Food is supplied at one end and a source of moisture at the other.  The activity of the fly is monitored by a photodiode using a red light beam that is invisible to insects.  Each time the light beam is crossed the data is automatically collected by a dedicated computer.  

Among D. melanogaster, there is precedence for a sex specific daily component to daily activity rhythms (Helfrich-Forster 2000).  In natural populations of picture-wing species the male displays on vegetation and females visit the male for mating (Kaneshiro and Boake 1987).  Therefore the daily activity pattern of both male and female behavior could influence pre-mating isolation. Animals will be monitored as isolated individual as well as in mating groups of 4 – 5 flies in the population chambers to account for the highly interactive nature of the picture wing flies.  Activity will be monitored under constant temperature and humidity in both 12:12 light dark cycling conditions and constant dark conditions.

Laboratory Analysis of  Molecular Circadian Pacemaker . The first test of the hypothesis that adaptive changes in circadian behavior are due to variation in the output pathway from the circadian pacemaker  will be to determine the timing of expression for “clock gene” proteins in each species. I will use immuno-histochemistry  and confocal microscopy of whole mount brains to analyze the expression of known pacemaker genes in the specific neurons known to house the pacemaker itself (Kaneko and Hall 2001).  Brain tissue will be dissected at 4 hour intervals throughout the course of the day and stained with anti-bodies against protein products of the D. melanogaster pacemaker genes period, timeless, dClock, and.  These tissues will be blindly scored for intensity of staining and cytoplasmic versus nuclear staining.  

B. COLLECTIONS
Insects collected to generate behavioral data in the field will be released at the end of each collecting day.  For some species, it may be necessary to bring them into the lab for determination of sex in which case the flies will be release at the collection site the next day. 

The laboratory analysis of behavior and analysis of the molecular basis of observed behaviors will require maintenance in lab and sacrifice of specimens from each study species.  The two sets of experiments will be conducted on the same individuals in order to minimize the number required.  

The behavioral analysis will require approximately 50 individuals of each species (3 independent experiments of 15 animals) in order to obtain statistically significant results of the caliber expected for publication in top ranked journals.  This number of animals should also be sufficient for the antibody staining experiments.  I plan to observe protein levels of three important proteins at 4 time points over the course of the day.  Each time point should be represented by 4 individuals (3 X 4 X 4 = 48 individuals of each species)

  ANALYSIS
Behavioral data from the field will involve determining if the number of individuals collected at a baited trap at each half hour time point is statistically different between species.
Behavioral data from laboratory experiments is collected automatically by computer and analyzed according to standard software provided by Trikinetics.  This analysis determines the period of rhythmic behavior, the strength o f that rhythm and the peak phase of the rhythm.

Antibody staining data is obtained through an arbitrary scoring of staining strength in a blind experiment.

C. Schedule
I would like to start this project as soon as possible.

Much of this work is weather dependent and will require several days in the field with good consistent temperatures.  I envision 10 days of field observation for each species pair examined.  In combination with the proposed laboratory experiments this work could continue until June 2002  

B. Budget
This project is being funded a travel fellowship granted to Susan Renn from the Journal of Experimental Biology.  Additional funding is being sought from the Explorers club and Sigma Delta Epsilon society for Graduate Women in Science.  I have secured support in the form of reagents from Jackson ImmunoResearch labs, and behavioral analysis equipment from Trikinetics Inc.

Transportation and field equipment will be supplied by the lab of Donald Price, University of Hilo.

PRODUCTS
Publications
I expect to publish one comprehensive paper describing the field behavior observations, laboratory behavior and antibody studies.  Currently I anticipate submitting this paper to the Journal of Experimental Biology.

Collections

At this time I do not anticipate that collected individuals will be maintained as museum specimens or permanent lab stocks.

Data and Other Materials

Preliminary work from this project may be presented at the annual Drosophila Genetics meeting in San Diego April 10th – 14th. 
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SUPPORTING DOCUMENTATION AND SPECIAL CONCERNS

Safety- This proposal does not include any excessively dangerous activities. 

 Access- The study sites have been chosen so as to be close to well traveled which do not require 4WD or backcountry camping.

 Equipment- All field equipment will be removed from the site at the end of each day except for flagging tape to mark the trapping sites.  This tape will be removed at the end of the experiment.

Chemical Use- No chemicals will be used in the field.  The traps are baited with common grocery store mushrooms which have been fermented in water with bakers yeast.

Disturbance- Pedestrian traffic is the only disturbance anticipated for these sites, as collections require up to 24 visits to each trap over the course of the day the experimenter will be careful to use the same track so as not to trample vegetation unnecessarily.  

Animal welfare- This proposal does not include the use of any vertebrate species.

NPS assistance-  The proposed project does not require NPS field assistance.
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