T. J. Walker’s (and associates’) efforts to understand butterfly migrations in the Southeast U.S.
by T. J. Walker, January 2012 [in preparation]
From 1960 to 2000, I devoted significant time studying butterfly migrations in north peninsular Florida and their possible source areas in southeastern United States.  During this time I benefited greatly from the efforts of numerous associates and also encouraged others to independently study the migrations.  My goals changed as the studies proceeded and study methods improved.
My interest began in 1959 when I noticed from my house in an open wooded area in Gainesville, FL, numerous cloudless sulphur butterflies flying southeastward, near the ground, during quiet, sunny days in September and October.  Soon I observed that gulf fritillaries, buckeyes, and long-tailed skippers, were also flying straight-line paths and that these paths essentially coincided with those of the more conspicuous cloudless sulphurs.  Individuals of all four species seemed to pursue their straight-line paths independently and would maintain their compass bearing even when they encountered a house or other major obstacle by flying over it rather than deviating to the right or left.  These observations occurred when time-compensated, sun-compass orientation was being demonstrated in a variety of animals, and I wondered if these butterfly migrants, which maintained their southeastwardly directions throughout the day, might be another example.  As a first step toward testing this notion, I built an octagonal screen cage made of eight screen panels 1.5m tall and 0.6m wide to determine if butterflies captured while migrating would show their migratory direction when caged.  If they did, the plan was to test the sun compass hypothesis by observing the orientation of individuals caged indoors with a fixed artificial sun throughout an outside day.  Initial tests, both indoors and out, showed that getting caged butterflies to reveal their migratory directions would be difficult at best.  Nonetheless, in 1962, at the annual meeting of the American Association for the Advancement of Science in Philadelphia, PA, I presented a paper describing the migration and my initial (negative) results of trying to determine the means of orientation.  I was chagrined to find I had failed to convince one outspoken audience member that the butterflies were even flying similar compass directions.  So I added two goals to my agenda:  Prove to skeptics that the butterflies in question kept similar bearings when they were steadfastly flying straight line paths and to estimate the numbers of individuals apparently flying down the Florida peninsula in the fall (in excess of the numbers apparently flying up it). 
In 1963, Richard T. Arbogast, entered the Entomology graduate program at UF.  He came with a long-term interest in butterflies and under my supervision completed a thesis on the biology and migration of the gulf fritillary in Florida.  He extended and refined my attempts to show whether migrants were using time-compensated sun-compass orientation but without success. On the more rewarding side, he developed skeptic-proof methods for quantifying the direction, air speed, and ground speed of migratory flights.  He confirmed that gulf fritillaries migrated southeastward through Gainesville in fall and showed that the migratory direction did not change with time of day or wind direction and that air speeds, but not ground speeds, were similar in tail winds and head winds (Arbogast 1966).
In the mid seventies, I helped several graduate students devise, execute, and publish independent research projects related to the local fall migrations (in the list references below, see the four 1970’s publications by others).  I also began to develop flight traps to monitor and quantify near-ground butterfly migrations.   This was stimulated in part by Dana Focks, a graduate student at the time, who developed and marketed a 3m, linear trap for flying insects.  The trap was portable and made chiefly of polyester netting.  At my urging, he modified one of the traps to keep separate those insects that flew into the trap from one direction from those that flew into the trap from the opposite direction.  After some pilot work with the sample trap, I bought four traps and ran two of them for a full year (18 Sep. 1975 to 17 Sep. 1976).  The other two were run only during the fall portions of that year.  The results established the feasibility of monitoring near-ground butterfly migrations with flight traps, and in the process revealed four additional species of butterflies that flew southward through Gainesville in fall as well as small northward migrations in spring by the gulf fritillary and buckeye (Walker 1978).
In the fall of 1978, partnering with a meteorologist at North Carolina State University, I ran the four portable polyester traps to test the hypothesis that synoptic-scale wind systems had a significant effect on the variations in daily counts of the four main fall butterfly migrants at a site near Gainesville.  The variations proved to be largely attributable to local temperature, wind speed and cloud cover.  The typical fall weather patterns of southeastern US and the day-to-day steadiness of the numbers of migrants were judged incompatible with synoptic-scale wind systems being important determiners of the numbers of butterflies migrating through Gainesville (Walker & Riordan 1981).  
In 1979, I constructed a pilot version of a permanent flight trap that would monitor 6m of migratory front, as did the earlier portable ones, but had a central barrier for stopping migrants that was 42% higher.  The trapping efficiency proved to be substantially lower than the portable ones but observing how migrants behaved when temporarily delayed by the hardware cloth barrier enabled me, in 1983 and 1984, to plan and construct second and third versions of the permanent trap that caught much higher percentages of potentially intercepted migrants than did the polyester traps. (Walker 1985).  In 1991, I summarized the results of using permanent flight traps for ten years to continuously monitor butterfly migrations to and from peninsular Florida, and, in 2001, I used trapping data from 1984 to 2000 to establish seasonal patterns and long-term changes in these migrations (Walker 1991, 2001). 
In 1980, in a paper comparing the migrations of butterflies with those of moths, I summarized what I had learned thus far about the migrations (Walker 1980).
In 1982, Susan Jungreis, a Master’s student under my supervision, completed a project in which she assayed for magnetic particles in adults of three species of migratory butterflies (monarch, cloudless sulphur, gulf fritillary) and two species of moths that overwinter in south Florida and annually appear far to the north by late summer.  Her study was prompted by a previous finding of magnetic particles in monarchs and the suggested use of such particles in geomagnetic orientation.  She found evidence of magnetic particles only in the monarchs (Jungreis 1987).

In the fall of 1982, I started recording the flight directions (=”azimuths”) of fall migrating butterflies at sites near Gainesville and at sites throughout the Southeast that might be sources for the Gainesville migrants.  Three years later, I summarized the initial results (Walker 1985).

Statistical analysis of circularly distributed data is difficult at best and except for two sites near Gainesville, Florida, my “azfile” dataset had very modest numbers of visits per site and much visit-to-visit variation in weather conditions and numbers and directions of migrants of the four species. Ramond C. Littell, of the University of Florida Department of Statistics, spent much time and effort devising means to statistically analyze the azimuth data and supervised a graduate student who used a portion of the dataset in his dissertation research [MORE TO BE ADDED HERE].  Walker and Littell (1994) used azimuths taken from 1982 to 1989 to present and analyze the part of the dataset for which Littell resolved the methods of analysis and for which Walker was the principal taker of the data.  About 5,000 azimuths taken during 1989 to 1991 were a joint effort by James J. Whitesell, of Valdosta State College, and me to monitor the migration across an 160 km transect along the Florida-Georgia border.  The results of this study were analyzed by the time Walker and Littell’s paper was published.  Walker and Whitesell plan to (finally) prepare and submit a manuscript reporting this research within a year. 

In 1985, Barbara Lenczewski entered the graduate program at UF because she wanted to study butterfly migration.  She chose to address such difficult unknowns as where the Florida migrants go after passing through Gainesville, what were the net numbers of these migrants annually flying southward across a line bisecting the Florida peninsula along the latitude of Gainesville, and how did the timing of the migration differ at stations along a 419km transect extending from Valdosta, Georgia, to Lake Placid, Florida.  She addressed these unknowns with vigor and ingenuity and her findings shed important light on each (Lenczewski 1992).  Her study of the timing of migration along her 419km southeastward transect was aided by the development of portable flight traps made of netting attached to a frame of metallic electrical conduit (Walker and Lenczewski 1989).

From 1988 to 1990, I worked with J.J. Whitesell to develop an inexpensive, semi-portable flight trap that could be used in his project to introduce the study of butterfly migration to high school science classes in Georgia (Hatcher 1990) [MORE TO BE ADDED HERE].  The result was a trap that cost less than $100 to build, could be moved locally by two persons, and was significantly more efficient at trapping migrating gulf fritillaries and cloudless sulphurs than were the permanent traps that I was using in Gainesville (Walker and Whitesell 1993).  Later, we cooperated on developing and testing a less expensive flight trap that was collapsible and easily portable (Walker and Whitesell 1994).
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