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SUMMARY

Cydia species are small moths that are host specific and feed on seeds, twigs, and under bark of various plants, particularly plants in Fabaceae in Hawaii. In Hawaii, at least 13 species are known and considered endemic, although many more species are likely to exist, many of which are important in conservation and food web interactions. I am conducting a modern systematic revision of this species complex to investigate patterns of species formation in host-specific herbivores on oceanic islands and to provide biogeographic information to resource managers to facilitate management and conservation of arthropod resources. 

Keywords: Insecta-Lepidoptera-Tortricidae-Cydia, speciation, systematics, conservation, biogeography

INTRODUCTION


Island ecosystems offer unique opportunities to study evolutionary processes and biogeographic patterns (Grant 1998). Arthropods, in particular, are useful organisms to study island evolution and biogeography because they often are the first colonizers of new landmasses (Thornton 1996), can finely divide ecosystems because of their small size and host/habitat affinities (Muhlenberg et al 1977), and can radiate quickly due to their short generation times relative to vertebrates (Carson & Templeton 1984).  The pacific islands are well suited to studying patterns and processes of species formation in arthropods due to the varying size, age, and remoteness of the various archipelagos. I will use the unique geography and geologic history of these islands to research the systematics, biogeography, and ecology of Cydia moths (Lepidoptera: Tortricidae) in representative archipelagos, such as Hawaii and French Polynesia.

The genus Cydia includes over 150 known species worldwide (Razowski 1989), including several economically and ecologically important species. The codling moth, C. pomonella, is an economically important pest everywhere apples are grown (Van der Geist & Evenhuis 1991). In Hawaii, several Cydia species infesting the seeds of Sophora chrysophylla are important food resources to an endangered forest bird (Brenner et al. 2002). And in New Zealand, C. succedana is an important biological control agent of the pest plant gorse, Ulex europeaus (Suckling et al 1999). However, considering the economic and ecological importance of these representative species, little is known of the diversity, taxonomy, and ecological importance of most Cydia species in the pacific. For instance, Zimmerman (1978), in his synopsis of Hawaiian Cydia, notes that much confusion surrounds the taxonomy of this group, and that many species probably remain to be described. In Micronesia (Clarke 1976), Samoa (Buxton 1935), and the Marquesas (Adamson 1939) Cydia species have not yet been discovered although related genera have. Their discovery in different island chains and relationships within and among island chains would be essential in understanding the patterns of species radiations.

Theories on why species often radiate on oceanic islands abound. Most theories, however, are concerned with species number and habitat packing and offer little on how specific strategies allow some lineages to diversify while others remain depauperate. Gillespie and Roderick (2002) suggest that the establishment and subsequent radiation of arthropod species on islands are contingent upon the presence of suitable host plants or habitats, isolation from source populations, time since isolation, and the history of isolation (whether islands formed de novo or are habitat fragments). A comparison between island systems, such as French Polynesia and Hawaii, with similar vegetative communities and isolation histories offers an opportunity to test island stepping stone models and remoteness from source population theories as well as host-shift speciation. In this study I will compare host associations, geographic patterns, species diversity, and phylogenetic relationships of Cydia species form French Polynesia with those of Hawaii. I hope to show that given suitable host plants for propagules to establish, time and history of isolation can be used to predict patterns of radiation in herbivorous insects.

METHODS

This research consists of complementary field and laboratory studies. Specimens of Cydia species will be collected in the field using pheromone trapping, host plant sampling, uv lighting, and aerial net sweeps. Morphological and molecular analysis of species will take place in the laboratory.

Cydia species are most often host specific, feeding within fruits or seeds, under bark, or in terminal twigs. Rearing caterpillars from host plant material provides the greatest amount of information including host associations, substrate preferences, and seasonal dynamics. Locating and rearing caterpillars is often difficult and can be greatly aided by locating areas of adult moth activity. Cydia adults are diurnal or nocturnal depending on species. Therefore both sweeping for adults during the day, and uv-light trapping at night will be used to detect the presence of adults in various habitats. Finally, moth species in the subfamily Olethreutinae, particularly Cydia, have been shown to respond to isomers of 12-carbon acetate chains (Witzgall et al. 1996), a component of mating pheromones. I will use generic formulations of these pheromones to attract adult moths for collection.

Moths collected from the field (including those reared from host plant materials) will be analyzed in the laboratory. Morphological analysis will include dissection, measurement, and description of genitalia, wing venation, wing scale patterns, and other morphological features. Molecular analysis will include comparison of sequence variation in the cytochrome oxidase I and II genes; markers that appear informative for species level phylogeny investigations for insects (Simon et al 1994).  These data will be used to hypothesize phylogenetic relationships among Cydia species within Hawaii and among species from different island systems (eg. French Polynesia).

Data collected from field collections (host and habitat associations, geographic range, etc.) along with phylogenetic analyses will be used to generate hypotheses about the evolutionary patterns and processes that gave rise to the current Cydia fauna in the pacific.  These hypotheses can then be tested against other groups that show similar patterns of diversity and geographic range to better understand the dynamics of evolution on islands in the pacific.

SAMPLING ON FEDERAL, STATE, AND PRIVATE LANDS IN HAWAII

Most Cydia species in Hawaii occur at mid- to high elevations (> 1000m), although a few species are recorded from lower elevations. Furthermore, the known hosts of Hawaiian species all belong to the legume family (Fabaceae), where larvae bore into seeds, terminal twigs, or under bark (Zimmerman 1978).  When possible seeds and terminal twigs will be collected in order to rear larvae. During the past five years of working on Cydia species infesting mamane on Mauna Kea I discovered that very often seeds containing larvae show external signs (small holes with silk coverings). By using such evidence I can minimize the amount of material harvested in attempting to secure specimens.

Sampling will occur away from areas of high visibility.  Although my sampling scheme (collecting seeds and twigs, and pheromone and light trapping) will not disfigure or otherwise harm native plants, I will restrict my sampling to areas out of view of the general public. Because I cannot guarantee the number of specimens that will emerge from a particular sample I cannot give an accurate estimate as to how many specimens I will collect. However, I will restrict myself to less than 30 specimens of a given species from a particular site. Some host plant species, particularly Canavalia spp., Strongylodon lucidus, and Acacia koaia, may be of conservation interest to land managers. Therefore, before any plants are sampled extensive discussions with resource managers at each institution will be held to be sure the viability and continuity of sensitive plant species are not be compromised.  

Sampling will occur during calendar years 2002 and 2003. Specific dates at each location are not specified because of contingencies of travel and restricted access to sites (eg. Nene breeding season). However, I intend to sample throughout the summer of 2002, and throughout the year in 2003. Permits for 2003 will be applied for when appropriate. Details of sampling dates will be discussed with resource managers prior to sampling.

Insect specimens resulting from this study will be deposited at the Essig Museum of Entomology at the University of California Berkeley campus (Dr. Rosemary Gillespie curator). Appropriate accession and label information will be obtained from Hawaii Volcanoes and Haleakala National Parks. When a sufficient number of specimens are available voucher specimens will be deposited with collections at both national parks, Bishop Museum, Hawaii Department of Agriculture, DLNR’s Division of Forestry and Wildlife, and other interested agencies.

FUTURE DIRECTIONS

A modern systematic study of Cydia species in Hawaii will contribute to the growing number of studies regarding patterns and processes of island evolution in the pacific. In particular, Cydia can be used to model radiation of host-specific insects on pacific islands and make predictions for other host-specific Lepidoptera. Furthermore, because Cydia have been shown to be important agricultural pests, food web components, and biological control agents, understanding the diversity and biogeography of this economically and ecologically important group can provide insights into how to manage biodiversity in the context of conservation and food web ecology.

I will use the findings of this study to 1) design monitoring protocols for conservation agents in Hawaii to monitor Cydia species important to endangered birds; 2) develop hypotheses about radiation of host-specific herbivorous insects on island systems to be tested on other species groups; and 3) better understand the gaps in our knowledge regarding why some lineages radiate more explosively than others. 
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