RESEARCH INTERESTS

My general interests include ecology, behavior, development, and evolution. Currently, the research topics that most interest me can be seen as two sides of a coin: (1) how do different traits interact developmentally and functionally to influence fitness; and (2) how different selective pressures interact to affect the diversification and evolution of traits, and ultimately affect speciation? 

How do different sexual traits interact to influence reproductive success?


Females in nearly all sexually reproducing taxa mate with multiple males. In these species, male fitness is dependent on traits used during both pre-copulatory processes that influence mate acquisition, as well as post-copulatory processes that influence fertilization. However, few studies simultaneously examine both pre- and post-copulatory sexual selection within a single species, and we therefore have little understanding of how these processes interact to determine male reproductive success. 


The objective of my doctoral dissertation was to gain a more comprehensive understanding of the evolution of sexually selected traits by examining the interactions between these traits during the pre- and post-copulatory processes of sexual selection. To address these questions, I worked with a chrysomelid beetle, Acromis sparsa, at the Smithsonian Tropical Research Institution in Panama, examining the developmental and functional relationship between traits involved in pre-copulatory strategies, such as secondary sexual characters (weapons), and traits involved in post-copulatory strategies, such as primary sexual characters (testes, genitalia, and copulatory courtship). Primary and secondary sexual morphologies in A. sparsa were not developmentally correlated, indicating that males in this species may be able to develop these traits independently of each other. 

  
To understand functional interactions, I also examined the relative importance of primary and secondary sexual characters on the reproductive success of A. sparsa males using natural insectary experiments, double mating experiments, and genetic paternity analyses. I found that, in natural settings, males with larger testes mated with and fertilized more females, as well as sired more offspring overall. In double mating experiments, copulatory courtship influenced male reproductive success. However, the effect of copulatory courtship was dependent on mating order. Thus, even in species with exaggerated secondary sexual traits, such as A. sparsa, under certain conditions, it is the post-copulatory sexual traits that make the largest contributions to male fitness.

How do different anti-predator defensive traits interact to influence survival?


As a side project to my dissertation work, and in collaboration with Dr. Fred Vencl at the Smithsonian Tropical Research Institute, I applied similar ideas about trait interactions to anti-predator defense strategies. Generally, quantitative information about how defensive traits perform, interact, and become functionally integrated is scarce. Using field demonstrations of effectiveness, we evaluated patterns of functional trait suite assembly by comparing the larval defenses of two chrysomelid beetles, Acromis sparsa and Chelymorpha alternans, which both feed on the same host plant, have shields containing host derived deterrent chemicals, and form aggregations. Additionally, females of one of the species, A. sparsa guard their larvae. Using an ecologically relevant bioassay, we quantified the extent to which gregariousness, larval size, maternal care and larval shields affected survival and the extent to which these defenses interacted. Our results showed important synergistic effects. Multi-trait interactions amplified defensive effectiveness, and there was a trend towards multiple-trait suite formation. Phylogenetic reconstruction of the Cassidinae group suggested that multi-trait defensive suites evolved in an order consistent with the functional interactions we observed. 

How do different selective pressures interact to affect the diversification and evolution of sexual traits, and ultimately influence speciation?


Divergence in male mating signals and female preferences for those signals, behavioral isolation, is an important mechanism of reproductive isolation and speciation The relative importance of different processes driving the divergence of these sexually selected traits is a major topic of discussion in the study of speciation. Much of this debate centers on the relative importance of two mechanisms hypothesized to be particularly important in mating signal divergence, sexual selection and ecological selection.


My current post-doctoral research integrates molecular phylogenetic, behavioral, and ecological approaches to explore the relative importance of sexual and ecological selective forces driving mating call evolution in the frog species complex, Physalaemus petersi. For this project, I am working in collaboration with Dr. W. C. Funk of Colorado State University. Previous studies have found extraordinary divergence in mating calls among species of the P. petersi complex. While in some populations males produce a simple call, consisting of a frequency-modulated “whine”, in other populations males facultatively produce complex calls in which the whine is followed by a harmonic burst termed a "squawk." This variation in the sexual advertisement call makes P. petersi an ideal species group to test questions about the forces driving speciation. Dr. Funk has found some evidence that sexual selection is one force driving call divergence in P. petersi species. However, differential ecological selection could also be an important factor, working synergistically with sexual selection to drive call divergence, or in opposition to sexual selection, and thereby limiting the extent of mating call divergence and speciation. Geographic variation in overall predation rates or the relative attractiveness of complex vs. simple calls to predators may cause divergent selection for mating calls. This could result in a loss of complex calls from some populations in response to increased predation pressure, or the acquisition of complex calls in populations where predation pressure is decreasing. 
