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Background and Objectives


The sagebrush cricket, Cyphoderris strepitans, is one of only five extant species belonging to an obscure orthopteran family, the Haglidae, and occurs exclusively in mountainous areas of the western United States, where it is found primarily in high-altitude sagebrush meadow habitat.  Adults become sexually active in late spring, shortly after the snow melts, and remain active for the next 4-6 weeks.  The acoustic signals produced by males function to attract females, and appear to be the principal means of pair formation. Copulation is initiated when a receptive female climbs onto the dorsum of a male, at which time he attempts to transfer a spermatophore. During copulation, the female feeds on the male's fleshy hind wings and bodily fluids (hemolymph) leaking from the wounds she inflicts. An earlier study involving the mark-recapture of a large number of males showed that once a male had mated, his probability of obtaining an additional copulation was reduced relative to that of a virgin male securing his first mating. This “virgin-male mating advantage” subsequently has been confirmed in field studies conducted over two consecutive breeding seasons and designed to measure lifetime male mating success. 

One explanation for the virgin-male mating advantage is that non-virgin males, having lost a substantial portion of their energy reserves through sexual cannibalism by females and the transfer of a large spermatophore, may be unable to sustain the costly acoustical signaling activity required for the passive attraction of additional females. In support of the “sexual fatigue” hypothesis, electronic assays of male signaling behavior have shown that virgin male C. strepitans call for significantly longer durations than recently mated males, at least in the short term; to what extent differences in calling account for differential mating success, however, remains unknown. An alternative hypothesis to account for the virgin-male mating advantage is that females preferentially mate with virgin males, because these males have greater material resources to offer females than do non-virgin males. If the acoustic structure of males’ signals are systematically altered by the loss of hind-wing material underlying the sound-producing tegmina, then females could potentially discriminate against mated males through reduced phonotaxis to their calls. However, a field study in which the hind-wing material of virgin males was experimentally ablated (controlling for hemolymph loss) failed to reveal any effect of the treatment on male mating success, a result that is inconsistent with an acoustically-mediated mating preference.

If  the future mating prospects of non-virgin males are diminished because of sexual fatigue, this could stem either from the resources required to manufacture a new spermatophore or through the energy needed to replenish haemolymph lost through female wing-feeding. The relative costs of producing new spermatophores versus hemolymph replenishment are unknown; in mating trials staged in the laboratory, males are capable of producing two spermatophores within a night even when held without food, which suggests that spermatophore production does not constitute a major constraint. One difficulty in distinguishing between these alternatives is that non-virgin males are invariably disadvantaged in both contexts. In the proposed study, we will circumvent this problem by experimentally depleting virgin males of haemolymph in a way that mimics hemolymph loss of non-virgin males, without the attendant costs of spermatophore production. If the resources devoted to the replenishment of hemolymph comes at the expense of energy devoted to calling, the experimental depletion of hemolymph in virgin males should lead to a reduction in their mating success relative to unmanipulated virgin males.


The objective of the proposed research, which will be conduced by two undergraduate students, is to test the hypothesis that the depletion of male hemolymph that occurs as a result of female wing feeding compromises male signaling ability and is the proximate cause of the virgin-male mating advantage documented in previous studies.
Methodology

A mark-recapture study will be conducted May-June, 2003 in Grand Teton National Park, Wyoming. A rectangular study plot approximately 120 m X 180 m will be established in sagebrush meadow habitat adjacent to the Snake River at Deadman's Bar. During the early portion of the breeding season, we will attempt to capture and mark all of the virgin males present in the study plot.  Males will be found at night by orienting to their calls and using head lamps to determine their exact location within a sagebrush bush.  The mating status of males will be determined by examining their hind wings for the wounds inflicted by females; only virgin males, as evidenced by intact wings, will be used in experimental treatments.  Each virgin male will be placed in a collecting vial, numbered to correspond with a surveyor's flag placed at the capture location, and transported to University of Wyoming-National Park Service Research Station, approximately 30 km away, for processing. 


Captured males will be randomly assigned to one of three treatments in which males are experimentally depleted of hemolymph to varying degrees: 1) males from which 5 (l of hemolymph are drawn, 2) males from which 10 (l of hemolymph are drawn, and 3) sham-operated control males. Although the precise amount of hemolymph ingested by females at mating is unknown, the experimental volumes encompasses the approximate range of hemolymph ingested based on a comparison of the mass lost at mating  by males whose hind wings had been experimentally removed and mass lost by males whose hind wings had been left intact. Hemolymph will be extracted from males by making a small incision in the cuticle of the pronotum and drawing hemolymph from the wound using a micro-hematocrit capillary tube. In sham-operated control males, a small puncture will be made in the pronotum of the male, resulting in minimal or no hemolymph loss. This treatment controls for any detrimental effects of handling/surgery experienced by males in the first two treatments. Each male will be marked individually with a numbered plastic tag secured to the pronotum with cyanoacrylic glue.  Fluorescent paint will be applied to the pronotum around the numbered tag, and to the femora of each individual.  Portable ultraviolet lanterns, the illumination of which causes the paint to fluoresce, subsequently will be used to facilitate cricket recapture. The following evening at sunset, marked males will be returned to their respective points of capture. We will mark and release approximately 100 males.


After experimental males have been released, males will be recaptured and examined for evidence of mating activity regularly over the course of the breeding season, usually every second night, weather permitting. Mating activity will be inferred by loss of hind wing material in both treatments.  Wing wounds will be classified as “fresh” (visibly wet wounds with no discoloration indicating that the male mated on the night of capture) or “old” (dry, darkened wounds indicating that the male mated on a night previous to the night of capture).

Nature of Student Involvement in Proposed Research

Students will be actively involved in all aspects of the project, from its inception to its completion. The project involves both field and laboratory work and will, therefore, expose students to a wide range of research experiences. Students will participate in the collection of experimental subjects, perform the surgical operations required by the different treatments, and participate in nightly censuses of the experimental population. Students will collect data on mating interactions using a combination of time-lapse video recording and computer software (The Observer®) designed for the accurate recording and analysis of the frequency, duration and sequence of behavioral events. Students will also participate in the review of video files, input of data into spreadsheets, and the statistical analysis of data. Following their return to Illinois State University from the field station in early July, students will spend their remaining time: 1) reviewing sound files and collating data, 2) inputting and analyzing data, and 3) assisting in maintenance of cricket colonies. 

As a consequence of their participation in the project, the students are expected to acquire first-hand knowledge of current techniques employed  in behavioral ecology including time-lapse video recording, direct observation, insect husbandry, and the use of computers for data acquisition and analysis. It is my expectation that the students’ contribution will merit their inclusion as authors on any publication resulting from the project, as has been the case for other undergraduate students that have participated in my research program (e.g., Sakaluk et al. 1995. Proc. Roy. Soc. Lond. B 261:65-71; Ritz & Sakaluk. 2002. J. Zool. 257: 519-523; Sakaluk et al. 2002. Evolution 56: 1999-2007). My experience has been that there is no better way to inculcate students with an appreciation of the scientific process than to include them as full partners in the scholarship that derives from such activities.

Student Selection Process

Approximately 20 fliers have been posted advertising opportunities for undergraduate research in Wyoming this summer under my supervision. In addition, a number of faculty colleagues and the undergraduate advisor have been briefed on the project, and asked to announce the project in their classes. To date, I have interviewed four undergraduate students and expect to interview several more. Selection of candidates will be based on  academic records and personal interviews.
Results from Previous REU Support

In keeping with the educational philosophy of the Department of Biological Sciences at Illinois State University, I have routinely incorporated undergraduates in my research program under the auspices of departmental courses designed specifically to provide such research opportunities. On seven previous occasions (1992-93, 1997, 1998-2000, 2002), I received REU Supplements to existing NSF awards (DEB-9107363, IBN-9601042, IBN 0126820), each of which provided funding to support a single student. These funds have been used primarily to support student research on different aspects of the reproductive biology of sagebrush crickets in Grand Teton National Park. I secured institutional funds and minor external grants to augment this funding to enable me to bring additional students to the field station operated by the University of Wyoming at this location. Studies supported by REU awards have resulted in a number of papers with student co-authors at both the graduate and undergraduate levels (Sakaluk et al. 1995. Proc. Roy. Soc. Lond. B 261: 65-71; Sakaluk et al. 1995. Behav. Ecol. 6: 250-257; Johnson et al. 1999. Behav. Ecol. 10: 227-233; Sakaluk and Ivy. 1999. Behaviour 136: 1335-1346; Sakaluk et al. 2002. Evolution  56: 1999-2007). Published papers explicitly acknowledge support of NSF REU supplemental awards.


3

