
Research Proposal

Introduction

With the ever rising demand for sustainable food sources, agriculture has been on the forefront of a “green” revolution over the last century. While the sea is often cited for its potential for food and pharmaceutical resources, aquaculture of commercially important species is not as advanced as its terrestrial cousin. Oyster harvests bring in millions of dollars per year to coastal communities and have great potential for large scale commercial production in hatcheries but problems exist for which we have inadequate solutions. One major problem is that we depend on nature to create reproductively fit animals each season but this can be disastrously affected by environmental dangers such as freshwater inundation, drastic temperature changes and oil spills. 

This could be alleviated if gonad development could be induced synchronously in a population. Dr. John Lynn suggested that oyster fertility could be affected by estrogen exposure based on findings by Matsumoto et al (1997) that estradiol 17b levels rise in the pacific oysters (Crassostrea gigas) during the reproductively active period and fall off at the end of the spawning season. Similar findings were made by Gauthier-Clerc et al. (2006) for the mussel Mya arenaria that show peaks of both estradiol 17b and testosterone during the reproductively active period of the year. Matsumoto et al. (2007) also concluded that oysters express estrogen receptor genes which suggests that they have a means of interacting with estrogen and estrogen like compounds.  

Recent studies from Andrews et al. (2010) have shown that one of the active ingredients in birth control, ethynyl-estradial 17b (EE2), can induce vitellogenin production (a precursor protein to gonad tissue formation and oogonia development) in Saccostrea glomerata, the Australian rock oyster. This trend also occurred in the mussel Patinopecten yessoensis (Osada, 2003). These findings in conjunction with EE2’s greater stability and wide availability make it a good option for inducing female gonadal development in oysters. 

Project Aims


While it is theorized and to some degree understood that exposure to EE2 can induce precursors to gonad production and maturation in wild type diploid Crassostrea gigas, it is unknown what concentration creates the optimum conditions for fertility. The first hypothesis is EE2 exposure induces greater degrees of gonad development and oogonia maturation.  This will be tested by exposing wild type diploid oysters to no, low, medium, and high doses of EE2 through injections in the adductor muscle. This experiment will help to determine at what concentration the treatment is most effective. The effects will be measured through accumulated gonad development, gonad size, and relative fecundity of each group using standard histological surveys. 

Injections are not the only method to expose oysters to EE2, some researchers use a bath technique instead. The second hypothesis is injections are a more effective dosing technique as opposed to a timed baths. To test this hypothesis comparable concentrations of EE2 will be either be immediately injected or animals will be placed in EE2 baths for a predetermined amount of time. The level of maturation, growth, and fecundity will be measured through the same means as the first test group. 

Triploid oysters are genetically modified through chromosome manipulation. They are sought after for their faster growth rate, better meat quality during summer months, and reduced fertility. Triploid creation is hard and inefficient. It is obtained through direct intervention by suppressing chromosome segregation during meiosis. To make more efficient triploid generation, a process of creating tetraploids from the few reproductively active triploids and then spawning triploids through tetraploid/diploid pairings. The problem with this technique is that triploids are often infertile. Forays into induced fertility with hormone exposure have shown promise. The third hypothesis of this project is hormone exposures can improve fertility in  triploids oysters. The experiment for this will be to treat triploid animals with relevant doses of EE2 based on findings from the two previous trials. The effects will be measured in the same ways as the previous two experiments.

Broader Impacts

Improving reproductive techniques in aquaculture is key to a “blue” revolution of food production for the world over. By using widely available synthetic hormones the cost of these procedures is greatly reduced and makes them readily accessible for hatcheries large and small the world round. These techniques will also encourage the use of sustainable aquaculture instead of traditional dredge collection that destroys important habitat for coastal species. An added benefit of using sustainable aquaculture is that animals are grown along the shore in cages which encourages natural spawning events that replenish oyster larvae in the wild. 

Intellectual Merit


Information gathered from these experiments will be important to advances in the understanding of how hormonal cycles influence reproduction in invertebrates that has until recently been understudied. The low dose groups act as environmentally relevant examples of how estrogen like products in waste discharges affect health in nearby oyster populations.  This research will better our understanding of how conservation of estrogen receptor genes has affected reproductive strategies between invertebrates and vertebrates which can be used to better understand hormonal signaling in all species.  
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