How can humans serve as a catalyst for increasing global biodiversity while still maintaining post-industrial lifestyles?

The issue of declining biodiversity, defined as the number and variation of life forms in the various levels of ecological organization, has been a pervasive topic in environmental science for many decades.  A simple glance at the Red List of the International Union for Conservation of Nature (IUCN) reveals the nature of the deepening global ecological crisis.  While the number of species that are categorized as “Extinct in the Wild” or “Extinct” on the 2008 IUCN Red List may initially seem relatively small, at 869 species or 2% of the total number of species on the Red List, another 16,928 species, or 38% of the total, are considered to be threatened with extinction.  In addition, the data included in the Red List represent only the component of biodiversity that deals with global species diversity.  Biodiversity, in reality, has three major levels:  genetic diversity, species diversity and ecosystem diversity.  Each of these levels of biodiversity has been negatively impacted by human activity, the primary source of global biodiversity loss in modern times.


Whether or not we would prefer to admit it, our species has been responsible for destroying biodiversity since our advent some 200,000 years ago.  The widespread extinction of megafauna at the end of the Pleistocene epoch, for example, may have been partially due to human overhunting.  In recent times, humans have reduced global biodiversity in a number of significant ways, including habitat destruction, overexploitation, the introduction of invasive species and the breakdown of complex ecological systems.  On a larger scale, human-induced climate change has caused widespread changes in regional climates, which have the potential to exterminate entire populations of organisms in many locations.  Recent studies by Robert Colwell and his associates, for example, have revealed the potential for widespread extinction due to rapid climate change in sensitive high-altitude species in Costa Rica, which have extremely narrow altitudinal ranges.  The issue of global warming, however, does not necessarily need to be the focus of discussions regarding biodiversity, as there are plenty of short-term factors contributing to decreasing biodiversity.


Lest it seem as though the issue of biodiversity can only be viewed through a global lens, biodiversity has also played a significant role in recent local issues.  One example of a local issue regarding biodiversity is the threat that Northern Snakeheads pose to the Potomac River.  Currently, snakeheads form a reproducing population within tributaries of the Potomac River, making them extremely difficult to eradicate.  Biologists fear that snakeheads may outcompete native fish and introduce exotic diseases, which would have a severe impact on the biodiversity of the Potomac River.  Another case where biodiversity has impacted the metropolitan Washington D.C. area is the threat posed by West Nile virus.  West Nile virus, a disease that uses mosquitoes as vectors, generally finds its host in birds, but can be transmitted to humans.  A recent study by John Swaddle and Stavros Calos demonstrated a link between increased regional diversity in bird species and a reduction in the number of reported West Nile virus cases, indicating that a wider array of species may minimize the number of hosts available to a pathogen, which ultimately proves beneficial to public health.  Finding current local issues related to biodiversity is relatively simple.  Local chapters of organizations related to the protection of the environment, such as the Sierra Club, the Coalition for Smarter Growth and Trout Unlimited, to name a few, are all excellent sources of up-to-date information on local biodiversity issues.  High level research programs, such as those at the Smithsonian institution, could serve as mentoring organizations for research projects concerning biodiversity.


In order to fully evaluate methods to increase biodiversity, a multidisciplinary approach must be taken.  Although the field of environmental biology is currently at the forefront of the movement to restore biodiversity, the issue has aspects that must be dealt with by other sciences.  Chemistry, for example, is an important tool in combating biodiversity reduction.  A variety of toxins inadvertently introduced into the environment by humans have extremely deleterious effects on entire ecosystems.  Ongoing studies by the Biodiversity Research Institute have revealed mercury contamination in a variety of animals, ranging from tropical birds to sharks.  Studies of the effects of toxins and the spread of toxins through ecosystems are critical in understanding patterns in bioaccumulation of toxins, as well as determining the sources of such toxins.  


The field of applied mathematics is also a major component of biodiversity studies.  Population viability analysis (PVA), the projection of populations' chances of survival within a given time period, is a subject of major concern to scientists engaged in biodiversity studies.  Even if a given population or species threatened with extinction still possesses a significant number of members, the group can be drawn into positive-feedback loops caused by the genetic drift and in-breeding characteristic of small populations.  The gradual spiraling of populations toward extinction is known as the “extinction vortex,” which can be analyzed on a case-by-case basis using a combination of applied mathematics and field studies of target populations. 


Engineering and design have a role in increasing biodiversity, as well.  One of the primary conditions of the candidate “One Question” is the maintaining of a post-industrial lifestyle (i.e. standards of living in the metropolitan Washington D.C. area) while still positively contributing to biodiversity.  As radical changes in lifestyle are never easy and are often the reason why environmental movements do not take hold with the general populace, I would recommend that Jefferson students examine ways in which ecological design that emphasizes functionality and accessibility can be effectively implemented.  Examples of such design can be found from the Terrefuge organization, which has produced designs for a tree-house like zero impact home, as well as a theoretical shelter created almost entirely from in vitro cultured pig cells.  Entire books, such as Ecological Design by Sim Van Der Ryn and Stuart Cowan, have been written on the subject of ecologically friendly design.  The potential for innovation in the field of ecological design is immense, which could create significant opportunities for students participating in tech labs related to engineering and design.


For those of you reading through this proposal, please do not feel limited by the possible research topics I have outlined.  The few examples I have provided only hint at the possibilities contained within the topic of biodiversity.  Clearly, the only way in which we will succeed in our efforts to increase global biodiversity is to be innovative and open-minded.  Part of the reason why I originally chose this topic as a potential “One Question” was because I believed that Jefferson students would be able to effect real and positive change in the way in which biodiversity is addressed.  Jefferson students acting independently, however, will not be enough to mitigate loss of biodiversity on a regional and global scale.  This is why I must stress that Jefferson needs to remain open to working with the community in improving local practices concerning biodiversity.  Local activism on the part of Jefferson students will only help in improving the image that Jefferson presents to the local community, and may harbor long-term benefits for the school in the form of partnerships and funding.  I have full confidence that Jefferson students, working in conjunction with the local community and the Jefferson community as a whole, will be able to create pragmatic solutions regarding biodiversity that have the potential to reduce the harmful effects humans have on global biodiversity.

