An Investigation Into Seed Dispersal of Trillium ovatum

Life on earth has shown complexity through diversity, specification and cooperation.  Plants have developed flowers to offer rewards in exchange for the benefit of pollen transfer between individuals.  Although not as common, plants can also exchange rewards for seed dispersal.  Trillium ovatum has evolved such a system.


Trillium ovatum is a rhizominous herb that grows only in the Pacific Northwest region of the United States of America.  Estimations of life span have been as high as 72 years (Case 1997).  It's height ranges from ¾ of a foot to over 3 feet.  Each year the plant generally has three leaves and produces one flower.  The flower is extended from the whorl of leaves to display three petals, three sepals, six stamens (each with two anthers), and three fused carpals that form the ovary inside the flower.  The plant can bloom from late February and some flowers stay open until early August.  During the bloom, the petal colors fade from white, to red or purple; this may be linked to pollination.  After pollination, Trillium ovatum produces a seedpod that is green, sturdy, six-angled, and shaped like a Hershey's kiss.  Inside of the seedpod are specialized seeds; each has attached to it, an elaiosome.  An elaiosome is a fleshy piece of nutritious, oily material that attracts insects, which disperse the seeds  



Access to the seed is provided after ripening.  Once the seedpod is ready, its basal attachment begins to deteriorate rapidly, some times taking only hours to detach itself from the plant (Case 1997).  Seeds can either fall out of the newly created hole, or be taken out by dispersers.  Previous studies have shown that Trillium ovatum seeds are dispersed almost completely by ants, a system known as myrmecochory; Berg 1958, Jules 1996, and Case 1997, have all mentioned it.  The elaiosome is what attracts the ants.  The elaiosomes have a fatty acid composition closely resembling that of insect tissues (Hughes 1994), which represents a very specific adaptation.  Huxley (1991) studied Trillium tschonoski, which grows in Japan, and found that ants could take seeds back to their nests, but did so only to a maximum distance of 45-50 feet.  Berg (1958) also came up with similar numbers while studying Trillium nivale.  Both Trillium tschonoski and Trillium nivale grow in much denser and frequent patches than Trillium ovatum.  

Trillium ovatum, as it is currently believed, relies on ants for the primary method of seed dispersal.  However, since I've hiked at least one-quarter mile, through seemingly good habitat for Trillium ovatum, without noticing any of sign of the plant, the 45-50 foot distance for dispersal by ants does not seem adequate to permit migration of genes between populations.  This suggests a heavy reliance on the pollinators to introduce new genes into populations, but since there is next to nothing documented on Trillium ovatum pollination, or on Trillium as a genus for that matter, it is hard to assume that pollinators are indeed taking care of the crucial genetic variability.  One thing that I will look into is to determine what pollinators are visiting the flowers and probably promoting genetic variability if they collect from different populations of Trillium ovatum.

The main objective that I wish to accomplish is to determine the impact that aerial insects have on Trillium ovatum seed dispersal.  I intend to determine impact by looking at the number, and percentage, of seeds taken in a given amount of time.  The control group will be a natural system that allows ants as well as flying insects access to the seeds, and the experimental group will only allow flying insects access to the seeds.  There will be a one to one ratio of the control and experimental groups since there are often pairs of Trillium ovatum growing closely together (but extremely rarely from the same rhizome).  If possible, I will record the distance that the seeds travel; dispersal distance will extend from the seedpod, and not from the plant.  If it is determinable, the distance from the seedpod to the plant step will also be recorded.

Another objective that I want to focus on is the identification of insect visitors to Trillium ovatum; particularly those involved in dispersal and hopefully pollination, but not limited to either.  I intend to record interactions based on the part of the plant, and which parts of the insect were used during the interaction.  After collecting, I would determine the number of orders, families, genera, and species.  Many of the simplest questions are only speculatively answered for the genus Trillium.

Another objective is to determine what type of contact occurs as different insects interact with the plant, seedpod and seeds.  Aerial insects may very well eat the elaiosome without carrying it away; this forces me to count not only the seeds, but the elaiosomes as well.  Other insects may be interested in the seedpod itself and indirectly disperse seeds.  I intend to classify anything that touches the seed, or seedpod, as a possible disperser.  I've seen Trillium ovatum grow sometimes near a decent drop of elevation.  Even the slightest bump could send a seed down 1000 feet or into a river.  Types of contact will be taken note of as contact mechanisms.  Depending on size of the flying insect, an aspirator could be a great help in keeping specimens alive to watch the behavior of the insect.  Elaiosomes could then be offered to witness the antennal movements, wing positions, mouthparts used, grasping methods and other things; this would shed light on the seed dispersal pathway.  I have a good camera (Canon EOS ElanII) with a 300mm macro lens and will attempt to photograph insects visiting the pods.  

Some additional information is needed before I explain the actual methods that I will be using.  Since the seedpod begins attached to the plant, two things can happen before it drops off.  The first is that the seedpod can split open on one of its ridges (the seedpod is six-angled).  This allows access to the elaiosome and to the seeds while the seedpod is still on the plant.  The second is mentioned by Case (1997),"Frequently, the ants cannot wait for the fruits to ripen, but cut holes into the side of the berry (seedpod) and extract the seeds before the fruits ripen and fall naturally."  In order to make any comparison, I would need to keep insects away from the seedpods while they are still on the plant.  This can be accomplished in two ways.  The first way is to hang bags over the seedpod that are light, permit sun exposure, and gas exchange.  Such materials can be purchased at sewing stores.  The second way is to use "Tangle Foot".  "Tangle Foot" is a sticky viscous fluid that has the reputation of stopping lizards in their tracks and has been recommended to me by a few faculty members at KU.  Since the seedpods will be attached to the plant, a ring of "Tangle Foot" can be put around the stem of the plant.  This will not allow ants to crawl up and take advantage of an unripe seedpod.  

The experiment begins once the seedpod is detached from the plant.  For both control and experimental designs, I will use a weatherproof base to set the seedpods on.  The material actually used will probably be non-ceramic floor tile.  Surrounding ground matter will be used to disguise the base and the seedpod will be placed in the middle and on top of the ground matter.  For the control design, that will be simple enough.  For the experimental design, "Tangle Foot" will be laid down on the perimeter of the base to stop any crawling insects.  I will check the "Tangle Foot" barrier to see what is caught.  Because of its simplicity, the experiment will allow me to have a large amount of time for observation.


Should problems arise, such as: very few seed pods, low seed number in pods, or too many rainy days that don’t allow for insect flying.  I would result in doing a more generalized study to see which insects are interested in Trillium ovatum at all.  Many simple questions are still unanswered for the genus once again.  Who is a pest that eats the plant?  Are there any that live in a symbiotic relationship?  Many of these could be worked out through systematic sampling.  


I intend to do this research in the northern part of Washington State at North Cascades National Park.  I spent the last summer (2001) as an SCA intern (Student Conservation Association) at the park, where I worked in the plant propagation station.  Familiarity with the area gives me at least 3 sites that I know I can rely on for decently sized (30 pairs at least) Trillium ovatum populations.  Many of the variables, such as elevation, types of forest, and human impact, will be documented.  I will contact the national park service to obtain the necessary permits needed because of laws regarding research, artifact, and specimen collections inside National Parks.  I have contacted Erik Jules from Humboldt State University and he is willing to help with any specific Trillium ovatum related problems since he has spent quite a bit of time with the plant.


Being away from the KU campus does have its drawbacks, but unfortunately the Pacific Northwest is the only place on earth that Trillium ovatum can be found.  Robert Hagen and myself have communicated using e-mail fairly often in the last month or two and I would easily be able to continue that in the National Park as the ranger stations all have access to the internet.  


There are several important reasons for attempting such an investigation.  The main reason is that virtually nothing is known about many aspects of the ecology of Trillium ovatum.  These flowers are local attractants to many living in the Pacific Northwest because they are very showy and one of few plants in the area that has only three petals.  For conservation purposes, it is essential that this plants ecology be systematically looked at.  If I find that only one species of ant is carrying away seeds (in this part of its distribution), this could have very serious implications as to the plants susceptibility.  If aerial dispersers are shown to be effective in seed dispersal, which I strongly believe, this may be part of a convergent evolution of behavior.  It appears that the elaiosome originated specifically for ant dispersal, and it may be that aerial species have evolved to take advantage of the resource as well.  Many new questions will be raised, as with any close look at nature, which will lead to a better understanding of life and its complexities.  


The single most beneficial quality of this experiment to me is to give myself an insight into field research.  Should I stay with it?  Do I enjoy spending weeks in the woods working on a project as opposed to just hiking and camping?  Am I competent enough to be employed in such endeavors?  These are three major questions I can easily answer with such an opportunity.  Since I love biology, I have stayed close to it and pursued it, but I too love math, physics, chemistry, anthropology, and philosophy.  Being an undergraduate, this is an early attempt at more focus for the years to come.

Once the final product is complete I will personally send out my results to a few Trillium lovers and insect lovers of the represented orders, as well as the National Park, for their direct and constructive criticism.  Although I have no intent on giving any formal presentations, I would be eager and more than happy to do so if asked (even if it is to a first grade class).  Any results of this study will contribute to the understanding of a precious native plant, and the insects that interact with it.

Here are some reasons that I believe qualify myself to be selected.  I graduated from Kent-Meridian High school (Kent, WA) at the age of 16.  I have taken a Plant biology class from Green River Community College (Auburn, WA) as well as the insect courses of Biol 500 and Biol 502.  Currently I am enrolled in the Insect history seminar.  My goals are to increase the understanding of life on earth for anyone who is willing to listen, and to never stop learning.  There is no doubt in my mind that I will continue schooling well into the latter part of my life always seeking to satisfy my intellectual thirst.  I am a certified WFR (Wilderness First Responder) as well as a CPR provider.  I have great knowledge about the park, as well as its people, and of Trillium ovatum since I've lived in the Pacific Northwest for 6 years.  For my work during the summer, I was given a "Positive Contribution Award" for helping the museum curator inventory many of the artifacts found in the park.  

Some other traits, though not as easy to prove, are as follows:  attention to detail, observant, mathematically fluent, opportunistic/efficient, full of wonder, complex problem solving, and a conservationist at heart.  

For other references, Michael Brondi and Pat Milleren, who work for the Plant Propagation unit at North Cascades National Park, can be reached at 360-873-4590 ext 36.  Denise Nolan is a family friend that can be reached at 206-358-3584.
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