An investigation into seed dispersal of Trillium ovatum

A. Introduction.


Flowers are some of the most attracting features of wild and undisturbed lands.  While most people agree that they are beautiful, and some have good fragrances, they were clearly not intended for humans; they are there to attract animals, with insects being at the top.  There are two main reasons why a plant would want to attract an animal.  The first is for pollination.  This allows for two individuals of a plant species to exchange pollen and in turn, DNA; this is called sexual reproduction.  Another reason that is usually not as striking is for seed dispersal.  There are many mechanisms for how seeds can be dispersed.  Some plants offer the animal a reward, such as fruit, and one of those is Trillium ovatum.  


Trillium ovatum grows, along with huge evergreens and ferns, in the temperate forests of the Pacific Northwest.  The plants can be found anywhere from sea level up to the sub alpine area, though rarely abundant. The plant is a low growing, fragile plant that has a height of usually under two feet with a lifespan estimated as high as 72 years.  It has an underground, horizontal stem called a rhizome and usually a whorl of three leaves.  The flower has three petals and 3 sepals, with the petals usually being white at first bloom, fading to purple or red later in the season.  There are some serious questions relating pollination and this color change that I would love to research, but the flowers bloom from late February into June.  Many of the most basic pollination events are unknown for Trillium as a genus, even the actual pollinators (Case 1997), so missing these events is a terrible defeat indeed.  I would come in too late for a substantial attempt, although I do intend to keep my eyes open for that as well.  

The character that I am interested in is the seed, which begins in a seedpod.  Each seedpod can contain 1, or over 20 seeds.  Each seed is around 2mm wide and 4mm long.    Seedpods emerge on the top of the flower and ripen into a green capsule.  After ripening, the basal attachment becomes weak and the seedpod drops off the plant.  The seeds can be released through the now broken basal attachment.  What sometimes occurs is that the capsule can split along fractures lines while it is still on the plant.  This method will not disperse seeds by itself, but it will allow access for potential dispersers.  An oily, fleshy-like appendage protrudes from and covers part of the seeds, which is called an elaiosome; this is what the ants strive to claim feverishly (Hughes 1994).  Once taken a distance away, or sometimes on the spot, the nutritious elaiosome is consumed and the seed is left alone.  Hughes (1994) notes that the fatty acid composition of the Trillium elaiosome closely resembles that of insect tissues.  This statement alone says that any insects would love to take part in the feast; at least it does to me.  It is speculated that removal of the elaiosome either increases fertility or begins developmental processes, but there is little evidence for those claims.  Jules (1996) suggests that wasps are a secondary force in seed dispersal.  I hypothesize that the wasps, or other flying insects, are very important, though not as strong of a force as the ants.  

B. Project Description.

How successful is Trillium ovatum at seed dispersal if ants are excluded, and what other insects are contributing to the success?  I intend to show successfulness by establishing a coefficient of relative seed removal, which will be discussed later.  In order to show other vectors of seed dispersal, I must be able to limit the number of ant interactions with seeds and access to seedpods.  Should the wasp/seed interaction be more substantial, then, long-term survivability would likely increase for the plants as well as genetic variation within the species; this would be especially good in forests where patches of trees have been felled.  Flying insects could transport these seeds much greater distances and beyond the bare areas into new populations of Trillium ovatum instead of ants leading the seeds into sunburned areas, where the plant rarely survives.  

 I intend to base my research in North Cascades National Park.  Familiarity with the area gives me at least 3 sites that I know I can rely on for decently sized Trillium ovatum population.  Many of the variables, such as elevation, types of forest, and human impact, will be documented.  Each site will be different in order to obtain the maximum amount of dispersing agents.  If the experiment yields results quickly, I will repeat them in the Mount Rainier area, which is approximately 250 miles south of North Cascades National Park.  This could result in a much better representation of elaiosome capture for the species as a whole.  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.  

C.  Project Specifics.

First of all, I need to obtain an approximate number of seeds per seedpod.  In order to do this, I will take a random seedpod, break it open, and count the seeds.  Depending on how large my population size is, as well as how many seeds are in the first few pods, I may do this to a number of plants.

Next I will set up a respectable ratio of plants with adhesive barriers and plants without adhesive barriers, according to the possible situations.  As far as I can predict from my current vantage point, and other previous observations, the seedpods will be attached to the flower, or on the floor.  However, as mentioned before, the pods can be cracked open.  This gives four possible situations: seed pods that are on the plant and open, seed pods that are on the floor and open (most common), seed pods that are on the plant and closed, and seed plants that are on the ground and closed (rare).  Each of these 4 can be selectively made to exclude the crawling insects (especially ants).  For either open or closed pods that are on the ground, a circumference of adhesive barrier, attached to a solid ring that will be wedged into the ground, will be employed to stop crawling insects.  The diameter of such barrier will be determined in the field quickly by noting the efficiency of excluding relevant animals.  The other situation is when the seedpod is still on the flower, again open or closed.  At this step, the adhesive barrier can be place very carefully around the stem of the flower.  This allows more specific capture methods within the adhesive area, though not as likely as a situation.
More likely than not, the plants without the adhesive barrier will experience a higher rate of seed removal, and this will be the baseline for the relative seed removal coefficient.  The amount of time elapsed for the removal individual seeds, as well as the percentage of seeds, will be held in mind.  The number of ants, and number of species of ants (which will be identified later) will also be incorporated.  The same parameters will be held in place when analyzing the plants with adhesive barriers.  Seedpods will be removed at designated plants and intervals to allow for a temporal comparison in the relative seed removal coefficient.  

In determining the classification of dispersing agent, I intend to classify anything that touches the seed.  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.  There is very little that can be employed to capture fleeting, flying insects except one with a quick hand and trusty net.  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. Quick exchange of matching vials with prepared tape to record circumstances and provide gas exchange could lead to great laboratory examination at the end of a day.  Elaiosomes could then be offered to witness the antennal movements, wing positions, mouthparts used, grasping methods and other things, while the insect is alone and with its assumed prize; this is another piece to the puzzle of 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.  Once captured, pinning and identifying insects would be useful to determine the species visiting the pods and removing seeds, as previously mentioned.

If by some miracle, there is a great turnout of flying insect interactions, and results are excellent, I intend to try and follow ants and the flight pathways of the flying insects while carrying the elaiosome.  Following insects to the dispersal point allows at least two important things to be determined.  First and most important, how far the seed has actually traveled.  The second, what has actually happened to the seed in flight?  The second is very hard to establish, but I assume that flying away from the plant has some sort of predatory evading quality; otherwise an insect might stay and enjoy all the elaiosomes it might enjoy.  Since there may be "nervousness" during flight, there may be no elaiosome ingesting, or partial. Seeds may even become concentrated after dispersal if done by the same species or individual.  All of this should be documented.

Establishing the relative seed removal coefficient depends on the ability of keeping the ants out.  If need be, I will employ multiple circumferences at different angles relative to the ground until a desired result is obtained or I will employ miniature moats and wolf spiders!  It is of the highest priority. 

Should problems arise, such as: very few seed pods, low seed number in pods (can range from 1-20 or more), 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.  

D. Significance of the project.

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. 

E. Qualifications.

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 spent the last summer (2001) as an SCA intern (Student Conservation Association) at the park, where I worked in the plant propagation station.  Myself, and two other people, spent 3 or 4 days out at campsites around the park measuring human impact on vegetation.  I hiked nearly 300 miles in 2 and one-half months.  I am a certified WFR (Wilderness First Responder) as well as a CPR provider.  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.  I am very passionate about things I like, some of which are: painting, playing piano, making traditional bows, photography, poetry, identifying insects, and sports.  
F. Other References

Michael Brondi and Pat Milleren, who work for North Cascades National Park, in the Plant Propagation unit, 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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