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Transforming propensity to vital rates

A vital rate is a measure of how many individuals of a species generally progress
from one life stage to the next. There is some variation in the actual value of a
vital rate due to the particular environmental conditions present in a given plot.
Thus, the actual vital rate that a group of collocated organisms will experience
can be modeled as a probability distribution. For example, for the transition from
non-germinated seeds to established seedlings (empirical data for which is found 1
in [2]), we fit a Weibull distribution with a shape=1.32 and scale=0.197134. This

means that 50% of seeds have less than a .15 probability of surviving to

germinate. Joint-vetch has three vital-rates: germination, seedling survival to

adulthood, and fecundity. 7.

To transform our new data on relative competition into specific vital-rate
transitions, we compose a cumulative distribution function by extrapolating the
propensity distribution to all the plots in Holts Creek. In other words, we
transform the data so we can query it to answer questions such as, "what
percentile of Holts Creek has a propensity less than .02." Answer: 94%. By
querying the vital rate distributions at each color’s percentile of propensity, we
can derive a new distribution for each of the three vital rates that shows each
color’s value.

To integrate this new competition into the model, a plant will use its plot’s
vital rate transitions. The vital rates are static throughout the simulation, so plots
that have joint-vetch on them with a positive rate of growth will continue to
grow.

Fig. 5: The distribution of
the intensity that squares
within 3m of a population of
SJV reflect. There are 6065
m2 plots in total. The mean
is statistically significant in
its difference from Holts
Creek as a whole.

Results

In pattern-oriented modeling [3], the investigator seeks to reproduce
patterns that are seen in the system they are modeling. We compared our
simulation results to two known patterns that joint-vetch exhibits:
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The division of populations into two general categories: high
performing populations that have reached carrying capacity and
mediocre populations that do not reach carrying capacity, which is 50
plants/m?2.

Constrained growth. For the Holts Creek habitat, realistic population
counts range from the high hundreds to mid-thousands [4].
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Fig. 1: Aeschynomene virginica, or
sensitive joint-vetch. art.state.gov.
Fig. 2: Holts Creek, Virginia.
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The non-parametric
Mann-Whitney test was used
i to calculate statistical
difference. U=56057, and
p<2.2e-16.

50

Introduction o S

0 50 100 150 200 050 Parameterizing the simulation, we find that pattern #1 is upheld, while

constrained growth (pattern #2) varies largely with the success rate of
water-based seed dispersal, an unknown variable.

Red reflection level

Estimating competition

To understand how the landscape scale effects of competition influence
Sensitive joint-vetch in Holts Creek, it is necessary to approximate these
processes in silico. Unfortunately, there is no foundation of data to build from
and simulate interspecies competition. However, we do have thorough,
empirically derived distributions for SJV’s vital rates in a "typical competition"
setting [1]. We also have contemporary rasterized aerial photography of the
marsh, as well as population coordinates (Fig. 1). Because the red color band is

Sensitive joint-vetch is a rare, tidal wetlands annual that is extinct in most
of its historical range. As a rare plant, it is in conservationists' interests to
determine and implement the most promising methods for preserving the
plant, while taking into account limited resources. This decision area is
ripe territory for ecological modelling, as it can better inform decision
makers and allow them to see underlying patterns and emergent
properties in empirical data that would not otherwise be visible.

We hypothesis that there are several factors in decline of the plant. SJV
is a poor competitor and thus it must rely on less populated patches for
survival. Because of this limitation, it is keenly vulnerable to habitat loss. If
this is the case, some possible conservation strategies may include:
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Sensitive joint-vetch population data provided by The Nature Conservancy.
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