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Introduction

California contains many plant communities that are unique to the region.  One such community is the chaparral plant community.  Chaparral, from the Spanish word chaparro meaning dwarf evergreen oak, is often characterized by densely growing shrubs and other drought resistant plant life.  The climate is typically hot and dry in the summer, so chaparral communities are often prone to wildfire.  As such, the chaparral species are remarkably adapted to the fire regimes and some species, particularly the perennial herbs and grasses, actually require it in their life cycle (Wikipedia).  Because of this fact, fire plays a very important role in these areas.  Mature chaparral communities, or those that have been undisturbed by fire for 8-10 years, are often dominated by shrubbery.  In this mature setting, competition and herbivory often result in a complete lack of perennial herbs (Christensen and Muller 1975).  However, after a fire has occurred and most of the shrubbery has been burned away, many of these missing chaparral species are regenerated due to increases in seed germination and plant growth.

This post-fire phenomenon has been extensively studied and is believed to be produced by several means.  Direct effects of fire result in the heating of the soil which can affect germination and soil nutrient levels, increasing the occurrence and successfulness of seedling establishment.  Indirect effects of fire result in reductions in competition and herbivory due to the removal of above-ground vegetation.  Without this canopy-like vegetation, understory plants are able to gain more water and light, plus, there is no longer any cover for foraging mammals so herbivory declines (Tyler 1995).  Likewise, the fire effects on plant growth factors that have previously been studied include effects of fire intensity, shrub removal, and herbivore exclusion. 
Our study was neither as controlled nor long-term as previous studies; we were simply observing the effects of fire intensity on plant density.  We did not manipulate any factors contributing to competition or herbivory.  Our study was attempting to determine what effects, if any, fire intensity has on population density of the perennial herb Calochortus amabilis, commonly known as Golden Fairy Lantern or Diogenes’ Lantern.  Specifically, we were attempting to disprove the null hypothesis which predicted that there would be no observable Calochortus amabilis population density differences between areas that experienced high- versus low-intensity burning.  Given the results of previous studies, we proposed an alternative prediction that this would not be true.  Our prediction was that the highest densities would occur in areas that experienced the lightest intensity burn and conversely, the lowest densities would occur in areas that experienced the highest intensity burn.
Methods
Field Methods: Our data was collected at Quail Ride Natural Reserve. This reserve is one of 35 Natural Reserves administered by the University of California Natural Reserve System (NRS).  It was established in 1991with 600 acres of land and has since been expanded to over 2000 acres.  Quail Ridge lies on a peninsula formed by the flooding of Berryessa Valley for the creation of Lake Berryessa.  The Reserve is geologically uniform, but soil heterogeneity has resulted in a patchwork of vegetation types.  The most widespread plant communities are native and non-native grasslands, chaparral, and oak woodlands.  There are also riparian woodlands along the valley bottom.  In addition to a diverse flora, the reserve fauna includes more than 18 mammalian species, 130 bird species, 20 reptile and amphibian species, and over 500 species of moths and butterflies (UC Natural Reserve System).
We divided a total of five people into two groups with each group collecting independent data.  In each group, one group member was responsible for data recording and the other group member(s) were responsible for collecting measurements.  We chose sites that were all within an area burned by wildfire in the fall of 2005.  For each measurement collected, the target plant (Calochortus amabilis) was chosen randomly.  We then centered the target plant in a quarter meter square plot and collected each measurement.  The measurements collected are as follows: response variables include percent total plant cover, burn intensity, the distances in meters from the target plant to the first and second nearest neighbors, and species richness within each plot; predictor variables include plant height in centimeters, basal diameter in millimeters, and total number of flowers.  These data were collected in high gradient areas as well as in areas along the path.  The purpose of this was to exclude the effect that the path might have on the target plant.
Data Analysis Methods: We first conducted statistical analyses on our data using the JMP5.0 program.  We analyzed the relationships between our predictor variables (percent total plant cover and plot species richness) and our plant performance response variables (plant height, basal diameter, and total number of flowers).  We plotted the data for each relationship and formulated a bivariate fit of each graph.  From this, we obtained the statistical p-values for each relationship and determined if any of the relationships were statistically significant.
Next, we calculated a moving average of the Calochortus amabilis population density using the distance to the nearest neighbor measurement (x).  Density (N) was calculated using the following equation: N=n/(πΣx2); where n is the number of samples and x is the distance to the nearest neighbor.  We calculated a density measurement for each grouping of the percent of total plant cover.  Since this was a moving average calculation, we overlapped the percent cover categories to avoid large breaks in the plot.  Accordingly, we obtained density values for each 10% increment of percent cover.  The density at 10% cover included percent cover measurements that ranged from 0-20% cover.  The density at 20% cover included percent cover measurements that ranged from 10-30% cover.  We continued in this pattern until we had moving average density values from 10-90% cover.
We categorized percent cover into low (0-20%), medium (21-50%), and high (51-100%) categories and used these to relate percent cover to burn intensity 
(Table 1).  From this relationship, we were then able to also relate(?) Calochortus density to burn intensity.
	Percent Cover Range
	Burn Intensity
	Averageof what?
	Calochortus Density
(#/m2)

	Low (0-20%)
	3=Extreme
	1.1
	0.54

	Medium (21-50%)
	2=Moderate
	2.2
	0.10

	High (51-100%)
	1=Low
	2.6
	0.73


Table 1.  The relationship between percent cover, burn intensity, and Calochortus density.  All the samples in each percent cover range were given a burn intensity number (Low intensity=1, Medium intensity=2, High intensity=3).  These numbers were averaged for each range.  As expected, the highest percent cover range had the lowest average, meaning these areas experienced the lightest burn.  The lowest percent cover range had the highest average, meaning that these areas experienced the most extreme burn.
Results

We examined the relationship between other plants responding to fire and Calochortus amabili. We predicted that Calochortus may increase in fitness parameters (height, basal diameter, flower number, etc) with increasing burn intensity, as this reduces competition. What we found, instead, was a more complicated response……
Fire vs. Individual Plant Fitness
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Figure 1.  Bivariate Fit of Species Richness relationship to Calochortus amabilis plant height in recently burned chaparral habitats of Quail Ridge reserve.

Figure 1 shows 
that there is a slight, but statistically not significant (p> 0.30), increase in plant height with increasing species richness, which means that areas with higher species diversity contain taller Calochortus plants.  
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Figure 2.  Bivariate Fit of the relationship of Percent Plant Cover to Plant Height

Figure 2 shows that plant height increases as percent cover increases, which means that areas with more plant cover also contain taller Calochortus plants.  However, the P-value for this relationship is >0.15 which also does not meet the P>0.95 requirement for statistical significance. This means that the pattern shown in Figure 2 is not significant
.
Plant height is only one of several possible individual response variables.  We also graphed each of the other individual response variables (basal diameter, flower number) against both species richness and percent cover of other species.  None of these relationships show any statistical significance. 
Fire vs. Overall Plant Fitness
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Figure 3.  This graph shows the moving average of Calochortus density based on the percentage plant cover.  These values were calculated according to the description given the above Methods section.  From this it can be seen that the highest Calochortus densities occur in areas that contained greater than 50% plant cover.

We then investigated whether there may be a more complex relationship between calochprtus performance and fire response. For example, one might hypothesize that increasing fire intensity increases seed mortality, reducing the density of calochortus in intensely burned areas. Conversely, you might predict that locations with high species richness and cover are more nutrient rich and that calochortus may succeed in these sites despite heavy competition…. To examine these relationships we estimated a moving average of calochortus density as a function of total plant cover (Figure 3).  This relationship between density and percent plant cover does not represent a simple linear relationship.  Instead, the highest density occurs in areas with greater than 50% plant cover, the medium density occurs in areas with less than 20% plant cover, and lowest density occurs in areas with medium plant cover. 
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Figure 4.  The relationship between Calochortus density and burn intensity.  This relationship was deduced from the individual relationships between burn intensity and percent cover, and percent cover and density.  The bridging of these relationships is more thoroughly explained in the above Methods section.
The highest density occurs in the areas that experienced the lowest burn intensity (Figure 4).  Oddly enough, though, the lowest density occurs, not in the areas that experienced the most extreme burn intensity, but rather it occurs in areas that only experienced moderate burn intensity.  This anomaly is also seen in the figure 3 relationship between percent cover and density.  The lowest density occurs in areas that have a moderate percentage of plant cover.  From this, it can be said that areas with the highest Calochortus densities are those with both the highest percent plant cover and the lightest intensity burn.  Likewise, it can also be said that areas with the lowest Calochortus densities are those with both medium percent plant cover and moderate burn intensity, rather than having the lowest percent plant cover and most extreme burn intensity as we would have expected.
Discussion

There are several effects of fire that have been identified as factors affecting plant performance and density.  As discussed, these factors include the direct effect of soil heating on seed germination, and the indirect effects of reduced above-ground vegetation on competition and herbivory.  Since the effect of fire intensity on seed growth is still not completely clear (Tyler 1995), it is difficult to determine if this factor actually has an influence on the density of Calochortus amabilis.  As such, we only considered the indirect effects of fire in our analysis. 

With regards to the effect of fire on individual plant fitness, our data does not show any statistically significant relationships between the percentage of plant cover or species richness and any of our plant performance response variables (plant height, basal diameter, or number of flowers).  Since we have related fire intensity to the percentage of plant cover, and, to an extent, species richness, these data seem to indicate that fire has no effect on the performance 
of individual Calochortus amabilis plants.  This actually seems to be a reasonable conclusion.  If the area of study was a mature chaparral stand before the fire occurred, many of the perennial herbs, including our target species, would not have been present during the actual fire (Christensen and Muller 1975).  These species would have sprouted after the fire occurred as a result of the factors listed above.  Naturally, the fire itself could not have affected these plants if they were not present in the area at the time the fire occurred
.

With regards to the effect of fire on overall species fitness, our data does show that fire has an effect on species density.  Areas that experienced only light burn intensity have far greater Calochortus densities than the areas that experienced more extreme burn intensities.  We considered our data to have two predictor variables: percentage of plant cover and fire intensity.  These factors are related to density in the same way.  Considering that the data shows that the highest density occurs in areas with the highest percentage of plant cover and the lightest burn, we can make the assumption that soil quality in these areas is good.  If we consider this as a spectrum with low intensity burn areas having good quality soil, the other end of the spectrum would logically show that the high intensity burn areas would have poor quality soil (perhaps because of volatilized nitrogen through the burn and with dark surface char, these patches dry out faster from solar irradiation, leading to increased moisture stress, perhaps).  Operating on this assumption, we can say that low percent cover, extreme intensity burn, and poor soil quality are all on one end of the spectrum, while high percent cover, low intensity burn, and good soil quality are all on the opposite end of the spectrum.  If we consider our data using this assumption, our results can be described as follows: the highest density occurs in areas that were lightly burned, with high percent cover and good quality soil; medium density occurs in areas that were extremely burned, with low percent cover and poor quality soil; and the lowest density occurs in areas that were moderately burned, with medium percent cover and moderate soil quality.  However, we would have expected the lowest density to occur in the areas of extreme burn intensity.  One possible explanation for this pattern is the fact that density is not dependent on just one factor.  It is actually dependent on a combination factors, two of these being competition and herbivory.  
As expected, the areas with highest percent cover and assumed best soil quality had the highest density.  This makes sense because these areas represent the best living and growing conditions.  With good soil quality and only light burning, the plants present here have plenty of nutrients so competition is not a factor; there is enough water and nutrients to support a large population.  Because of the fact that growing conditions are so good, herbivory is also not a factor.  While herbivory may be occurring, the plants are able to overcome it because of the favorable environment.  The areas with the lowest percent cover and assumed worst soil quality had medium level density.  This can also make sense when competition and herbivory are considered.  Since the soil quality is poor, it would be expected that these areas would have far lower densities than other areas.  However, these areas also have the lowest percentage of plant cover.  With fewer neighboring plants, there is less competition.  Also, without much surrounding vegetation, there are fewer places for foraging mammals to hide, so it is likely that herbivory is greatly reduced in these areas.  Based on these two factors, the plants in the extreme intensity burn areas have better survivorship even though their soil quality is poor.  Based on these assumptions, the same can be said for the areas with medium levels of percent cover.  These areas were only moderately burned and are assumed to have moderate soil quality.  Relative to the high density areas, the plants in these areas do not have as favorable an environment.  Plus, relative to medium density areas, they are also subjected to a greater degree of competition and herbivory.  Based on this, it makes sense that the Calochortus plants in this environment are not able to overcome theses factors because they do not have very favorable living and growing conditions.  This can account for the low density seen in these areas.  However, since our study was very limited, it did not account for these external factors so it is difficult to determine how much of an effect they may have had on the actual plant density.  To more accurately assess this phenomenon, a more controlled study could be conducted.  In this study, we could manipulate factors of competition and herbivory to determine the individual effects that each of these factors have on density, rather than trying to effects that resulted as a combination of these factors
.
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�So, this is not clear. I thought that you simply used % cover of vegetation as a proxy for burn intensity and defined these categories as such. This isn't an analysis, right?


�It is better to start with a sentence that suggests to us what the question is that you are trying to answer.


�See revision from above


�Or more likely, a complex effect on performance that does not immediately emerge from the simple measures of performance that we assessed. 


�Yes, but then where did they come from? Probably seed released prior to the fire that escaped mortality through the fire. These may have also been adult plants that survived below ground and resprouted after the fire.


�Nice discussion
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