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Herb Layer Data Trends as Guides to Oak Woodland Management

What types of scientific monitoring are most helpful for ecosystem management? In other words, what data, analysis and summaries are most useful for making decisions, explaining the need for resources, and conveying results to decision-makers and the public? 

The data and analyses below attempt to help answer those questions. The data reflect changes in the herb layer during twenty-two years of the restoration of an oak woodland known as Vestal Grove
 which is part of a tallgrass prairie-savanna-woodland complex in Northbrook, Illinois. During this time, those of us most familiar with the site believed we could see large changes that resulted from management (or the lack thereof). As a steward and manager of the site, I felt some confidence that I could perceive patterns of shifting abundances among the more than 200 species in the grove. I could form judgments, as could any experienced manager who was watching closely, but I could not be confident of some of those judgments (especially as complex memories thinned over the decades), and I could not very well communicate those insights to other people – unless those people simply trusted my judgment. Some of the changes could be shown to people in photographs. But here too the ability to communicate depended on people’s trust in the representativeness of the photos and the interpretation and values as applied on a case by case basis. I needed a fact-based method with scientific consensus behind it to verify to others whether my impressions were correct. This paper evaluates various methods of doing that. 

Here are some of the major changes, as I perceived them:

1. Following the first burn in 1983, large numbers of invasive trees and shrubs were top-killed, and some light reached the woodland floor that had been dark. The ground remained largely bare soil for two years. Some natural woodland plants were apparent here and there, but most of the slowly increasing vegetation consisted of dandelions, thistles and other weeds.

2. Then the understory rapidly re-vegetated as additional burning continued to diminish the shade, as those weeds proliferated, and as a mix of the seeds of locally collected woodland grasses and wildflowers was broadcast throughout (1985). Weeds gradually seemed to give way to the uncommon or rare grasses, sedges and wildflowers. (These results were impressive to me, but some consensus on data and analysis was needed to convey them to others – from ecologists to agency decision-makers to interested neighbors.) 

3. In subsequent years, I could also clearly see two major degradations. The first stemmed from an explosion of the population of white-tailed deer in 1992 and 1993. Photographs in my files show carpets of wildflowers increasing through 1990 – but gone in 1993. Close-ups showed the patches of eaten-off stalks. But these photos could be only so meaningful to the general public and their representatives, the decision-makers (the Forest Preserve District (FPD) that owns the land, the Illinois Department of Natural Resources that gives out deer-control permits, and Northbrook officials, who also have some authority over deer control in the village). Fortunately, both Village and FPD officials had other ways to make deer control decisions. The FPD conducted aerial censuses that demonstrated that deer numbers in the area had shot up to more than 160 per square mile (for an ecosystem that could sustainably support 7 to 15 per square mile). Both the FPD and the Village began deer control programs that brought the numbers down substantially by 1994.

4. The ecosystem resumed its impressive recovery through 1996, when political repercussions (in part from the deer control at other sites in Cook, Lake and DuPage Counties) imposed a moratorium on management. A cessation of burning for about six years had an increasingly profound impact. Restoration resumed in Vestal Grove with a major brush cut on July 12, 2003 and a good burn on November 9, 2004. (Once again, as a steward I had seen the losses as the management was withheld, and I could explain what was happening to people who trusted my judgment. But the data, as typically analyzed, did not clearly show the developing problem.)

The two periods of degradation are indicated in many of the graphs below by shading. In the case of the deer overpopulation, the years 1991 through 1993 are marked because photographs and notes suggest that the explosion rose to its peak at that time, and serious deer control began in 1993. The years of the moratorium on restoration are shown as 1999 through 2003. Although the moratorium began in 1996, the beneficial impact of the 1996 burn naturally continued for at least three years. Thus the 1999 date, while somewhat arbitrary, generally reflects the delayed impact of withdrawing management.

Throughout the restoration of Vestal Grove, sampling data was gathered from 15 permanent plots (one square meter each). The plots are along an initially random transect and are spaced ten meters apart. All species of plants were recorded along with the area of ground that their leaves shaded every two or three years. A number of ways of analyzing such plant monitoring data have been discussed in the scientific literature. The graphs below compare how well some of these methods served to show what was transpiring in this case. 

A common criterion used in conservation evaluations is diversity or richness of species (or of native species) present on a site (or in a sample). Figure 1 shows the trajectories for these two measures. Numbers of species present in these 15 plots jump to about twice their previous values once burning and seeding have commenced. But this measure shows rather little change subsequently. Did the overpopulation of deer and the conservation management moratorium have little or no effect?     
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FIGURE 1 

Two related measures recommended for use in the Chicago area are the Species Richness Index and the Native Species Richness Index (Figure 2). These show results similar to native species per quadrat, but, at least in this case, show no obvious advantages over that simpler metric.

[image: image2.png]Index

35

Species Richness Index

P
)
&

N 3 o
D )
> )

—+—SRl —=—NRI





FIGURE 2 

Perhaps a more meaningful way to evaluate changes in site quality or health is the number of native species per sampling plot or “quadrat.” This measure (Figure 3) does appear to drop more or less in response to the deer increase and clearly drops following the 1996 moratorium. In this case it appears to be a reasonably helpful measure of health or quality, although some of the measures shown later seem to be more meaningful.  
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FIGURE 3

Efforts to evaluate plant community quality of health often make use of “indicator species” or attempt to draw conclusions from comparing a number of such species. Figure 4 shows the ten species with the most “cover” (leaf surface area) in the transect. The problem with this graph is that the various species increase and decrease in a tangle of lines that is, at best, a challenge to interpret. Different species, if chosen as indicators, would lead to different “results.” Such data are interesting, but their use may depend on case-by-case interpretation. 

FIGURE 4  
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One possible tool for making sense of the complexity of species relationships and evaluating quality that is often used in Illinois and nearby states is the Floristic Quality Assessment (Swink 1994, Taft 1997, Taft 2006). In this system, each plant in the flora of a state or region by expert judgment is assigned a Coefficient of Conservatism (C) that indicates the degree to which the species is thought to be faithful to high quality natural communities. Thus, the coefficients are not objectively determined, but once an expert consensus on them is reached, then evaluations of samples and trends can be made on a consistent basis from site to site, year to year, and observer to observer.

The mean C per quadrat is considered to be a powerful measure that eliminates a lot of “noise” from the data and gives a good sense of underlying quality. In this case (Figure 5), the mean C suggests that the site’s quality improved regularly for the first eight years, then dipped slightly in response to deer impacts, then stayed remarkably even through the years of recovery and moratorium, and then continued its earlier climb once restoration management resumed. Many managers believe that this metric gives them confidence in long term trends but does not provide much help in recognizing short term impacts (like the two degradations being considered here) that may add up in the longer run.
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FIGURE 5 

One way to make the mean C more sensitive is to weight it by cover (for a similar approach, see Anderson 2006). Instead of merely averaging the C values for each species in each quadrat, a weighted mean C multiplies the C value for each species by the percent cover for each species and then divides by the sums of the percent covers in the quadrat (Figure 6). This measure does show a clear dip in the graph for both degradations. 
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FIGURE 6 

Another sensitive metric is the Floristic Quality Index (FQI), which is calculated using both species richness and mean C, but not the abundance of these species.  Consequently, plots with the same species will have the same Floristic Quality Index value regardless of the relative abundance (cover, biomass etc.) of species with high and low coefficients of conservatism.  For sensitivity in detecting changes, relative abundance seemed worth considering. So, in Figure 7, below, as with the mean C, we weighted the FQI by percent cover. FORMULA. In this calculation, a species with 40% cover in a quadrat counts twice as much as a species with 20% cover. This graph and the previous one (weighted mean C) seem to show the impact of the two degradations the most clearly of those analyses that we considered. In this case, these metrics seem especially useful in evaluating the impacts of management (and lack of management). Notice that the angles of increase in quality are similar after all three of the resumptions of restoration management. This increase would necessarily level off once maximum quality (diversity and conservatism) had been approached.
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FIGURE 7 

Thus, as a general rule, the Weighted FQI may be an especially valuable metric for a preserve manager to watch. If it is increasing or high and stable, then the manager can have some confidence that the plant community is being adequately managed. (Of course, the conservation of animals, endangered species, and other values would need to be tracked by other means.)

The C values of the Floristic Quality Assessment also may provide additional insights into what has happened over the two decades covered by this study. The graphs below help us understand why “diversity” – the numbers of species or native species – told us rather little (and indeed were masking the major changes that were taking place). 

Over the 22 years represented by this data set, 174 species have appeared in the 15 quadrats (154 native and 20 alien species). Since each of these has a C value indicating its position on the spectrum of “weedy” to “conservative,” it is possible to divide those species into groups and consider how well the resulting guilds of species fared over the years.  In Figure 8 the species are again weighted by cover and divided into four groups. With “A” indicating alien, the A-0 species are the very weediest. The C = 1-3 group are “somewhat weedy” – that is, species that might most often be found in disturbed parts of natural ecosystems, for example around animal burrows or tree falls. The C = 4-6 group are “somewhat conservative.” These species are often among the commonest in high quality communities but are not restricted to them. Finally, the C = 7-10 species are the most conservative, that is, the species that are the most indicative of high quality natural ecosystems. They would rarely be found elsewhere.

As shown in Figure 8, the lion’s share of the cover initially was among the somewhat weedy species. In the early years of the restoration, this group lost ground dramatically, possibly from competition from the rapidly advancing conservatives. This group then rose dramatically under the heavy grazing by the deer and then fell rapidly for the rest of the study. 

The very weediest species covered only slightly less ground originally, but they decreased and stayed down while the other three groups competed for dominance (though these weeds did increase slightly during the political moratorium).
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FIGURE 8

The two groups of conservatives both scored lower than the weeds initially. They then followed two different patterns, and indeed these patterns mirror the patterns of the two weedier groups. The somewhat conservative species increased dramatically for the first few years, then plummeted during the overgrazing, soared when the grazing stopped, only to plummet again with the moratorium, and finally spiked when restoration management resumed. Like the somewhat weedy species, the somewhat conservative species fluctuated widely in response to management.
The most conservative species, living up to their name, were much less responsive. Yet their history shows a powerful trend. Despite modest declines during the two degradations, overall they have inexorably increased. They did so dramatically during the most recent four years, perhaps in response to both a well-established and competitive matrix when fire and weed control resumed.   

Figure 9 shows these trends in a way that may be somewhat clearer to someone looking for a quick summary (though with less interesting detail, as least to a steward). Here the species are divided into just two groups – weedy and conservative. It is a dramatic confirmation of the overall appropriateness of the restoration. The conservatives achieve dominance over the weeds early in the study and lose it during both degradations. And it is ecologically dramatic to see the graphed lines cross five times and then finally separate dramatically after full restoration resumes in 2003. The conservatives have less than one third the cover of the weeds in 1986; they have nearly five times as much in 2007. 
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FIGURE 9 

It is interesting to note that, in this analysis, the weeds have diminished to one third their original value, even though they recovered their dominance during both degradation events. In contrast, cover by conservatives in 2007 was more than five times its value in 1986. The plant community is now likely to be more resilient in the face of degradations (such as a pause in fire frequency or excess grazing and browsing) than was the delicate community of newly planted species in the early years of the restoration. It will be interesting to see – assuming that good management can be maintained – how these curves will continue in the future.

How might managers and decision-makers use data and graphs such as these? For the resource manager or steward, if mean conservatism and floristic quality are trending up (or high and staying there) that’s an indication that the current management regime is working well for the plant community. In that case, discretionary resources (including time and attention) can be focused elsewhere. On the other hand, if trends are down, more focus on (and resources for) the declining site are needed – for example, more invasives control or an increased, decreased or otherwise modified burn regime. 

How might such data and analysis be useful for elected officials or for administrators without backgrounds in ecosystem management and restoration?  Even in cases where decision-makers have full confidence in the judgment of their technical staff, it is valuable to have clearly documented measures to rely on. Quality analyses like these can be a valuable component of the education of the conservation constituency and of the interested public. And finally, it is also important to have clear explanations of how tax money is being spent and how effective are the (sometimes counter-intuitive) restoration management techniques. In other words, data like this helps provide accountability to decision-makers, the media and the general public. The tools provided by Floristic Quality Assessment as employed here may in time help provide additional and more authoritative tools for decision-making and education purposes.
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� For additional details about the management of this site, see “Restoring the Herb Layer in a Degraded Bur Oak ‘Closed’ Savanna,” Stephen Packard and John Balaban in Proceedings of the North American Conference of Savannas and Barrens, James S. Fralish, Roger C. Anderson, John E. Ebinger, Robert Szafoni, eds. Illinois State University, Normal, IL, 1994. 








