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Plant species diversity and environmental heterogeneity

Hunter, M. L., Jr., G. L. Jacobson, Jr., and T. Webb III. 1988. Paleoecology and the coarse-filter approach to maintaining biological diversity. Conservation Biology 2:375-385.

This paper describes how the co-occurrence of species has changed over the past ten thousand years or so. They ascribe such changes mainly to the differences between shifts in geographic ranges for different species in response to a changing climate. Species seem to have shifted independently of each other. They then describe and critique the then relatively new use of natural communities to preserve biodiversity: the coarse-filter approach. They propose an alternative coarse-filter approach that uses physical surrogates. Geomorphologically diverse areas provide diverse habitats for species and should, therefore, support more species in the long term—even if climate changes force changes in species composition.

This is an often-cited paper in the recent literature on the subject. He treats two different subjects somewhat independently—paleecology and conservation biology—and then weaves them together into his proposal. I believe it is a strong and convincing approach. I think the paper could have been shorter and retained the power of the argument. He often restates his points again and again. But he gives a nice broad view of the problems and potential solutions in the effort to preserve biodiversity.

Harner, R. F. and K. T. Harper. 1976. The role of area, heterogeneity, and favorability in plant species diversity of pinyon-juniper ecosystems. Ecology 57:1254-1263. 

Species richness of several life-form groups and data for 8 abiotic variables were sampled in nested quadrats that varied from 1m2 to 10,000m2. Geomorphic variables included topographic and soil characteristics. Solar irradiation was also calculated from topographic information at sample points. They find that total species richness is strongly related to their index of environmental heterogeneity (the sum of the relativized standard deviations for each abiotic variable). Most of the variation in species diversity is explained by available moisture and number of soil types (the number of Munsell Color Chart colors). They demonstrate that environmental heterogeneity may more strongly influence species richness than area does. They also find significant positive relationships between precipitation and species diversity in this dry habitat. 

This is an elegant, but highly technical article that uses some of the more esoteric tools of community ecology like z—the slope of the double log transformed species-area curve. It is less readable than others because it assumes previous knowledge about theories and measures. Burnett et al describe the study as the “only one previous explicit test” of the assumed relationship between spatial heterogeneity and biotic diversity that uses “multiple measures of landscape heterogeneity.” 

Burnett, M., P. August, J. Brown, and K. T. Killingbeck. 1998. The influence of geomorphological heterogeneity on biodiversity. I. A patch-scale perspective. Conservation Biology 12:363-370.

The authors use classes of soil type, soil depth, slope, A and B horizon texture, soil drainage, and aspect to create a composite classification of their study area in Rhode Island. They found that both the species richness and Shannon-Weaver diversity of woody plants are significantly higher in twenty 2-ha plots of high geomorphological heterogeneity than twenty 2-ha plots with low heterogeneity. Out of the 7 environmental variables, they found aspect and soil drainage to be most predictive of woody plant richness and diversity.

I can’t help wondering if they could have done more with their data if they had designed the project differently. If they had chosen plots that varied more continuously in the level of geomorphological heterogeneity, could they have regressed the species richness and diversity data on the index geomorphological heterogeneity? Instead, they appear to have used tests of central tendency to compare areas of high and low diversity. However, this is a simple approach that is easy to grasp. 

Nichols, W. F., K. T. Killingbeck, and P. August. 1998. The influence of geomorphological heterogeneity on biodiversity. II. A landscape perspective. Conservation Biology 12:363-370.

The authors compare vascular plant species richness of various groups (all plants, all herbs, all shrubs, non-native plants, etc.) to abiotic heterogeneity in 26 Rhode Island Audubon refuges of various sizes. Classes of soil drainage, aspect, and slope are used to calculate the Shannon-Weaver index for each class of abiotic heterogeneity as well as the composite of all three for each refuge. They find that soil drainage heterogeneity best explains most of the variance in the species richness data. They also find that soil drainage heterogeneity explains this variance better than, refuge size, or human disturbance—measured as the proportion of non-native species.

This paper tackles several issues at once that have the potential to confound the analysis and interpretation of the results. However, they find novel—perhaps controversial—ways to tease apart the effects of area and disturbance. Part of the power of this paper lies in the fact that the areas they use vary greatly in types of vegetation: they describe 16 distinct natural community types in the 26 refuges.

This and the Burnett et al paper represent independent, but related studies from the University of Rhode Island that appear together in the same issue of Conservation Biology. The introduction and conclusion sections of both focus on implications for conservation. Of all those papers that I’ve read on the subject that describe field studies (natural experiments), these recent papers most explicitly investigate the details Hunter’s proposition to use physical surrogates to locate and preserve biodiversity. They work very well in combination: the first tests the idea on a relatively local scale (2-ha) in somewhat natural fixed areas, the second on the scale of small conservation areas in areas of different sizes and variable amounts of diversity. 

Gould, W. A., and M. D. Walker. 1997. Landscape scale patterns in plant species richness along an arctic river. Canadian Journal of Botany 75:1748-1765. 

The authors use an index of environmental heterogeneity that incorporates classifications of 6 geomorphological variables to find a significant relationship with plant species richness along a river. The simple measure of soil pH, however, is an even better predictor of species richness. Although mean July temperature was measured as well, they found no significant correlation with species richness.

This is another example of a study that investigates the relative contribution of various factors to species richness; in this case species richness, environmental heterogeneity, and soil pH are all correlated. In general, this paper uses an interesting and complex field experiment to tackle this truly complicated subject. I think the figures are very helpful in elucidating the methods and results.

Heikkinen, R. K. 1998. Can richness patterns of rarities be predicted from mesoscale atlas data? A case study of vascular plants in the Kevo Reserve. Biological Conservation 83:133-143.

Heikkinen finds that the number of rare species are found significantly more often in 1 km grid squares that are more topographically heterogeneous than others. He concludes, however, that the model is not as predictive as one would like and will not reliably replace field surveys for plants. He attributes the “moderate accuracy” to the intermediate scale of the study plots. 

This article provides a healthy reminder that some of the tools of the physical surrogacy method are inappropriate for predicting biodiversity, especially at certain scales. It provides a good discussion of the problem of scale. This is a somewhat technical paper. It could use some more maps and figures. 

Wohlgemuth, T. Modelling floristic species richness on a regional scale: a case study in Switzerland. 1998. Biodiversity and Conservation 7:159-177.

Wohlgemuth tests 123 environmental variables for relationships with plant species richness of areas that vary in size from 11 to 172km2 and cover the area of Switzerland below timberline. He finds that environmental heterogeneity (including temperature range and number of soil types), threshold values of minimum precipitation, and presence of calcareous rock outcrops explain best the variation in species richness across the area. They also find that species richness is significantly negatively related to proximity to a big lake or river—places known for their relatively high environmental and species diversity. Interestingly, on this large scale, species richness is not significantly related to area. 

This article appears to be translated from another language and so is somewhat unclear in many ways. The tables of environmental variables are difficult to use, and the 3-letter codes for variables are hard to keep track of. However, the amount of work that went into the project seems immense. This study covers largest area of any that I have found on the subject. It shows well the how data quality varies with study area size quite differently for abiotic and biotic factors: the plant data is very low quality at this large scale, whereas the environmental data quality is very good, and there’s lots of it.

