
UW botanists to explore causes of past and future plant losses and 
invasions in Wisconsin forests and prairies

Over the past fifty years, Wisconsin forests and prairies have undergone ominous changes, 
with several native plants being lost from individual sites while alien species have invaded 
others.  Biological diversity – the range of species found across a site or landscape, the biological 
properties of those species, how evolutionarily divergent species are from each other, and the 
amount and spatial patterning of genetic variation within those species – is thought to play a 
key role in determining the assembly of natural communities and buffering them against 
changes in the environment.  The loss of native plant diversity, through local extinction and 
reduced abundance of native species combined with the invasion of non-natives, threatens the 
future function and productivity of our remaining natural communities, and is thus of great 
concern to ecologists, foresters, and conservationists.

To address the causes of these changes and predict the pattern of future losses and 
invasions, the National Science Foundation has just funded a five-year, $3M study led by four 
professors in the Department of Botany at the University of Wisconsin-Madison. This study is 
one of 13 nation-wide supported by a new NSF program on Dimensions of Biodiversity, and the 
UW team was chosen from over 180 groups submitting proposals. The UW team includes 
Donald Waller, noted for his studies on historic changes in Wisconsin forest composition and 
the effects of deer on plant populations; Kenneth Cameron, Director of the Wisconsin State 
Herbarium, and a leading authority on orchid evolution and the use of DNA sequences to 
identify plants; Thomas Givnish, known for his analyses of shifts in prairie composition, the 
functional significance of plant form, and adaptive radiation in various plant groups 
worldwide; and Kenneth Sytsma, a pioneer in the use of molecular techniques to study the 
evolution, dispersal, and geographic distribution of flowering plants. 

The key to the UW project relies on identifying plant species losses and invasions over the 
last half-century by comparing the compositions of present-day forests and prairies with those 
documented for the same sites during the 1950s by the eminent plant ecologist John Curtis and 
his students.  Studies by Waller and his students suggested that many local extinctions and 
reductions in plant abundance in Wisconsin forests were due to burgeoning populations of 
white-tailed deer, increasing forest fragmentation and exposure of their plants to even more 
damage by deer, greater shade as forest succession proceeds, rising effects of invasive weeds, 
and the pervasive effects of climate change.  Earlier research by Givnish and Mark Leach 
suggested that numerous losses of native plants from remnant prairies were due primarily to 
fire suppression, with the greatest losses seen among short, small-seeded, and/or nitrogen-
fixing plants, especially on moist to wet sites, as predicted on functional grounds.

Recensuses of more than 350 Wisconsin forests and prairies provide a more detailed picture 
than anywhere else on Earth of how hundreds of plant species have shifted in abundance and 
distribution over the past five decades in response to changing habitats, landscapes, climates, 
and keystone animal species.  The UW team plans first to sequence several genes for all native 
and introduced higher plants in Wisconsin, to produce a family tree of those plants.  They will 
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use that tree as a basis for analyzing the role of evolutionary relationships in ecological, 
morphological, and phsiological divergence among species, and in plant community assembly, 
local species loss, and alien species invasion.  This effort will also contribute to an attempt to 
produce an all-inclusive “Tree of Life” for all North American plants, vital for understanding 
their origins, geographic evolution, and susceptibility to extinction.

The UW team – including several undergraduates, graduate students, technicians, and 
post-docs – will score several hundred species dominating forests and prairies for some 50 
functionally significant traits.  Analyses of trait variation among plant species within and 
among communities will allow the investigators to partition the relative importance of trait 
evolution vs. evolutionary relationships in determining the assembly of natural communities 
and ongoing shifts in community composition and structure through time.  In addition, studies 
of genome size and of the amount and spatial scale of genetic variation within leading “winner” 
and “loser” species over the last several decades should provide insights into the contributions 
of the tempo of population dynamics and of the spatial extent of dispersal in individual species 
to their vulnerability to local extinction and their possible power to capitalize on rapid 
colonization and timely adaptation to environmental change and habitat fragmentation.  

Using fine-scale geographic data on past and projected future changes in climate, team 
members will model how native and introduced species ranges and abundances have 
responded – and are likely in the future to respond – to changing climates; the tempo of such 
change is greater in the Upper Midwest than almost anywhere else in the US.  The data and 
analyses generated by this project will improve global understanding of how plant functional 
traits evolve, how they affect ecological success or failure in different habitats, and how 
evolutionary relationships, functional traits, genome size, genetic variation, and the spatial scale 
of gene flow (and hence plant dispersal) contribute to species persistence and invasion in the 
face of environmental change.  

It is truly fitting that this study will be conducted in Wisconsin, given that it was the home 
to the pioneering plant community ecologist John Curtis and to three great founders of the 
conservation movement, John Muir, Aldo Leopold, and former Governor Gaylord Nelson.  The 
members of the UW biodiversity team have devoted their own careers to the hope of making 
lasting contributions to conservation and our understanding of plant ecology, evolutionary 
biology, and biogeography. 
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